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Introduction

1  Thisguidance provides advice to employers and others who operate, service and
maintain local exhaust ventilation (LEV) systems. The aim is to ensure that LEV systems
which are intended to control substances hazardous to health, including biological agents,
continue to operate as originally intended. A system should be able to effectively capture
released hazardous airborne substances, remove them from the workplace and safely dispose
of them. This then protects the health of people indoors and outside.

2 For this purpose legislation requiresthat LEV systems should be well maintained,
thoroughly examined and tested at regular intervals. You should always remember that effective
maintenance is essential for the continuing provision of an effective and efficient system.

What is a local exhaust ventilation system?
3 ltisasystem that:

*  uses extract ventilation to prevent or reduce the level of airborne hazardous
substances from being breathed by people in the workplace;

*  draw9ollutants away from a process or operation that is likely to release a
hazardous substance into the workroom air; and

*  congists of aninlet such as a hood, slot, booth or cabinet placed around or close to
the point of release of the substance. This device is connected via ducting to the
inlet of a fan or air mover. The extracted air is usually discharged to the
atmosphere or returned elsewhere in the workplace, having first been cleaned to
make it safe for release (see HSG37 An introduction to local exhaust ventilation').

Components of an LEV system, see Figure 1

. Inlets such as a booth, hood, slot, canopy, cabinet, or enclosure.

. Ducting which may contain bends, junctions, changes of section and dampers; it
may be circular or rectangular in cross-section and be rigid or flexible.

. Fan or occasionally some other type of air mover such as a compressed air venturi.
. Air cleaner (where necessary) such as a dut filter, wet scrubber, or solvent recovery device.

. Discharge to the atmosphere or aroom via a stack, diffuser, grille orjust an open duct.

Introduction 1
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Figure 1 Components of alocal exhaust ventilation system

4 For the purpose of deciding the frequency of thorough examination and testing, it may be
necessary in some situations to decide if an item of plant is LEV. For example:

»  Treat parts okquipment such as the machine casing and guards as LEV if they are
directly ventilated and if one of their functions is to control emissions.

. Regardmake-up air systems that replace exhausted air as LEV if they are an integra part
of an exhaust system, eg where ventilated booths and cabinets need make-up air to work

properly.

. Flues fromfurnaces, ovens etc are LEV where the draught created by the flue is
necessary to control the release of hazardous substances.

*  Vacuum cleaners are not LEV wherused for cleaning surfaces. They are LEV if
connected to a portable machine or tool.

2 Introduction
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The legal requirements

Use of LEV

5 Regulation 7 of the Control of Substances Hazardous to Health (COSHH) Regulations
1994, requires that the exposure of employees to substances hazardous to health be either
prevented or, where that is not reasonably practicable, adequately controlled (see HSE
guidance publication EH40). Schedule 9 of the regulation deals with the special provisions
relating to biological agents. The regulation is supported by the COSHH Approved Code of
Practice’ (paragraph 33) which lists ways in which control can be achieved and makes specific
mention of enclosure, partial enclosure with LEV, LEV and sufficient general ventilation.

Maintenance, examination and testing of LEV
6 Regulation 9 of COSHH requires that any control measure taken to comply with
regulation 7 must be maintained in an efficient state, in efficient working order and in good

repair. LEV systems should be examined and tested at |east once every 14 months.

7 However, there are minimum frequencies for LEV systems used in conjunction with
processes listed in Schedule 3 to regulation 9(2)(a) as shown in Table 1.

Table 1 Freguency of thorough examination and testing of LEV plant used in certain processes

Process Minimumfrequency

Processes in which blasting is carried out in or incidental to the
cleaning of metal castings in connection with their manufacture. | 1 month

Jute cloth manufacture. 1 month

Processes other than wet processes, in which metal articles
(other than of gold, platinum or iridium) are ground, abraded
or polished using mechanical power, in any room for more
than 12 hours per week. 6 months

Processes giving off dust or fume in which non-ferrous metal
castings are produced. 6 months

8 Regulation 9 aso specifies that records shall be kept of the results of the tests including
details of any repairs carried out as a result of the examinations and tests. These records have
to be kept for at least five years.

The legal requirements 3
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9 Thereisaduty (regulation 8) on the employee to use the LEV provided and to report any
defects observed.

10 Both COSHH and the Management of Health and Safety at Work Regulations 1992*
require that those who carry out duties under these Regulations should be competent to do so.

Other regulations

11 The Management of Health and Safety at Work Regulations 1992 require an employer to
make appropriate arrangements for the effective planning, organisation, control, monitoring
and review of the preventative and protective measures, which includes LEV systems.

The Control of Asbestos at Work Regulations 1987° and the Control of Lead at Work
Regulations 1980° also impose specific requirements for the provision of and maintenance,
examination and testing of LEV. Furthermore, the Workplace (Health, Safety and Welfare)
Regulations 1992 require the maintenance of general ventilation systems (not covered in this
document).

The legal requirements
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Selection of personnel
and their protection

Selection of suitable personnel
12 The legd duty to provide and maintain effective control measures, including LEV, rests
with the employer. But the maintenance, examination and testing can be carried out by an
employee or by an outside contractor. However, it is preferable that the 'tester' has no
responsibility for the routine maintenance of the plant so as to ensure an independent view.
13 The most important aspect of the choice of person is his or her competence to undertake the
duties, and to interpret the results 0 that ajudgement can be made asto the ability of the LEV to
adequately control the hazardous substances. If you have a complex LEV system you will probably
need the services of a specidist such as a ventilation engineer and/or an occupational hygienist.
The National Certification Scheme for In-Service Inspection Bodies (NCSIIB) isavoluntary
accreditation scheme for LEV examination companies. The scheme provides assurance of a high
level of competence in the examination of LEV systems by companies which have been accredited.

What the tester should know

To be considered competent, the person undertaking the tests should know:

. the components of anLEV system and their function;

. how to recognise a damaged componentfrom a visual inspection;

. the purpose and use of themeasuring instruments;

»  the most suitablenstrument to test the performance of each component of the LEV;

«  the standard to whicheach component should perform,;

*  how to recognise when acomponent of the LEV is performing unsatisfactorily,
based on the measurements taken;

. the legalrequirements for the examination and testing of LEV;
. how to collate andrecord information;

. how to work safely with the LEV plant and the hazardsassociated with it.

Selection of personnel and their protection 5
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Protection of personnel

14 Examiners and testers may be at risk, through injury from the mechanica parts of the
LEV and through ill health from the substances being controlled. For example, fans have
moving parts which may have to be unguarded to be inspected, and much ducting is placed
high above the workplace, requiring ladders and platforms for access. Filter elements
containing hazardous materials may have to be uncovered for inspection. With filter
inspections, there is arisk of not only the tester being exposed but others in the vicinity.
Precautions should also be taken to prevent risks from electricity. Competence to work safely
Is apart of the suitability of the examiner and tester.

15 Ventilation subcontractors may not be familiar with the layout of the LEV plant or the
process being controlled, and therefore may be at particular risk from specific hazards. There
isalega responsibility placed both on the employer whose plant is being tested, and on the
tester's employer to ensure the safety of the tester and those other people in the workplace who
may be affected by the tet.

Adequateprecautions must be taken to protect personnel engaged in the examination,
testing, maintenance and repair of LEV plant. These include:

« instruction andraining on the recognition and assessment of hazards,
«  ensuring thatsystems of work are in place to ensure hedth and safety;
» informing workers thathe tester is on the plant;

«  puttingorocedures in place to avoid the spread of contamination; this includes
decontamination procedures,

«  sdectingsuitable personal protective equipment to control the risk;
« using persnal protective equipment where needed;

» usingsuitable respiratory protection for access to the insides of filter housings and
ducting;

. knowingwhere smoke tracers could trigger fire darms;

«  knowing where a dust lampcould distract other workers.

6 Selection of personnel and their protection
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Procedure

16 Maintenance and thorough examination and testing need to be planned together in three
stages:

. initial appraisal;

*  regulamaintenance including frequent visual inspection, maybe daily, weekly or monthly;
. thorough examination andesting.

Initial appraisal

17 The initial appraisal has two major functions:

«  to showthat the plant works and meets its specified performance to control exposure;

*  to determine the operating criteria

The initial appraisal will form part of the assessment of health risks to comply with
regulation 6 of COSHH.

Defining the operating criteria

18 The COSHH Approved Code of Practice specifies the details that need recording
for thorough examination and testing of LEV systems. These include:

Information required about an LEV system

Enclosures’hoods - maximum number to be in use at any time; location or position; static
pressure behind each hood or extraction point; face velocity.

Ducting - dimensions; transport velocity; volume flow rate.

Filter/collector - specification; volume flow rate; static pressures at inlet, outlet and across
the filter.

Fan or air mover - specification; volume flow rate; static pressure at inlet; direction of
rotation of fan.

Systems which return exhaust air to the workplace - filter efficiency; concentration of
contaminant in the returned air.

Procedure 7
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19 Where new LEV systems are being installed, it is advisable that the supplier provides
most of this information and this should be made a condition of purchase. With existing
systems it may be possible to obtain this from the supplier's origina quotation or specification.
An example of apro formafor recording this information is given in Appendix 1.

Maintenance
20 LEV systems consist of four types of component:

. static itemssuch as rigid ducts, hoods, etc which should not wear unduly with time unless
mechanically damaged by external materials and/or worn or corroded by materials carried
in the duct;

*  moving items thawear more quickly, eg fan bearings, drives and motors, filter shakers,
some fume cupboard components;

. componentswhich deteriorate with use, eg filter fabric, flexible ducts;

. items thaimay need frequent attention, eg filter bins and waste containers, both of which
need emptying on adaily or weekly basis, and cdll type filters on paint spray booths
which may need replacement at the end of each working shift.

21 Suppliers and installers may advise on the servicing procedure and frequency for the
mechanical items. However, maintenance schedules will need to relate to the intensity of use
and experience of the system; in any case it should not exceed 14 months.

22 It is quite common for filter suppliers or other companies to offer a maintenance contract.
However, the final responsibility lies with the employer for ensuring that the LEV continues to
work effectively and that obviously worn and damaged items are repaired or replaced
promptly. Table 2 lists a number of potential causes of failures common to LEV which may be
attributed to damage or inadequate maintenance.

23 Theinitial appraisa will highlight any design or installation faults while the thorough
examination and testing should detect faults that have developed over time.

8 Procedure
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Table2 Typical causes of failure due to damage or inadequate maintenance (other problems may occur
due to inadequate design, installation or commissioning)

Cause Effect

Exhaust hoods, boothsetc

Physical damage Loss of enclosure and of control.

Blockage of ports/closed Reduced air flow and control. Partial blockage
dampers may cause flow imbalance and localised turbulence.
Poor positioning Poor control.

Ductwork

Physical damage or wear Loss of air volume and hence of contral; if the duct

is pressurised it results in escape of pollutant.

Blockage Reduced air flow and loss of control; in extreme
cases the duct may collapse.

Dust collectorsandfilters

Blockage or blinding of filters Reduced air flow and control; it occurs with age
and dry collectors but can be accelerated by high filtration velocity,
dampness and certain pollutants and necessitates
the replacement of the filter or collection medium.

Damaged, unsuitable or Carry-over of pollutant; it necessitates a change
incorrectly installed filters of filter or collection medium seals.
Incorrect operation of filter Results in blocked/blinded filter.

cleaning mechanism

Wetcollectors

Water level too high in Excessive resistance and reduction in airflow leading
collector to poor control. Carry-over of water droplets.

Water level too low in Failure to trap pollutant.

collector

Procedure 9




Cause Effect

Electrostatic air cleaners

Failure of electrical supply, Complete failure of collection mechanism (and if air
ionisers, or collection plates is returned, return of pollutant to workplace).
Inadequate cleaning or Loss of collection efficiency (and return

damageto plates of pollutant to workplace if air is returned).

Carbon filters

Filter saturation Results in failure to trap pollutant.

Fans

Wear or corrosion of blades Causes dteration of the blade shape, |oss of

and build-up of contaminant efficiency of the fan, and reduction in air flow.

on blades Severe vibration and damage to bearings and direct
drive motors.

Slipping drive belts Results in reduced fan speed and reduction in
ar flow.

Incorrect electrica connection Results in incorrect fan rotation and reduction or

reversal of air flow depending on fan type.

Inadequate lubrication of Results in noisy operation, overheating and eventual
bearings fallure.

Regular inspection and checking

24 Regular inspection and checking of LEV is not the same as the thorough examination and
testing. The am of the former is to identify potential problems o that they can be rectified
before the LEV performance deteriorates. It is also necessary for maintenance purposes.

25 What form this inspection takes, and its frequency, will depend upon the nature of the
plant.

26 The COSHH Approved Code of Practice recommends that weekly visual checks should
be made to identify any obvious defects. If the LEV controls a particularly hazardous
substance then more frequent checks may be necessary. Plant operators need to know what to
look for and how to report it.

Procedure
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The regular inspection and checks may include:

»  ensuring that the LEV islways running when hazardous substances are being
emitted or are likely to be emitted;

»  observing the condition of the suctioninlet such as the hood, booth, etc to see
whether it has moved or has been damaged;

. observing thecondition of any visible ductwork and dampers by the inlet;

. observing anyevidence of control failure, for example noticing if there are unusual
dust deposits or a stronger odour than normal immediately outside the LEV;

«  observing anyloca instrument that has been fitted to the LEV to show its performance,
such as a pressure gauge on afilter or an airflow device on afume cupboard;

undertaking anyminor servicing such as emptying filter bins.

Note: the extent of the checks will depend on the complexity of the LEV system.

27 Employees can help. There should be aformal system for dealing with verbal reports
from employees which can be recorded into the maintenance reports.

28 Where inspections, checking or the thorough examination and testing reveal a serious
underlying problem, or there is reason to believe that the LEV is not adequately controlling
emissions, immediate repairs should begin.

29 With complex systems, it may be necessary to make a more detailed investigation
involving someone with a specialised knowledge of ventilation and/or occupationa hygiene.
Action needs to be taken on the advice given.

30 Adequate control must be maintained at all times, both when the emissions occur or are
likely to occur. Failing that, it may be necessary to shut down the plant. Suitable respiratory
protective equipment may be used as a short-term measure until the faults have been rectified
and the LEV isworking properly.

Thorough examination and testing
31 The thorough examination and testing of a system represents a regular audit of the
performance of the system, and should show whether or not the plant is performing correctly

and effectively. It may not reveal the precise cause of any unsatisfactory performance.

32 The employer needs to appoint a competent person to carry out the thorough examination
and testing. The necessary competence has been described earlier in this guidance.

Procedure 11
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Procedurefor thorough examination and testing

33 The procedure adopted will depend on the type of plant and the pollutant it handles.
While the COSHH Regulations do not specify tests to be carried out, the Approved Codes of
Practice to the Control of Lead at Work Regulations and the Control of Ashestos at Work
Regulations do specify tests. The examination and testing should be sufficient to show that the
plant isin good working order, that it meets acceptable performance standards and that
emissions are satisfactory controlled to provide adequate control of exposure.

34 A thorough examination and testing will normally comprise:

a visualcheck;

measurement oplant performance and an assessment of control;

an assessment of thegperformance of the air cleaner or filter where air is recircul ated.

Thefollowing visual checks of an LEV system should be made:

athorough external examination of all parts of the system fordamage, wear and
tear, condition of hoods, dots, canopies, booths, enclosures, ducts, duct fittings,
fans and filter casings, discharge stacks;

if afilter has ashake down cleaning device, a check is needed on whether it is
working correctly. This dso applies to reversejet or pulsedjet filter cleaning
devices;

an internal examinationwhere necessary and where possible to ascertain the
condition of items such as filter fabric and fan belts;

wherdilters have built-in pressure gauges, a check on their ability to display the
pressure and on whether the correct operating pressure range is indicated by means
of arrows or awritten notice;

if awet scrubber is used, a check of thewater flow and the condition of the sump;

wherdilters that return air to the workplace are fitted with devices that indicate
the concentration of pollutant in the returned air, avisual check to see whether they
are functioning;

use of a smoke cloud releasedtlose to the source (see Figure 2), or in the case of
dust the use of a dust lamp, to visually assess the control of a pollutant;

with dustextraction systems, a check on whether any accumulations or deposits
of dust are occurring close to the source.

12
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\ the hood

Smoke tube

Figure 2 Use of smoke tube
What needs to be measured?

35 Measurement of plant performance would normally comprise the measurement of static
pressure behind each hood or enclosure, the air velocity at the face of the enclosure or point of
emission, air velocity in the duct and power consumption (see Appendix 2 for details). It is
important to ascertain what the LEV is designed to do and whether it is achieving it.

When should tests be carried out?

36 The frequency of testing must comply with regulation 9(2) of COSHH or be more
frequent where necessary. Tests should be carried out during typical working conditions.
Where machines fitted with LEV are in occasional use, as in a maintenance workshop, it may
be necessary to arrange for them to be operated as normal during the test. This may not be
necessary if it can be shown that control would be satisfactory under normal working
conditions. You could rely on the experience of the tester to establish this fact.

37 Sometimes, accessto LEV is restricted, for example in foundry work where molten metal
is being poured in front of a hood to be tested. Furthermore, there can be emissions from
production processes that may damage the testing instrument. For example, heavy dust
deposits on the heated head of a thermal anemometer will affect its calibration. Also, splashing
of acid mist may damage an instrument and dust entering the small holes of a pitot-static tube
may block it. In these cases, parts of the LEV system should be tested when the activity has
ceased and it is safe for access. The success of capture may have to be estimated based on the
measurements and experience of good ventilation practice.

Procedure 13




Maintenance, examination and testing of local exhaust ventilation

Air returned to the workplace

38 Where air is returned to the workplace there is a danger that if the filter fails, polluted air
can affect not only the worker being protected but others in the vicinity. With systems that
recirculate filtered air, the following examination and testing should be made:

. Provide a rigorous visualexamination of the filter for possible damage and to ensure a
good sed in its housing. Signs of dust on the clean side will indicate a problem.

»  Check thgoressure drop across the filter; too high a pressure indicates blockage,
too low a pressure indicates damage or a poor sedl.

*  Arrange fortests of the quality of the air as it |leaves the filter. This may prove difficult. If dusts
are being filtered then it may be necessary to sample isokinetically (the air velocity into the
sampling probe should be the same as that in the duct). If gases or vapours are being filtered
then an andyser can be used. Alternatively, filtered air can be sampled for subsequent chemical
anaysis. This may require the services of an occupational hygienist.

»  Test thdilters for compliance with published standards especialy for 'HEPA'
(high efficiency particulate air) filters.

39  Some filters are fitted with continuous monitors for returned air quality which may be
coupled to alarms. These will require maintenance and calibration in accordance with the
manufacturers' instructions.

Making ajudgement

40 Based on visua inspections and technical measurements, the tester needs to make a
judgement as to whether the system is adequately controlling the substance(s) hazardous to health.

41 The capture effectiveness will be shown by smoke and/or dust lamp tests. But the
performance of certain parts of the LEV plant can only bejudged by measurement of air
velocity, pressure or volume flow rate, for example filter pressure drops, duct transport
velocities, fan volume flow rates and pressures.

42 The results of these measurements need to be compared with some or all of the following:

. the original datagiven by the supplier;

. the data gathered on thefirst inspection, if shown to represent a means of achieving
good control;

. recommended goodventilation practice.
43  One of the purposes of the regular LEV testing is to ascertain whether the system has

deteriorated since the previous test. Therefore it is important to compare the current readings
with previous ones.

14 Procedure
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Instruments and
techniques

44 Various instruments and techniques can be used for the examination and testing of LEV
plant. The most common fall into three categories:

. directmeasurement of emissions (air monitoring);

. measurement ofplant performance;

. visualisatio techniques.

Air monitoring

45 Measurement of the airborne concentration in the breathing zone of the workers, in close
proximity to the source, may give an indication of the success of the LEV for controlling a
substance hazardous to health. This may be needed to comply with regulations 6 and 10 of
COSHH. The techniques used are beyond the scope of this guidance but in most instances
such testing will require the services of a trained technician.

Measurement of LEV plant performance

Static pressure

46 The measurement of static pressure is relatively easy and is determined by the air flow
rate and the resistance of the system due to friction. (See Appendix 3 for a description of
techniques).

Air velocity

47 The measurement of air velocity serves two purposes:

. measurement of air velocities intohoods etc, or at the working position, will indicate
whether the system has the capacity to control the pollutant;

. measurement ofduct velocity will enable the tester to check whether the system is
handling the required air volume, and whether the velocity is high enough to convey
pollutant to the collector or point of discharge.

Instruments and techniques 15
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48 Airvelocities can be measured using variousinstruments, eg anemometers. |nstruments
should be carefully selected to ensure that they are accurate and sensitive at the required air
velocity and suitable for the purpose (see Appendix 4 for adescription of instruments used).

49 Different instruments have their specific limitations, and many commercialy available
anemometers for field use are not accurate at air velocities below 0.2 m/s.

Flow visualisation devices and tracers

50 Severd techniques can be used to visualise the flow of certain pollutants. The most
common are the use of smoke generators (to show air flow patterns) and the use of a dust lamp
(for use with particulate contaminants). See Appendix 5 for details of the use of flow
visudisation techniques.

51 Containment testing can be used in specific circumstances, eg microbiological safety
cabinets, to test the effectiveness of exhaust ventilation enclosures. A tracer gasor aerosol is
rel eased at apredetermined rate inside the enclosure and then monitored at set points outside
to determine if any escaped.

M aintenance and calibration of instruments

52 Apart from liquid-filled manometers, all measuring instruments require servicing and
calibration at regular intervals. The intervals for servicing depend to some extent upon the
frequency of use. It is recommended that instruments used daily should be serviced at Six-
monthly intervals, and all others every twelve months. However, if an instrument becomes
damaged, it should not be used until it has been repaired or recalibrated.

16
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Records, reporting
and action

53 For the thorough examination and testing to be of practical use, it must be backed up by
an effective system of recording information and a method of ensuring that any faults detected
are promptly rectified. The COSHH ACOP lists in detail the information to be recorded in
respect of each thorough examination and test.

54 There will need to be pro formas for the tester to complete and sign, and to pass to the
appropriate person responsible for the LEV system. If repairs are required then the responsible
person will need to ensure that they are carried out promptly. The effectiveness of the repairs
should be proven by aretest.

55 To be useful, the information in the record would need to include:
« the conditions of thdLEV system at the time of the examination and tet;

. information on thentended performance of the LEV plant and the way it should be
used;

*  methodsused tojudge the performance of the LEV system and whether it achieves the
required performance;

. results ofoutine ventilation measurements;
. results of tests ofconcentration of airborne material;
*  request for remedialaction with details of repairs or modifications needed.

56 Inthe pro forma, space may be alocated for a diagram of the LEV plant layout to
indicate test points, plant location and performance values. This will make the examination,
testing and maintenance of the LEV plant easier. It may not be necessary or possible to fill in
every space on the pro forma. However, much of the information it contains is required to
compare with measurements taken on the test, and it can be used to form ajudgement asto
whether the system is still performing as it should.

57 The record of the examination and test should be kept by the employer for at least five years,
and a copy should be available at the workplace in which the LEV plant concerned is located.

Records, reporting and action 17
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Appendix 1 |
Information required of
anLEV system

This pro forma is an example of recording the data required for monitoring an LEV system.
For more detailed information, you should consult the COSHH ACOP®,

Name and address of company

Department or site

L ocation of plant

Identification of plant

Hazardous substances controlled by plant

Type of plant (see aso section on sketch of plant layout)

Appendix 1 Information required of an LEV system 19
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Fan specification (provided by the supplier)

Fan details: maker
seria no
Fan type (eg guide vane, bifurc, Max design speed
forward bladed)
Axia rpm
Centrifugal
Fan speed rpm Motor: maker
Speed rpm

Drivetype Motor power
direct v-belt other kW
Duty: Volume flow rate m¥s Voltage phase

Static or tota pressure Pa

Air power kKW
Inlet dia mm Full load current
Outlet dimensions mm amp

Primary air cleaner details. * Static pressure Test
Maker inlet Pa
Serial no outlet Pa
Filter area m® | across Pa
Design volume flow m¥s | change at Pa

* same will apply for second air cleaner

20

Appendix 1 Information required of an LEV system




Maintenance, examination and testing of local exhaust ventilation

|dentification and location of system

Sketch of plant layout: label ventilation plant items and number measurement positions

Inlet points, showing the design values for performance

(see sketch)
Point | Type Face Duct | Area | Face | Duct | Flow | Comments
no of inlet | dimensions | dia vel vel rate

(mm) (mm) | md) | (my | (M) | (M%)

Appendix 1 Information required of an LEV system 21
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Results of routine ventilation measurements

Test valuesfor inlet points

Point | Date | Static Air Volume | nstrument Comments
pressure velocity | flow used
(Pa) (m/s) (m%s)

Conditions at time of test

Results of visual inspection

Describe any defects found in any parts of the ventilation system and state what remedia

actionisrequired

M easurements/inspection made by

Name

Date

22
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Appendix 2
easurement of plant
performance

The measurement of plant performance would include:

*  Enclosures - measuring the negative static pressure between the inside of the enclosure
and the workroom to check whether it is negative.

*  Booths/fume cupboards - taking the air velocity on al openings where pollutants can escape
into the workroom, ie face velocity. It may be necessary to divide the opening into imaginary
equd area rectangles, take avelocity reading in the centre of each and take an average of those
velocities. This is useful to ascertain how evenly distributed the air flow is (known as velocity
profile). Ideally any one reading should not be more than 20% greater or less than the average.
Fume cupboards and microbiologica safety cabinets can aso be further tested according to
appropriate BS or CEN Standards. (Figure 3 shows an example of measurements being taken.)

* Hoods, canopies - in addition to the smoke or dust lamp checks, the face velocity should
be measured. As with booths above, where the hood or canopy is large, it may be necessary to
divide the opening into imaginary rectangles and take a velocity reading in the centre of each.
Also, it may be useful to measure a static pressure in the duct serving this unit about four duct
diameters downstream from where it is connected.

» Sots- asthese can be long and narrow it will be necessary to take air velocity readings at
equidistant points along the entire length. The readings should be averaged, but in awell-
designed system no individual reading should be more than 20% above or below the average.
Also, it may be useful to measure a static pressure in the duct serving this unit close to where it
Is connected, or if the dot is on the side of a plenum (enclosure behind the dot) then the
plenum static pressure could be measured.

*  Ducts - where possible, take the air velocity in each duct serving the capture device.
A straight section of duct should be chosen well downstream of bends and other sources of
turbulence.

*  Fans - measuring the static pressure &t inlet to the fan and the volume flow rate passing
through the fan. The volume flow rate could be measured on the inlet or outlet of the fan
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provided there is areasonably straight section of duct in which to take the readings, ie well
downstream of sources of air turbulence. 1f the fan is v-belt driven, it is advisable to measure
the number of revolutions of the fan shaft with a tachometer.

»  Filters - checking the static pressure at the inlet, outlet and hence across the filter. If it
has a fabric filter medium and a shake down cleaning device, it is advisable to operate the
shake down prior to taking any air flow measurements in the system. Where pressure gauges
are fitted to a filter, their accuracy should be measured by comparing them with arecently
calibrated pressure gauge. Normally the volume flow rate passing through the fan should be
the same as that passing through the filter, but if it is not then the filter flow rate should be
measured.

o Soecialfilter tests - with highly toxic dusts the quality of filtration must be of a very high
standard, and high efficiency filters (HEPA' or 'absolute’ filters) are used. Their efficiency
may have to be tested in situ according to a procedure following the appropriate British,
European or SO standard, which will may involve a specialist tester.

*  Wet scrubbers - measuring static pressure at inlet and outlet, and value of water pH if
that is essential to the scrubbing operation.

Face of booth divided into imaginary rectangles

o
b Meter placed
in midpoint of
each rectangle

Air velocity is measured at a series of
positions across the face of the booth

Figure 3 Measurement of face velocity on abooth
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Appendix 3 |
easurement of static
and velocity pressure

Static and velocity pressure techniques

. Static pressure(see Appendix 6) is measured at right angles to the direction of air flow 0
as not to be affected by air velocity. Holes will need to be drilled or nozzles brazed to the side
of the duct at the appropriate places, ie in the duct behind a hood, at the inlet and outlet of a
filter, at the inlet to a fan. Measurements are taken by connecting a pressure gauge to the
nozzle or side tube of a pitot-static tube inserted in a hole by means of flexible tubing.

The bore size is normally about 6 mm but some instruments take narrower bore tubing.

. Velocitypressure is a means of determining air velocity in ducts. It is measured by
means of a pilot-static tube (described later) connected to a pressure gauge. This pressure has
to be converted to velocity using an equation given in Appendix 6. Holes of no more than
10 mm diameter are drilled in the duct, at the point where an air velocity is required, being
careful to avoid places loo close to a source of turbulence. The pitot-static lube is inserted
through the hole and is pointed so that the air blows into the central hole and the side holes are
at right angles to the flow. A sketch of a pitot-static tube is shown in Figure 4.
Instrumentsfor measuring static pressure
*  The most convenient pressure gauges (manometers) are either:

electronic, containing a pressure transducer;

mechanical, containing a pressure sensitive diaphragm,;

liquid in glass, vertical or inclined.

*  Thesanstruments usually have two nozzles, one for positive and the other for negative
pressure. These are usually labelled.

. The gauges can becalibrated in a variety of units - Pascals, mm of water, millibars, inches
of water - but the Sl unit of Pascd is preferred. The range of such instruments should be from
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0-5000 Pa (Pascadl), in increments of 50 Pa between 0-500 Pa and then in increments of 5 Pa.
This may mean having more than one instrument.to obtain the full range and precision.

. Liquidilled gauges are available and can be extremely precise. However they are difficult
to use as the base of the instrument has to be truly horizontal, and there isarisk of air bubbles
forming in the liquid. Liquid can be sucked or blown out of the instrument by careless connection
to apressure that istoo high. Furthermore, they are bulky and take care and time to obtain a
reliable reading. However if tests have to be made requiring precision to the level of aBritish or
ISO Standard, then they should be used as they are inherently free of calibration problems.

. Liguid manometers andmechanical diaphragm gauges require no electrical power and
can be used in flammable atmospheres.

Annular openings measure Direction of airflow
static pressure Ps

A Front opening measures
f/(ﬁ *~— e total pressure (Pt), ie the sum
: of static pressure (Ps) and
dynamic (velocity) pressure (Pd)

Tubing
2 Alignment arm

ﬂ N _—— Tubing

—~—— Inclined gauge or other
suitably sensitive manometer

Note: The manometer measures dynamic pressure Pd, ie the difference between
total pressure (Pt = Pd + Ps) and static pressure (Ps).
Air velocity (V) is calculated from V=1.29VPd
Where V is m/s and Pd is in Pascals (readings at 20°C and 1.013 bar).

Figure 4 Pitot-static tube
Pitot-static tubefor measuring static and velocity pressure
. Thisigllustrated in Figure 4 and consists of two concentric tubes. The inner tube has a

front opening which is pointed into the flow. The outer tube is sealed at the front but has
annular openings around the periphery. When the central tube is pointing into the air flow the
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annular openings are at right angles to the flow direction. At the other end each tube has a
separate nozzle to which plastic or rubber tubing can be attached. When the two nozzles are
connected to each side of the gauge the reading is indicating velocity pressure or dynamic
pressure.

. If a static pressure is rquired, the gauge is connected to the outside tube only and
provided the pitot-static tube is placed correctly, the gauge will show static pressure.

. If velocity pressure igequired, both nozzles should be connected to the pressure gauge,
the central tube being connected to the positive side and the outside tube connected to the
negative side of the pressure gauge. When the pitot-static tube is placed in the duel as shown
in Figure 4, the gauge will indicate velocity pressure. This value can then be converted to
velocity by using the appropriate equation given in Appendix 6. Some pressure gauges have
the facility to convert velocity pressure to velocity electronically.

. Simultaneousmeasurement of static pressures a various positions in the system may
enable the different parts of the LEV system to be monitored (see Figure 5).
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Test point 3 (_Test point 4
Testpoint 1  Test point 2 (negative) (positive)
(negative (negative) |
- Dust
collector
Exhaust or filter
hood
Static pressure at test point compared Typical fault
with normal
1 2 3 4
Normal | Normal Normal | Normal System operating normally
Low High High Low Blockage in duct or closed damper between
points 1 and 2
Low Low High Low Blocked filter dust collector
High High Low High Missing or damaged filter
Low water level in wet dust collector
Low Low Low Low Faulty fan; incorrect fan speed, slipping drive
belts, deposits on or damaged blades,
incorrect electrical wiring
High High High Low Build-up of dust and debris in, or blockage of,
hood etc
Low Low Low High Blockage in exhaust stack

Figure 5 An example of the use of static measurements for fault finding in a simple exhaust ventilation
System
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Appendix 4
Alr velocity measurement

MEASUREMENT
Air velocity can be measured using various instruments.

. Air velocitiesvithin ducts above 3 m/s can be measured by the pitot-static tube and
gauge as described in Appendix 3, but velocities below 3 m/s and in places outside ducts need
to be measured by other means. These include:

rotating vane anemometers which look like windmills with diameters from 15 mm up to
150 mm (see Figure 6);

thermal anemometers which are thin probed with a sensing head a one end;
swing vane anemometers which are bulky and tend to distort the flows being measured.

. These types oinstrument are connected to a meter either rigidly or via a flexible cable,
and are normally calibrated in metres per second (m/s) or feet per minute (ft/min) or both.
The S unit of m/s is preferred.

» Rotating vane anemometers are sensitive to flow direction and can be used to determine
air flow direction. They lose precision at velocities below 0.25 m/s. Some are mechanical
devices where the number of turns of the vanes are timed by a stopwatch or other timing
device. From this the air velocity is calculated. Thistype can be used in flammable
atmospheres as there is no electrical power required. More commonly the meters are
electrically powered, counting electrical pulses created by the vanes as they rotate. Electrical
vane anemometers are available in an intrinsically safe version if required.

. The vanes on these anemometers arecarefully angled and the rotor is delicately balanced
onjewelled bearings. They require careful handling o as not to disturb their settings. On no
account should the vanes be touched or placed on a surface where projections touch them.

If there is any reason to suspect that the vane angles have been atered or the balance of the
rotor affected, then they should be returned to the maker for repair and recalibration.

. Rotating vanes arenot ideal for measurement in ducts as the size of hole required to
insert them can be quite large. Nor are they suitable for measurement of air velocity in narrow
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dots or small openings, as it is necessary for the head of the instrument to be narrower than the
opening being measured. Furthermore the presence of a bulky instrument may alter the
velocity and direction of the air flow being measured.

»  Thermal anemometers have a heated sensing head which responds to the cooling power
of air flow. Most types have a second sensor which compensates for air temperature. They
should not be used in flammable atmospheres as an electric current is passed through the
sensing head. Neither can they be used to determine the direction of air flow unless the head is
specially shielded. They lose precision at about 0.1 m/s. Thermal anemometers can be used
for measurement inside ducts as they are sufficiently narrow to be inserted into asmall hole.

. As they are narrow, thesanstruments are ideal for measurement in small openings such
as dots and they disturb the airflow patterns far less than the more bulky vane anemometers.

*  Swing vane anemometers are cumbersome to use and a range of fittings are needed for
different applications.

Figure 6 Typical vane anemometer used to measure air velocity
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Appendix5
se of flow visualisation
techniques

Flow visualisation techniques

. Smoke is a veryuseful guide to seeing where air is flowing. It is particularly useful
around the mouths of hoods, canopies and slots to see the distances from which the hood can
draw air. It is useful for releasing inside a booth or enclosure to see if the face velocity or
negative pressure is sufficient to prevent air from escaping. You can also observe the air
turbulence around the edges of booths.

. There areseveral devices that can be used to generate smoke depending upon the
amounts required.

» Small scale - air current tubes are available which consist of glass tubes 6 mm in
diameter and 100 mm in length. These contain crystals which fume with a white smoke when
air is passed through them. The technique isto break the sedled ends of the tube and attach a
small rubber puffer to one end. As the puffer is squeezed a cloud of white smoke appears at the
other end. This smoke is then puffed around the areas to observe the flow patterns. The smoke
produced is not very stable and quickly disperses or disappears.

*  Medium scale - theatrical smoke producers are useful for observing the success of control
of booths and fume cupboards. They can be used to identify the stacks of these devices when
the duct runs are not easily traced within abuilding. The most common types of device have a
heated plate, a fan and generally an outlet nozzle of 100-150 mm diameter. Oil or a liquid
containing glycerol is dropped on to the hot plate. This produces large amounts of white
smoke which are blown out through the nozzle by means of the fan. The smoke produced is
reasonably stable and will remain visible for several minutes. It will survive being drawn
through ductwork and fan to appear at the top of the stack.

. A useful techniqueusing this type of smoke producer is to place it inside a booth or fume
cupboard, st it running and stand sideways to the face of the booth to see whether the smoke
is contained.
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» Largescale - companies that manufacture fireworks produce smoke bombs which are lit
with aflame to release copious quantities of stable coloured smoke. These devices are released
inside large buildings to trace the path of air as it leaves the building through extract
ventilation systems and roof fans. This isto see whether the extracted air re-enters the
building. Thistest is normally undertaken at a weekend when staff are absent.

Warning - care should be taken with the use of these devices as some people may react to
the smoke produced. Smoke from some generators may contaminate surfaces. Furthermore, all
these smoke producers will activate smoke alarms, therefore the alarms should be temporarily
deactivated before use.

The dust lamp (Tyndall beam)

. When a strong beam ofight is passed though a cloud of dust particles, the light is scattered
making the particles more visible. This is more pronounced if the background is dark and you
view the particles by looking towards the lamp, but shielding your eyes against direct glare.

. Spot lamps with an elliptical reflectormake the ideal source, but they need to be portable
and they are usually battery powered. The light source needs to be on a stand, such as a tripod
or clipped to agirder, o that it can be directed into a cloud of dust being released from a
production process. If the lamp is positioned correctly, it is possible to observe the movement
of dust in relation to the mouth of the extract system and the breathing zone of the operator.
From this ajudgement can be made on the success of capture.

. HSE hagoroduced a guidance note on the use of the dust lamp (MDHS82Y).
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Appendix 6
Equations used in LEV
testing

Air density, symbol p, unit kg/m® (kilogramme per cubic metre)

Standard air density is 1.2 kg/m®. This corresponds to air at 20°C and 1013 mb barometric
pressure.

For most occasions it will be possible to use standard air density, as most LEV systems handle
air at close to standard conditions. However, should the air be hot or the location be in a deep

mine or at atitude above 1000 m, it may be necessary to correct for the actua air density using
the following equation:

12x293xb

= kg/m
Por (273 +1) x 1013 y

3

where: b = barometric pressure in mb, t = air temperature in °Cand p, = air density &
barometricpressure b and temperature t.

Air velocity, symbol v, unit m/s (metres per second)

When air velocity is measured using an anemometer it isusually indicated on the meter.
When a pitot-static tube and manometer are used it may be necessary to calculate the air
velocity.

Note: some pressure gauges have the facility to display velocity directly when connected to a
pitot-static tube, either at standard air density or at a pre-calculated density, having first
entered the barometric pressure and air temperature.
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The equation for calculating air velocity from a pitot-static tube reading, known as velocity

pressure or dynamic pressure symbol p, and expressed in units of Pascal (Pa), which isthe
same as Newtons per square metre,

2p\ +
5 m/s

or v = square root of the result of taking two times p, divided by p.

If pisat standard density of 1.2 kg/m® then the equation can be simplified to:
v=1.29Vp, m/s orv = 1.29 times square root of p..

V =

Volume flow rate, symbol Q, unit m*s (cubic metres per second)

Volume flow rate is caculated by measuring the average air velocity at a location and
multiplying that by the cross-sectional area of the airway at that location:

Q=vXxA m’s whereA = cross-sectiona areain m* (square metres).

Note: as air moves faster in the centre of a duct than it does close to the edges, it may be
necessary to take severa readings across the duct and make an average of those results.

The exact positions are defined in British Standard 848. However, for LEV tests under
COSHH it may not be necessary to be so precise unless the measuring station is near to a
source of turbulence. A centre reading of velocity multiplied by 0.85 will give a satisfactory
approximation of the average velocity.

Area, symbol A, unit m? (squar e metres)

With circular ducts, the cross-sectiona area is calculated by measuring the duct diameter in
metres and substituting it in the equation:

where d = duct diameter in metres (not millimetres).
Static, total and velocity pressure

Static pressure s, in effect, the difference in barometric pressure between two points but expressed
in the more precise unit of Pascd rather than mb. 1t is measured at right angles to the flow.

Total pressure is the sum of static and velocity pressure and is measured into the flow.
Static pressure can be either positive or negative but velocity pressure is always positive.

Velocity pressure represents the kinetic energy of moving air.
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