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The importation and use of all asbestos in Great Britain (GB) was banned by 1999.
However, asbestos can be present in buildings constructed or refurbished before
2000 and continues to be removed as part of ongoing risk management. Only HSE
licensed contrac tors can undertake higher -risk removal work.

This research aimed to assess compliance of work practices and exposure control
measures with HSE guidance during licensed asbestos removal in GB. HSE

scientists visited eight removal sites between 2016 - 2019. The scientists monitored
airborne fibre conce ntrations and observed working practices during the removal of
asbestos insulating board, insulation and sprayed coating.

Removal contractors participated voluntarily; as the findings below represent work
under HSE observation they may not be representative of the licensed asbestos
industry as a whole:

1 Fibre suppressant was not used consistently when dismantling polythene
enclosures.

Wetting of material prior to removal was observed on seven sites.

On one site, sections of an enclosure being dismantled were re -used in a new
enclosure. Enclosure materials should not be re  -used but disposed of as
asbestos waste.

1 Smoke tests were not consistently undertaken after either work breaks or when
repairing enclosure leaks.

Power tools were used on or near asbestos  -containing material on one site.
Equipment used during asbestos removal was removed from the enclosure
without adequate containment to prevent the spread of asbestos.
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These findings will help inform HSE site interventions
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Key Messages

The requirements in the Control of Asbestos Regulations 2012 are designed to prevent or
minimise exposure to asbestos. Where those employing asbestos removal workers comply
with the detailed requirements and guidance in the Approved Code of Practice L143 and
associated HSE guidance, they will be protecting their workers so far as is reasonably
practicable.

The aim of this research was to assess compliance with HSE guidance during licensed
asbestos removal work in Great Britain (GB). HSE scientists visited eight removal sites
between 2016-2019 and observed work practices and control measures utilised
throughout the process. The most frequently removed licensed asbestos materials were
included, ie asbestos insulating board (AIB) and asbestos pipe insulation. Air monitoring
was conducted, by drawing a known quantity of air through a filter via sampling pumps.
The pumps were either attached to workers (personal samples) or single location (static air
samples).

This was a data gathering pilot study and was not intended to be representative of the
removal industry. The work presented in this report was undertaken with removal
contractors operating under direct observation by HSE scientists. The results should
therefore be viewed as not necessarily representative of work practices when HSE
scientists were not present. The research identified the following.

1 Polythene enclosures used to contain asbestos during removal were constructed in
line with HSE guidance on all sites visited.

1 Only one site used Polyvinyl Acetate (PVA) spray on enclosure sheeting during the
dismantling of enclosures after stage 3 of the 4-stage clearance had been
completed. HSE guidance specifies this as a control measure for this task.

1 The wetting of asbestos containing materials (ACMs) prior to removal was observed
in accordance with HSE guidance on seven of the eight sites. Wetting of AIB panels
prior to their removal on the other site was inconsistent.

1 On one site, some parts of the enclosure, including polythene sheeting, were re-
used to form part of a new enclosure. HSE guidance states that all enclosure
materials should be disposed of as asbestos waste when the enclosure is
dismantled.

This research has also highlighted the need for adequate supervision and training to
ensure that the adopted work methods are being correctly implemented and so reducing
asbestos exposure to levels as low as reasonably practicable.



Executive Summary

Background

The Control of Asbestos Regulations, (CAR) 2012 (HSE 2012) aims to prevent or minimise
exposure to asbestos by ensuring that asbestos containing materials (ACMSs) in buildings
and premises are properly managed. Asbestos removal workers can disturb or break
ACMs as part of their work. This work carries a risk of exposure to asbestos. Unless
effective control measures are in place, there may be risks to the removal workers and
those adjacent and those who reoccupy the space later. Asbestos removal which requires
a |licence under CAR 2012 is defined as work w
and where it cannot be clearly demonstrated by risk assessment that the control limit (0.1
fibres per millilitre of air averaged over four hours) will not be exceeded. Removal work
that is identified as likely to exceed the control limit includes work on surface coatings
(excluding textured decorative coatings), asbestos insulation or asbestos insulating board
(AIB).

The Approved Code of Practice (ACOP) L143 (HSE 2013a) specifies how licensed
removal must be carried out to prevent or minimise exposure and spread of asbestos.
Among the control measures outlined are temporary polythene enclosures constructed
around the removal area and placed under negative pressure via negative pressure units
(NPUs), shadow vacuuming using H-type vacuum cleaners, wetting of ACMs prior to
removal, careful handling to prevent breakages and personal decontamination methods.
The ACOP also identifies that in the case of licensed asbestos removal, all asbestos
workers must use and be trained in the use of full-face powered Respiratory Protective
Equipment (RPE) fitted with a P3 filter for this type of work.

Aim

The aim of this work was to provide an update on the control measures used by asbestos
removal workers and whether HSE guidance relating to licensed asbestos removal, HSG
247The | i censed c ¢HSE 2086y, was bendfollgwed. d e

Methods

HSE scientists visited eight sites between 2016 - 2019, to observe work practices and take
air samples during licensed asbestos removal. Licensed asbestos removal contractors
(LARCs) were invited to participate in this project. The selection of sites was therefore
unlikely to be representative of the asbestos removal industry as a whole and depended
on who responded and the type of work they were undertaking. The sites were chosen to
cover a range of ACM types, including AIB, insulation and spray coating. These materials
are either the most common ACMs (in particular, AIB), or highly friable materials (spray



coatings) most likely to release asbestos fibres when disturbed. Personal and static air
monitoring samples were taken for all work tasks, from the beginning of work on site up to
the completion of the clearance procedure (which marks the end of removal work). Work
carried out inside enclosures was recorded by closed circuit television (CCTV) to allow
HSE scientists to monitor working practices. However, CCTV did not cover enclosure
construction, smoke testing, limited decontamination or dismantling of enclosures.

All air monitoring samples were analysed by phase contrast microscopy (PCM) to

determine the total respirable fibre concentration. The standard method for this type of
analysis is described in HSG 248: The Anal yst
was done between 2016 - 2019 when HSG 248: The Analyst Guide Edition 1 (HSE 2005)

was the guidance. Further analysis by transmission electron microscopy (TEM) was

undertaken on selected samples, to allow discrimination between fibre types and

determine airborne asbestos fibre concentrations and worker exposures. The study

included personal monitoring during the entire process of asbestos removal, from setting

up enclosures, asbestos removal within the enclosures, the 4-stage clearance, enclosure
dismantling and waste removal.

Findings

Control measure use

Enclosure construction witnessed during the eight site visits generally followed HSE
guidance. Leak tests carried out during removal work indicated that the enclosures were
effective in containing airborne asbestos fibres during the work. On two sites the surfactant
used to wet ACMs before removal was observed leaking from the enclosure. This
highlighted the importance of ongoing visual checks of enclosure integrity to prevent the
spread of asbestos outside the enclosure. Smoke tests were inconsistently applied and
seldom used after weekend breaks in work or after leaks in the enclosure has been
repaired. On three sites, leaks in the enclosure were quickly fixed in less than 15 minutes,
but on two sites it took between 45 minutes and an hour to locate and fix the leaks. Whilst
pre-wetting of ACMs was generally carried out according to HSE guidance, it was
inconsistently applied on some sites and usage generally decreased during the duration of
a removal job. Power tools, eg reciprocating saws and hand-held power breakers were
used near ACMs during removal work. This increased the likelihood of releasing asbestos
fibres. On Sites 3 and 5, removal workers were observed to manually pull down and break
AIB panels, to speed up the work.

LARCs were observed implementing the enclosure airflow management method outlined
in the ACOP and all had written procedures for measuring and calculating the airflow into
the enclosure. These procedures were followed when HSE scientists were on site.
Although on at least one occasion the NPU airflow was subsequently found to be
incorrectly calculated. Strong wind was also observed to affect enclosure airflow
management on one site.



Methods used for dismantling enclosures deviated from HSE guidance, HSG 247 (HSE
2006) on seven of the eight sites. PVA spray was only used on one site to seal dust and
fibres on to the polythene sheeting as part of the enclosure dismantling. The use of PVA
spray at this stage is specified in HSE guidance and is intended to minimise the release of
any fibres and dust adhering to the surface of the polythene through static electricity
before being bagged and disposed of as asbestos waste. If LARCs deviate from this
guidance they need to be able to demonstrate with evidence that they are still compliant
with regulations.

On one site, some elements of the enclosure, including polythene sheeting were
repurposed to form part of a new enclosure on the same site. HSG 247 (HSE 2006) states
that polythene sheeting should be disposed of as asbestos waste and not be reused in this
way as there is a risk of it being contaminated with asbestos. On Site 5, equipment was
removed from the enclosure without adequate decontamination and bagging.

Fibre concentrations during wet removal

Fibre concentrations measured during the removal of wetted ACMs were lower than when
HSE last carried out similar research (Burdett,1999). Previous HSE Guidance on wet
removal methods has been updated in HSG 247 since this earlier research and it is likely
that these improvements contributed to this reduction. It is also likely that implementation
of guidance by LARCs has improved.

Airborne fibre concentrations varied significantly for similar tasks on different sites and it
was difficult to make meaningful comparisons with the data available. There were
variations for the same task or activity and no obvious reason for these differences.
However, higher fibre release is likely to be caused by a greater disturbance of the ACM.
For any given ACM, the fibre release will be greater, the drier the material is.
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1 Introduction

1.1 Background

Since 2004, the asbestos regulations (currently Control of Asbestos Regulations - CAR
2012) have required duty holders to manage asbestos on their properties to prevent
exposure to asbestos fibres or reduce to as low a level as is reasonably practicable. When
ACMs are in poor condition, likely to be damaged or disturbed and cannot protected, or a
building is being refurbished or demolished, they should be removed.

ACMs are split into two categories with respect to removal (or other work activities); those
that require a company to hold an HSE licence to remove them and those that do not.
Materials which require a licence (to work on) are those which are inherently more
hazardous, ie contain higher proportions of asbestos and / or are more likely to release
fibres when disturbed. Licensed materials comprise asbestos insulating board (AIB),
asbestos insulation and asbestos coatings (surface coatings which contain asbestos for
fire protection, heat insulation or sound insulation but not including textured decorative
coatings). The detail of how different work is categorised can be found in CAR 2012 and
the associated Approved Code of Practice (ACOP), L143 Managing and working with
asbestos (HSE 2013).

Regulation and guidance relating to asbestos removal has the aim of reducing worker

exposure and the spread of asbestos fibres. Guidance also ensures that, where
appropriate, fAremoval 0 areas are in satisfact
work is completed. This, together with better technical controls should decrease the risk of

exposure to asbestos during the removal process over time.

The CAR ACOP, revised in 2013 (HSE 2013a), outlines the measures to be taken when
working with asbestos, including removal work. The ACOP also specifies that the LARC
must have a risk assessment and plan of work (POW) to cover the proposed work
activities. This is sometimes known as a risk assessment and method statement (RAMS).
This report uses the term POW, unless otherwise identified by the LARC. More detailed
sets of working procedures for asbestos removal and assessment for reoccupation of
areas after removal are given in HSE guidance, HSG247 (HSE 2006) and HSG248 (HSE
2021a).

The aim of this guidance is to direct employers to what should be done to prevent or
reduce worker exposure to asbestos to as low as reasonably practicable. One way to
assess whether these changes have had the intended effect is to carry out on-site
measurements of airborne fibre concentrations whilst asbestos removal work is
undertaken. However, any sampling exercise will only give a snapshot of exposure at the
time of sampling. It is a regulatory requirement in the UK that air sampling is carried out by
analytical companies that are accredited to ISO/IEC 17025:2017 by the United Kingdom
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Accreditation Service (UKAS). This includes personal monitoring, which allows employers
to properly assess the risks associated with their work. However, this data is held by
individual removal companies and is not publicly available. Additionally, for this data to be
useful, it must include accurate contextual descriptions. This research work allows HSE to
collect its own data and record observations to assess the working practices and control
measures in use.

1.2 Project setup

The main aims of the work were to provide an update on the exposures of asbestos
removal workers and to assess compliance with HSE guidance relating to licensed, high-
risk asbestos removal. This was achieved by visiting eight sites for the entirety of the
removal process from enclosure construction to the dismantling of the enclosure after the
four-stage clearance procedure (4SC). A range of airborne fibre measurements, including
static and personal monitoring were collected, together with direct observations of work
practices, supported by CCTV recordings of works undertaken inside asbestos removal
enclosures.

This report focuses on the effectiveness of control measures during licensed asbestos
removal on the eight sites visited and observed work practices. All licensed asbestos
removal contractors (LARCSs) that took part in this project, did so voluntarily. Individual
workers were able to opt out, even if the LARC had agreed to participate. HSE scientists
selected the sites from work the volunteer LARCs were carrying out. LARCs were
informed in advance that the objective of the research work was to observe and monitor
the various site activities.

13



2 Methods

2.1 The selection of volunteer companies and removal sites

The recruitment of volunteer LARCs was assisted by the two main asbestos removal trade
association bodies, the Asbestos Removal Contractors Association (ARCA) and Asbestos
Control & Abatement Division of the Thermal Insulation Contractors Association (TICA-
ACAD). HSE produced a short description of the project, which included a summary of
what would be required from the volunteer LARCs, which was distributed by ARCA and
ACAD to their members. The information was also published on the Asbestos Licensing
Community Forum on the HSE website (this service is no longer available). LARCs were
encouraged to reply directly to HSE and further information on the project was given on
request. The project information sheets are reproduced in HSE Research Report 1176
(HSE 2021b).

Initially, 10 one-week site visits were planned. However, as the project developed, this was

changed to eight site visits: six of one week and two of two weeks duration. Given that

there had been approximately 35,000 licensed removal notifications per year for the
previous five years in GB (according to inter
Unit) and the total number of licence holders, around 400 during this period, it was not

possible to make the selection of eight sites and companies representative. The very

nature of asking LARCs to volunteer probably resulted in only those that were confident

that they could demonstrate best practice came forward. The type of material being

removed was also considered to ensure that the study included as wide a variety of

material types as possible.

Whenever a LARC had agreed to take part, their asbestos removal notifications to HSE
were monitored to see whether they were planning to undertake work that would be
suitable for the project. All LARCs must notify upcoming licensed work to a central HSE
database by filling out an ASB5 form and submitting it online at least two weeks before the
job is scheduled to start. The ASB5 form details the duration of the job, the address of the
planned removal work, the material type and amount being removed and name of the
client. Volunteer LARCs were also asked, wherever possible, to let HSE know if there
were any jobs planned that might be suitable but had not yet been notified. Suitable sites
were initially considered to be where the work was approximately one week in duration.
The intention was to ensure as far as possible that the removal of different ACM types was
included. Discussions with volunteer LARCs and monitoring of notifications to the ASB5
database by HSE scientists indicated that AIB was the most common type of material
notified being removed at that time, with insulation and sprayed coating being significantly
less common. Another common type of work was the removal of small amounts of debris,
often insulation debris left behind after previous poor removal jobs and sometimes referred
to as an Aenvironment al cleand. The Asbestos

14



published guidance on Asbestos O0Cleans6 (Envi

Network 2021).

Following the identification of a suitable site, agreement was sought from the LARC to visit
(unless the site had been specifically put forward by the LARC, as was the case for one
site). Only one LARC refused to allow HSE scientists access at this stage, saying they did
not feel the site was suitable as it was too small to accommodate both the required
number of removal workers and HSE scientists. No suitable site was identified during the
remainder of the project for this LARC.

Later in the project, jobs lasting two weeks were included to ensure that a greater volume
of samples could be taken and so that the removal of sprayed coating could be included.
Sprayed coating jobs of this type tended to last longer than a week.

The recruitment of LARCs and sites was significantly more difficult than anticipated, with
only a relatively small number of LARCs volunteering to take part and consequently only a
small number of ASB5 notifications to monitor. Eleven LARCs volunteered after receiving
information about the project and only five were included in the project. In the original
project plan, it was anticipated that there would be a two-month gap between site visits.
However, the difficulties in recruiting LARCs and selecting sites resulted in a gap of six
months, on average, between visits.

For Sites 6, 7 and 8, the target ACMs were insulation and sprayed coating. However, the
volunteer LARCs did not have work of this type within the time constraints of the project.
Therefore, a slightly different approach was taken for selecting sites for these ACMs. The
ASB5 database was monitored for all jobs where these types of material were being
removed. When suitable jobs were identified, the LARC was contacted and asked whether
they would be happy for HSE to visit the site in question. A total of ten companies were
contacted in this way, with five responding. One agreed to a visit at the site suggested and
four said they would be happy for HSE to visit a different site, either because they felt the
chosen site was not suitable or there was not enough to time to arrange a visit before the
scheduled end of that job.

Consideration was also given to the type and size of volunteer LARCs with a view to
observing a range of different companies. However, whilst a range of companies did take
part, the small number of LARCs that volunteered meant that the priority was whether the
material being removed was suitable for the project. A description of each of the sites and
associated LARC is given in Table 1 below.
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Table 1 Summary of each volunteer LARC, type of building and ACMs removed

Site visit Number

LARC description

Material type and
amount of ACM
being removed

Type of building
(occupied or not)

northeast of England

debris in 5 linear
metres of ducts

1 ARCA member Asbestos Insulating University building
based in the north- Board (AIB) door basement (occupied,
west of England headers and for refurbishment)

boxwork - 8 m?

2 ACAD member with | AIB debris - 12 m? Post office
offices across the (area size said to be | (unoccupied, for
UK. contaminated in refurbishment)

survey)

3 National Federation | AIB partition walls - Office (unoccupied,
of Demolition 16 m? for demolition)
Contractors (NFDC)
and ARCA member
based in the East of
England

4 ARCA and ACAD AIB casing to steel Factory (unoccupied,
member based in the | columns - 6 m? for demolition)
north-west of
England

5 ARCA member AIB Ceiling - 50 m? Shopping centre
based in Essex (unoccupied, for

refurbishment)

6 Based in Essex. Not | Spray coating to Office (Occupied, for
a trade association steel beams 80 linear | refurbishment)
member. metres

7 NFDC and ARCA Insulation debris - University laboratory
member offices (unknown quantity of | building (unoccupied,
across the UK debris in 3 risers and | for demolition)

behind two radiator
housings)

8 NFDC and ARCA Pipe Insulation -1 University
member based in the | linear metres and accommodation

building (unoccupied,
for demolition)

An analytical company was present on all sites visited by HSE during this work. Their
activities included carrying out air monitoring during the removal work and the 4SC
procedure at the end of the removal work. The analytical companies operated
independently from H S E activities. The different analytical companies were also informed
in advance of the HSE site visit and sent information sheets about the project. There was
normally at least one employee from the analytical company on site and occasionally,
where the company required, two or three. In this report they are referred to as the 4-stage
clearance analyst (4SC analyst).
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2.2 Overview of work on site

Two HSE scientists were present for each site visit. In most cases, the visit covered the
beginning of work, enclosure construction, asbestos removal, the 4SC and continued until
the enclosure had been dismantled. Static air monitoring was carried out throughout to
assess airborne fibre concentrations during all aspects of work. Personal monitoring was
performed for all work activities, where possible.

The work on each site followed a common schedule of enclosure construction (Figure 1),
removal work, an inspection by the site supervisor, the 4SC carried out by an independent
analyst and enclosure dismantling. The duration of each stage varied from site to site and
for some sites there was more than one enclosure, meaning there were multiple 4SCs. For
enclosure work, removal workers generally worked in two shifts one in the morning and
one in the afternoon, with a break in between. The shifts varied in length from one to four
hours depending on the site and the type of work being carried out.

Most air samples were analysed on site using phase contrast microscopy (PCM). All filters
were cut in half before sample preparation for PCM analysis, so that further analysis by
transmission electron microscopy (TEM) could be performed to determine the actual
asbestos fibre concentration.

HSE scientists observed all aspects of the work, and all observations were recorded in site
notebooks and on sampling sheets. Documentation for each site visit, including risk
assessments and plans of work were normally obtained from the LARC in advance of the
site visit. This gave HSE scientists advance knowledge of and the planned approach to the
proposed work. Work inside the enclosure was monitored and recorded using CCTV
cameras. These cameras were set up during enclosure construction and then
decontaminated as part of the 4SC procedure.
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Figure 1 An enclosure being constructed on a removal site visited by HSE scientists

2.3 Sampling methods

2.3.1  Air sampling

HSE scientists carried out personal and static sampling using low-flow personal and high-
flow static air sampling pumps, as appropriate. The sampling was carried out in
accordance with guidance set out in HSG248. Sample flowrates were selected to obtain as
large a sample volume as possible, without overloading the filter with particles. Personal
samples were taken over the whole duration of a shift where possible (Figure 2). On some
sites the work created an unexpected level of dust, and some filters were overloaded as a
result. Whenever this occurred, flowrates were reduced for subsequent shifts. Details of all
air monitoring samples can be found in Appendix A.

The sample flowrate, duration and volume of air sampled were recorded for each sample
taken. For personal samples, the name of the worker, the activity being carried out and the
type of respiratory protective equipment (RPE) worn were also recorded. For the purposes
of this report, workers names are not used. For static samples, the location and type (eg
background, leak test or reassurance) were recorded.

18



Figure 2 A removal worker wearing a sampling pump before removing waste from the
baglock of an enclosure

On Site 5, removal workers wore two personal sampling pumps when removal work was
carried out. This was to test the feasibility of wearing two sampling pumps at the same
time. The two pumps, tubes and cowls were attached to high-vis vests with cable ties. If
the vests were worn inside the enclosure, they were removed on exit from the enclosure
and disposed of as asbestos waste. The pumps, tubes and cowls were detached from the
vest and decontaminated in the airlocks.

2.4  Analysis methods

2.4.1 PCM Analysis

For all personal and static samples, membrane filters were cut in half with one half

analysed first by PCM at 500x magnification in accordance with the method described in

HSG 248. All wvisible fibres >5 micrometters (¢
of >3:1 were counted following the World Health Organisation (WHO) counting rules

( WHO, 1997) . PCM cannot detect fibres with di
method does not allow discrimination between fibre types. The majority of PCM samples

were counted on site. Quality Control (QC) checks were carried out on a selected number

of samples after the site visit. Results are reported as less than the limit of quantification

where appropriate. The other filter half was retained, and selected samples identified for

analysis by TEM.
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2.4.2 TEM analysis

Retained half filters were analysed by TEM to determine the asbestos fibre concentration,
as PCM only gives the total fibre concentration. The filters were selected for TEM analysis
after each site visit by one of the two of the HSE scientists who had been on site. Samples
were chosen to represent a range of personal and static sampling activities, the number of
fibres counted by PCM, the morphology of fibres counted and the activity undertaken
whilst the sample was being taken were also considered. Samples taken outside the
enclosure were also chosen to confirm whether measurable asbestos fibre concentrations
were present.

The TEM method was based on the identification and fibre classification procedure set out
for asbestos analysis in the International Standards Organization method 1SO 10312:1995.
At least two TEM sample grids were prepared and analysed for each filter, with the
numbers of grid openings searched at X5000 magnification sufficient to achieve an

analytical sensitivity of <0.001 f/ ml. | SO 10
defined as a fibre, or connected grouping of fibres, with or without other particles (ie fibres,
bundles, clusters and matrices of fibres). Al

with amphibole or chrysotile asbestos were measured (length, width, and aspect ratio) to
determine whether they were phase contrast microscopy equivalent (PCME) fibres (ie
fibres >5.0-<e&8Bmelmommg,dtth. Zand with an aspect rat
composition of each counted fibre was determined by energy dispersive X-ray
spectroscopy (EDX). Fibres were identified by comparing EDX results with those of
reference asbestos fibres. For samples where three or fewer fibres were counted, the
result was considered below the limit of detection (LoD). If no fibres were counted, the LoD
was taken to be the upper 95% confidence limit of the concentration, corresponding to
2.99 times the analytical sensitivity. Similarly, if one, two or three fibres were present, the
LoD was calculated as 4.74, 6.30 or 7.75 times the analytical sensitivity, respectively. This
approach assumes a Poisson distribution of fibrous structures on the filter.

The analytical sensitivity is a measure of how well the method can resolve the difference
between two fibre concentrations. It is measured in f/ml and is calculated using the sample
volume, the number of TEM grid openings examined, the area of filter analysed and the
total filter area.
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3 Results

3.1 Introduction to Results

This section presents the results from sampling carried out during the eight site visits,
which relate to the efficacy of the control measures. This includes static samples for leak
testing as well as personal monitoring results during removal. All individual PCM results
can be found in Appendix A.

3.2 Leak Sampling T Measurement of Enclosure Containment
Effectiveness

< Leak samples are static samples taken outside the enclosure whilst live removal work is
taking place inside the enclosure. Table 2 shows the number of leak samples taken for
each site, the number of results above the given limit of quantification (LOQ) for the PCM
analysis and the average sample volume. Also shown are the number of samples
analysed by TEM and the total number of asbestos fibres detected by TEM.

Table 2 The number of leak tests taken, the number of results above the LOQ and the
average volume of samples for each site.

Site number Number of leak Average sample Number of

(ACM removed) tests volume (litres) samples analysed
(Number of by TEM (Number
results above the of asbestos fibres
LOQY) detected)

1 (Small scale AIB) | 2 (0) 832 0 (0)

2 (Low level 5(0) 1298 1 (0)

contamination

(AIB))

3 (AIB) 6 (0) 796 2 (0)

4 (Small scale AIB) | 4 (2) 855 2 (0)

5 (AIB) 13 (0) 1164 2 (0)

6 (Sprayed coating) | 52 (2) 1151 7 (9)

21



Site number Number of leak Average sample Number of

(ACM removed) tests volume (litres) samples analysed
(Number of by TEM (Number
results above the of asbestos fibres
LOQY) detected)

7 (Low level 14 (0) 1365 2 (0)

contamination
(Insulation))

8 (Insulation) 4 (0) 905 2 (1)
Across all sites 100 (4) 11412 18 (2°)
visited:

1 HSG 248 (HSE 2021a) defines the analytical sensitivity for the PCM method (based on
counting one half-fibre in 200 graticule areas (the lowest count possible above zero), a
sample volume of at least 480 litres and an effective diameter greater than 20 mm as
between 0.0002 and 0.0003 f/ml. However, due to the presence of some fibres on blank
tested filters, the limit of detection (LOD) is ~0.003 f/ml and the limit of quantification (LOQ)
of the method is 0.010 f/ml. This is equivalent to a count of 40 fibre ends (20 fibres) in 200
graticule areas on a 480-litre sample

2 Weighted average volume taking into account the number of samples from each visit

3 The number of asbestos fibres identified in the 18 samples analysed by TEM
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Personal monitoring results during removal I Measurement of control at source effectiveness

Figure 3 shows the high, low and average results from personal monitoring undertaken inside the enclosure on each site. The low values
are reported results which for some are the LOQ. Averages have been calculated using actual concentrations rather than the reported
LOQ. All individual results can be found in Appendix A. Figure 4 shows all individual personal monitoring results plotted together.
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Figure 3 Summary by site of PCM personal monitoring results during removal (not time weighted, log scale)

23



1.2

1
]
[
£ 08
s
g E =
2 0.6
3 n
5 = =
(&) ¢ -
(0]
5 04 s "u =
LL . -
L | |
* - .I "a u
0.2 n -
* u n
° ‘“‘0 . :o " " ...
* PR X 4 n |
) 0‘ *? o> " u
0 e g™ :'\’ P ? T "
12 3 4 5 6
Site visit

gin

uh

e AIB (small
scale)

A Low level
contamination

+ AlB
= Sprayed

coating or
insulation

Figure 4 All PCM results for personal samples taken inside enclosures during removal. These are not calculated as 4-hour time weighted

averages and therefore cannot be compared with the Control Limit

24



4 Discussion

4.1 Introduction to Discussion

In this section, the results from the previous section are interpreted to inform our
knowledge of the efficacy of the control measures used during licensed asbestos removal
work. Where relevant, the observations of HSE scientists are included to add context to
the results. Using these results and observations, including CCTV recordings, the aim of
the section is to compare observed working practices to prevailing HSE guidance.

The two main points considered were the effectiveness of control measures in containing
spread and how effective they were at controlling fibre release at source. Where
appropriate, air monitoring results are used to inform the discussion. Comparison is also
made with the results obtained during past work by HSE scientists and other similar
studies.

4.2 Enclosure Effectiveness at Controlling Spread

4.2.1 Overview of Enclosures

Asbestos removal enclosures provide a physical barrier around the asbestos work area to
contain asbestos dust and debris arising from the work. They prevent the spread of
airborne fibres to the surrounding areas outside the enclosure. They also facilitate
preliminary decontamination of workers and removal of waste bags by incorporating an
airlock and/or baglock in their design.

Enclosures are typically timber frames covered with heavy-duty, 1000-gauge polythene
(0.254 millimetres thick). All joints and gaps must be sealed to prevent air leaking
outwards. They should allow enough space for removal workers to carry out the removal
work and transfer waste outside the enclosure. HSE Guidance (HSG247, 2005) sets out
how enclosures should be constructed to comply with regulations.

The movement of removal workers and/or waste into or out of the enclosure is through
three-stage airlocks. If there is sufficient space to do so, there should be separate airlocks
for removal workers and waste bags. The enclosure should normally be always maintained
under negative pressure by a negative pressure unit (NPU). There may be occasions
when the NPU is switched off and the enclosure sealed (eg over weekends or breaks in
work). This will draw air out of the enclosure at a set flowrate with clean air entering
through the airlocks. HSE guidance states that, if possible, the enclosure should be
attached directly to a decontamination unit to allow removal workers to transfer directly for
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decontamination. This scenario was not witnessed at any of the eight sites visited by HSE
scientists because the sites varying geography made this impractical.

4.2.2 Smoke testing

Before work starts, the integrity of the enclosure is checked by visual inspection to ensure
that there are no holes in the polythene or gaps between the polythene and timber frame.
Any holes or gaps must be sealed. A smoke test is then carried out to ensure there are no
observable leaks. This involves operating a portable smoke machine in the enclosure or
setting off a smoke canister to fill the enclosure with smoke. A competent person checks
around the outside of the enclosure looking for smoke exiting the enclosure, which would
indicate a |l eak. Again, any | eaks aranyseal ed.
reference to competence, competent persons or competent employees in relation to
working with asbestos is a reference to a person or employee who has received adequate
information, instruction and training for the task being done and can demonstrate an
adequate and up-to-date understanding of the work, required control measures and
appropriate law. They must also have enough experience to apply this knowledge
effectivelyo

The LARCs plan of work often states that the 4SC analyst should make this assessment,
this was the case on all eight sites visited. Although recognised as good practice, HSE
guidance does not state this. Any leaks observed during the smoke test must be fixed prior
to any asbestos removal work starting.

The competent person then observes the smoke clearing from the enclosure with the
negative pressure unit(s) running to identify whether all areas are clearing satisfactorily
indicating good mixing and air movement. If dead spots are present, ie smoke is not
clearing from some areas, the LARC should increase the airflow, re-position the NPUs or
introduce additional NPUs including roving heads to eliminate the dead spots.

Smoke tests were undertaken on all eight sites visited by HSE scientists and all were
witnessed by the 4SC analyst. At five of the sites, the smoke test revealed leaks in the
enclosure. On three sites, these leaks were quickly fixed (in less than 15 minutes), but on
two sites it took between 45 minutes and an hour to locate and fix the leaks. This
demonstrates the importance of the smoke test in testing the integrity of an enclosure. On
no occasion did HSE scientists witness leaks or other problems with the construction of
the enclosure that were not picked up by the LARC or 4SC analyst.
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Figure 5 The 4SC analyst and the LARC site supervisor inspect the outside of an
enclosure during a smoke test on Site 4

The clearance rate of smoke from the enclosure on Site 6 was considered poor, with
smoke clearing slowly from one end of the enclosure (the opposite end to the NPUS).
When investigated by the site supervisor, it appeared that the power to one of the NPUs
had cut-out and when re-instated, the smoke cleared in a timely manner. Figure 5 shows
removal workers conducting a smoke test on an enclosure at Site 4.
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4.2.3 Leak Testing

Asbestos removal work can start when a successful smoke test has been completed.
During the removal work, it is good practice to undertake airborne fibre monitoring around
the enclosure to ensure that asbestos fibres are not leaking outside the enclosure. Leak
tests should always be carried out if removal is taking place in an occupied building and
are a sensible precaution in all scenarios.

Leak testing was carried out by HSE scientists on all sites visited and 4SC analysts were
observed taking their own leak samples throughout the removal process.

The results from samples taken by HSE scientists (summarised in Table 2) show that
enclosures were effective at containing fibres and preventing their spread while they were
in operation. The results from the PCM analysis exceeded the limit of quantification (LOQ)
on only two sites (Sites 4 and 6). The minimum sample volume taken was 480 litres,
equating to a LOQ of 0.01 f/ml when 200 graticule areas are counted. The average sample
volume on each site ranged from 796 to 1365 litres which gave LOQs of between 0.004
f/ml and 0.006 f/ml.

On Site 4, these results were 0.008 f/ml and 0.01 f/ml. The enclosures monitored on Site 4
were in an industrial warehouse. Other demolition and refurbishment work was taking
place in a separate area to the enclosures and ACM removal work. Some demolition work
(not involving ACMs) was undertaken in the same area as the enclosures. This caused an
increase in the level of general dust and fibres. At one point, this led to leak sample filters
being occluded by dust and the site supervisor requesting that the work be stopped. It is
likely that this other work, rather than the asbestos removal work inside the enclosure, was
the reason for the raised levels present in the leak testing. TEM analysis of two leak
samples from this site confirmed that none of the fibres present were asbestos.

On Site 6, two results (06-024 and 06-122) were above the LOQ. Sample 06-024 gave a
PCM fibre concentration of 0.006 f/ml and a TEM asbestos fibre concentration of 0.008
f/ml. This sample was the first leak sample taken after work started and followed two
similar results from static samples taken during enclosure construction. A separate leak
test at the same time in a different area gave a PCM fibre concentration of <0.004 /ml and
none of the leak tests taken in the next seven days of work gave a PCM fibre
concentration above the LOQ. This suggested that the asbestos fibres in sample 06-024
were those disturbed during the construction of the enclosure and did not leak from the
enclosure while work was ongoing inside. The removal contractors used mobile scaffold
towers and podiums during construction of the enclosure.

Sample 06-122, from Site 6, gave a PCM fibre concentration of 0.004 f/ml and a TEM
asbestos fibre concentration of <0.003 f/ml. This suggested that most fibres counted
during the PCM analysis were not asbestos.
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Eighteen leak samples were analysed by TEM. Apart from Site 6, the only other site where
asbestos fibres were found was Site 8, with one asbestos fibre detected in one sample.
TEM analysis of a proportion of the leak samples taken, supports the expected conclusion
from the PCM analysis, that enclosures are effective in containing asbestos fibres during
removal and that any fibres that are present are not asbestos and are not leaking from the
enclosure.

4.2.4 Surfactant leaks from enclosures

A surfactant is used during asbestos removal to increase the ability of a liquid (usually
water) to penetrate and bind with any ACM. On two occasions, surfactant was observed to
be leaking out of the enclosure.

On Site 3, where AIB panels were removed, surfactant was observed leaking out of the
enclosure where the CCTV cables passed through the enclosure wall, during the first
removal shift. The liquid dripped from these cables and splashed onto several areas
outside the enclosure. As the leak occurred in an area where the site supervisor was
present the leak was quickly spotted. Work inside the enclosure was stopped and the area
cleaned immediately. The cable entry point to the enclosure was then re-sealed more
thoroughly. No leak tests from this time showed a raised level of fibres compared to
previous leak tests performed at this site. The surfactant may, however, have been
contaminated with asbestos fibres but as it was cleaned before it dried there was little
opportunity for them to become airborne.

On Site 6, where sprayed coating to steel beams was being removed, surfactant was seen
to leak down vertical columns and through the floor to the room below. The duration of the
leak is not known but as it was discovered during a Monday morning shift it is unlikely to
have been leaking for more than a couple of hours. Work inside the enclosure was
stopped when the leak was discovered, and the area cleaned. Leak tests carried out
during this shift did not show a raised level of fibres compared to others during this site
visit and no asbestos fibres were detected during the TEM analysis of one sample taken in
this area during this shift.

With the available evidence neither of these incidents appear to have given rise to an
increase of airborne asbestos fibres outside the enclosure. These events do, however,
highlight that even once an enclosure has passed initial integrity tests the risk of leaks
occurring during removal works will remain. Regular visual inspections of enclosures and
leak air test monitoring, as set out in guidance (HSG 247, 2006 and HSG 248, 2021a),
should ensure these leaks are identified and can subsequently be repaired.

4.2.5 Comparison to leak testing in previous HSE research

In 1997/98, HSE carried out eight site visits to asbestos removal sites as part of a research
project to assess asbestos fibre levels during wet stripping of ACMs. This work included
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leak testing during removal work on four of the eight sites. Seventeen samples were taken
in total across the four sites. On three of the sites amosite insulation or sprayed coating
was being removed and on the other AIB containing amosite and chrysotile. Table 3
shows a summary comparison with the results from this work.

Table 3 Comparison of leak sampling between this work and HSE research carried out in
1997/98

1997/98 Samples 2016-19 Samples
Number of sites where 4 8
leak samples were taken
Total number of samples 17 100
Average volume of 610* 1140
samples
Percentage of samples 29% 4%
with results over the
LOQ
Highest result 0.09 f/ml 0.01 f/ml
Range of fibre 0.17 34.4 f/mlA <0.01471 1.12 f/ml
concentrations in
enclosure

*Sample volume was only recorded for 12 of 17 samples
AAnalysis carried out following counting rules in MDHS 39/4 (HSE 1995)

The percentage of samples with results above the LOQ was significantly less for the
current study. This is due to the higher sample volumes collected per sample (on average)
during this study which equates to a lower LOQ when compared with the 1998/99 study.
The very small numbers of fibres counted meant that most concentrations were
significantly below the LOQ. On the site visits in 1997/98 the results were more frequently
above the LOQ, with the highest result being nine times greater than that observed during
the 2016-2019 visits. No TEM analysis was carried out on the 1997/98 samples, so there
is no further information on whether the fibres counted outside the enclosure were likely to
be asbestos. The difference in fibre counting rules may have resulted in lower numbers of
fibres counted using MDHS 39/4 compared with the WHO counting rules specified in HSG
248. This is because the MDHS 39/4 rules excluded fibres that were attached or appeared
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to be attached to particles with diameter >3um. The WHO rules ignore all attached
particles regardless of diameter and so these fibres would be included in counts using the
WHO rules.

The lower fibre concentrations suggested that the enclosures / work practices on the 2016-
19 site visits restricted the spread of asbestos fibres more effectively during removal than
in the earlier study. This could be due to removal contractors constructing and maintaining
enclosures in a more effective manner. However, several factors however must be taken
into consideration.

1 The number of samples taken either in total or per site was much fewer in the
1997/98 work compared to the 2016-19 work.

1 No TEM analysis was carried out in 1997/98 so there is no information about
whether the fibres present were asbestos.

1 The fibre concentrations measured inside the enclosure in the 1997/98 study were
much higher than in 2016-19. Higher fibre concentrations inside the enclosure are
more likely to lead to measurable fibre concentrations outside the enclosure if there
are leaks present.

4.2.6 NPUs and flowrate

The ACOP which covers licensed asbestos removal (L143 Managing and working with
asbestos) was updated in 2012 and the requirements for airflow management in
enclosures used for licensed asbestos removal were changed. The earlier version required
removal contractors to demonstrate that there were at least 8 air changes per hour for
work to proceed. The 2012 update required enclosures smaller than 120 m?3 to have an
airflow of at least 1000 m3/hr and for enclosures over 120 m? at least 8 air changes per
hour should be demonstrated as before.

Removal contractors had previously used the smoke test to demonstrate that 8 air
changes per hour was being achieved by the NPUs in place. If the smoke cleared in at
least 7.5 minutes (one eighth of an hour) then the enclosure was signed off. This is a
simple test and is not an exact measurement of the actual air change per hour. Specialist
equipment, typically a vane anemometer is required to accurately measure the airflow in
an enclosure. To ensure accuracy, these must be calibrated, and multiple measurements
taken across the face of the NPU.

Most of the enclosures monitored during this study were smaller than 120 m3. Therefore,
airflow measurements were used on all sites to demonstrate the enclosure was suitable for
use. Procedures were in place to measure the airflow of NPUs before use and to keep the
necessary equipment calibrated. Figure 6 gives an example of how these measurements
were recorded and calculated. However, errors were identified in these calculations when
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subsequently checked by HSE scientists. Figure 7 shows the measurements for an
enclosure of 180 m3 on Site 7, whilst Figure 8 shows measurements being taken by
removal workers. The measurement here is not ideal but is always likely to be difficult with
this type of anemometer as the handle causes partial blockage (this can cause more
blockage than the workers arm as the handle is against the plane of the opening). A better
position would be from the side but the issue would reoccur when measuring towards the
centre of the filter. However, the error is unlikely to be that large as the percentage of the
filter obstructed is probably small, it should be noted that the filter is pleated and therefore
the remaining area unobstructed is large.

Figure 6 Written paperwork from Site 6 showing NPU airflow measurements and the
calculation of air changes per hour inside the enclosure
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Figure 7 An example of NPU airflow calculations below a site diagram for Site 7
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Figure 8 NPU airflow measurements being taken on Site 7, one worker takes an airflow
measurement from an NPU while another records the measurements.

Earlier work undertaken by HSE scientists (HSE 2013b) on the ventilation of enclosures
for removal of ACMs concluded that flap displacement in the enclosure airlock can be
used as an indication of airflow rate into the enclosure. This means it can provide an
ongoing assessment as works are taking place as to whether the airflow has changed. The
displacement of the door flap is dependent on several factors, including door size and
weight but the overall displacement has a linear relationship with inward airflow. On all
sites LARCs were aware of this indicator and used it to some degree to assess airflow
throughout the removal work. Figure 9 shows how one LARC constructed and marked
their airlock to allow continuous monitoring of the air flap displacement by observation.

Managing enclosure airflow can involve an initial adjustment to enclosure design to ensure
the door flap displacement is not too large. Depending on the enclosure size, the volume
of air moving through the airlock to achieve an airflow of 1000 m3/hr can lead to greater
flap displacement than required. This flap displacement uses up space in the airlock and
makes it difficult to decontaminate equipment and workers when exiting the enclosure. To
reduce the flap displacement, the baglock can be opened, flap weighting can be
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increased, or air inlet cubes can be placed elsewhere in the enclosure to allow additional
air to be drawn in. Figure 10 shows an example of an air inlet cube on Site 7. Air inlet
cubes were used on Sites 6 and 7 to manage airflow into the enclosure.

Displacement marks

Figure 9 A gap in the boarding along the side of the airlock has been created so the door
flap bottom can be seen. Markings show how far the flap should be displaced - Site 7
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Figure10 A removal enclosure, with O6cubedé in the
on the side of the enclosure with two flaps allowing air to flow into the enclosure - Site 7

During one shift on Site 6, the airlock flap displacement reduced significantly, indicating an
issue with airflow into the enclosure. The NPUs did not appear to have reduced in
capacity. However, it was much windier on that day, and it was thought this was causing
the change in air displacement. The extra pressure acting on the enclosure due to wind
from unsealed windows around the enclosure (particularly near the NPU exhausts), can
reduce the negative pressure inside and cause smaller door flap displacement.

The 4SC analyst raised concerns about the flap displacement and suggested that the work

should stop. The LARC supervisor did not agree that there was a problem and allowed the

work to continue. As the LARC were still undertaking preparatory work and no asbestos

removal work was taking place in the enclosure, HSE scientists decided that, although the

4SC analystbés concerns were valid, the risk o
was low. Leak testing was carried out and there were no measurable fibres leaking from

the enclosure during this period.
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The following morning the situation was still the same and the LARC decided that the gap
around the NPU exhausts that exited through open windows needed to be sealed to
prevent wind putting pressure on the outside of the enclosure. This required breaking the
seal of the enclosure. Before removal workers performed this task, the independent
analyst ran static air tests inside the enclosure to ensure the concentration was below 0.01
f/ml. Three tests were run by the 4SC analyst with an average sample volume of 1027
litres and the results were all <0.005 f/ml. The NPUs were running throughout the leak test
monitoring, while the removal workers closed the seal between the window and the NPU
exhaust. No leak tests taken by HSE scientists gave results above 0.01 f/ml or above their
respective LOQs during this activity.

HSE guidance (HSG 247, 2006) also states that differential pressure can be used to
measure whether the enclosure is under a negative pressure of at least 5 pascals (Pa).
Differential pressure measurement of the enclosure by a LARC was only witnessed on Site
7.

4.3 Effectiveness of wet removal techniques at controlling
fibre release at source

4.3.1 Overview of sites

Wet ACM removal techniques were employed at all eight sites visited as part of this
project. Three methods of wetting were used; spraying using hand action pumps, spraying
which used an electric powered airless sprayer and wetting via needle injection.

The choice of wetting method is normally dependent on the type of material being
removed. Using injection needles to wet material is the most effective way to ensure that
the wetting agent penetrates throughout the ACM as it is applied beneath the surface.
However, it is not suitable for AIB as applying a wetting agent in this way can affect the
integrity of the board causing it to break apart. It is much better to remove AIB without any
breakage to minimise spread and potential exposure. Therefore, injection is only used for
insulating material still in-situ. Spraying the surface of a material is used for other ACMs.
Insulation debris is also sprayed rather than injected. Table 4 summarises the different
material types and the different wetting methods used on each site.

The general methods for wet removal techniques are set out in HSG 247, and each LARC
has their own working method based on this guidance. The aim of these methods is to
eliminate or minimise the spread of, and exposure to, asbestos as far as reasonably
practicable. LARCs should, therefore, continually update their methods and risk
assessments based on their own air monitoring and experiences including new
technology.
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Table 4 Amount and type of ACM on each site and wet removal technique used

Site ACM removed | ACM fixing | Encapsulation Wetting method
Number and amount (if
applicable)

1 AIB (8 m? Nails Paint Handheld sprayers
across 2
enclosures)

2 AIB debris N/A None Handheld sprayers
(unknown
amount)

3 AIB 25 m? Nails Waterproof Handheld sprayers

Paint

4 AIB 6 m? Nails Paint Handheld sprayers
(across 3
enclosures)

5 AIB 50m? Screws and | Paint Handheld sprayers

nails and powered airless
sprayer

6 Sprayed N/A Paint Injection and
coating 80 powered airless
linear m sprayer

7 Insulation N/A None Handheld sprayers
debris
(unknown
amount)

8 Insulation N/A None (some Handheld sprayers
debris ACMS present and powered airless
(unknown behind sprayer
amount) plasterboard)
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The following sections summarise the personal monitoring results on four sites and
describe how they varied throughout the work based on the removal activities being
carried out. These sites were chosen as they had most results above the LOQ with
sufficient samples to see potential patterns in the fibre levels during individual activities.
The sites that were omitted either had too few samples per enclosure or the results were
too low to confidently draw any conclusions from. The sites are ordered by wetting
method, starting with powered injection followed by powered spraying and then finally
hand-held spraying.

4.3.2 Site 6 - Sprayed coating and injection

On Site 6, sprayed coating was removed from 80 linear metres of steel beams. A powered
injection system was used to wet the material before removal started. The RAMS
produced by the LARC outlined that the needles were to be placed into the material at full
depth with shadow vacuuming taking place during the process. It also stated that the
material should be wetted on a slow drip application overnight (at a pressure less than 50
psi). The RAMS gave a timescale of approximately four hours rather than overnight. The
RAMS required that before removal began the material should be checked by an
experienced removal worker to ensure the material was wetted. The description given was

that the material should be fidoughyoedhecksiput t
would be carried out. HSE guidance also states that material such as sprayed coating
needs to be Adoughyo before removal and does

carried out. It was not possible to tell from the CCTV footage what checks were done. The
first beam was wetted overnight and subsequent beams were wetted for four hours prior to
being removed. CCTV stills from this site can be found in Appendix B.3.

There were between two and six removal workers (depending on the shift), working inside
the enclosure. These were typically morning and afternoon shifts with each lasting 3 to 4
hours. During each shift a variety of tasks were performed eg, needle application, stripping
of beams, bagging of waste and beam cleaning. As the work progressed these roles would
change, and different tasks were required to complete the removal work. Most removal
workers carried out more than one task per shift, but occasionally one removal worker
would undertake a single task during a shift.

The sequence of events for removing the sprayed coating from a beam was as follows:

Removal of plasterboard boxwork at each end of the beam

Application of injection needles to sprayed coating on beams

Wetting agent applied through injection needles for a set period (normally 4 hours)
Sprayed coating stripped off and placed inside waste bags

Cleaning of beam with rags and wire brushes

= =4 =4 4 -9
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Figure 11 gives the time during which different activities took place in the enclosure.
Where it was possible to identify the main task being undertaken by the worker, the result
is marked by a circle for injection, a square for beam stripping and a diamond for beam
cleaning on the graph. Where it was not possible to make this assessment, the results are
not marked with covering shape. In most cases where the results are not marked, the
removal workers were carrying out a mix of ancillary tasks eg, such as moving mobile
scaffolds, cleaning the floor and moving waste bags.

Figure 11 shows that the highest results were generally from samples taken from removal
workers who carried out the initial stripping of material from beams. This activity would
involve the most active disturbance of the ACM and is the likely explanation for the highest
results. Figures 48 and 49 in Appendix B.3 show removal workers stripping material from
beams.

After wetting of the material, the first task was to remove the painted layer from the top of
the sprayed coating. This was usually completed in small sections and with care. However,
on one occasion a worker removed a very large section by simply pulling one end of the
encapsulation paint. This can be seen in Figures 42 to 45 in Appendix B.3. The personal
monitoring result for this worker in this shift (06-060) was the highest seen on site.
Although it is not possible to definitively identify this activity as the cause of the high result,
as other tasks were performed during the shift, it does differentiate this shift from the
others. Figure 46 shows where a smaller section of the encapsulating paint has been
removed before the underlying sprayed coating is stripped.

Although the highest results were observed during beam stripping, five beam cleaning
results were higher than the lowest beam stripping result. Although less material is
generally being removed during this activity, if a pocket of material is left behind by the
initial stripping it may be disturbed during this cleaning process. HSG 247 states that
sprayed wetting agent should be applied as this cleaning activity takes place. On this site
handheld sprayers were in the enclosure for this purpose but were not always used
consistently by removal workers. The highest beam cleaning result was for sample 06-055
during the 20.11.18 AM shift. In this shift, the removal worker was seen vigorously
cleaning an area of the beam for roughly 45 minutes in total, returning to it twice during the
shift. This suggests that a significant amount of material was left behind after the initial
beam stripping (Figures 47 to 51 in Appendix B.3).

Inserting injection needles into ACMs carries a risk of fibre release from the material.
Although there is only minimal disturbance, the material is likely to be dry. On most
occasions, inserting needles in the sprayed coating was only a small part of the work
undertaken during a shift, with other tasks taking up most of the time. For two shifts at the
beginning of the work on 17.11.18 AM and 19.11.18 AM, however, the main activity carried
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out by a removal worker during the shift was the insertion of needles to the sprayed
coating. These are circled in Figure 11 and despite the results being lower than all of the
beam stripping results they are as high or higher than some beam cleaning results.

The fine clean of the enclosure is the final cleaning task and normally takes place after all
obvious visible ACM debris has been removed and surfaces are superficially clean. It
involves a further wipe down of beams and other surfaces in the enclosure. The personal
sampling results taken during this phase (Figure 11), were lower than for other phases,
although one fine cleaning result was noticeably higher than the others. The high result
may indicate that a worker found and cleaned an area that still had asbestos material
present after being missed in the previous cleaning phases.
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Figure 11 Personal monitoring PCM results Site 6 1 Spray coating removal material wetted by injection

42



4.3.3 Site 5 - AIB and powered spraying

On Site 5, 50 m? of AIB ceiling panels were removed. CCTV stills from the work can be

seen in Appendix B.2. A powered airless sprayer (see Figures 22 and 39) was used to wet

the panels before and after removal. Accordin
removed would initially be sprayed on the painted underside only, following careful

removal it would then be sprayed on the unpainted topside. The POW also stated that the

gap created by the removed panels would be used to spray the topside of the rest of the

panels to be removed. After spraying, the panels, apart from the first one, should be left for

30 minutes for the wetting agent to soak in.

Three to four removal workers worked in the enclosure during each shift (morning and
afternoon), with a shift lasting approximately 3 hours. On this site removal workers
generally carried out one specific task throughout each shift. These tasks were as follows:
Spraying AIB with wetting agent

Removing AIB panels from metal gridwork

Placing AIB panels in asbestos waste bags

Cutting up removed metal gridwork

= =2 =2 -4 -2

Other cleaning tasks around the enclosure

The personal monitoring results from samples taken inside the enclosure during removal
works are shown in Figure 12. Removal workers wore two sampling pumps simultaneously
giving pairs of results for each worker (each result is shown individually). Where it was
possible to identify the main task being undertaken, the result is marked by a circle for
panel removal, a square for bagging AIB, a triangle for spraying and a diamond for
gridwork cutting on the graph. In one shift, a worker was observed undertaking two main
tasks for approximately similar durations, indicated by two shapes on these results. Figure
12 also shows the different phases of removal. Following the removal of the ceiling panels,
the metal gridwork that had been holding them in place were removed and cut up and a
fine clean of the enclosure undertaken.

Spraying the AIB does not involve direct disturbance of the ACM and produced the lowest
results. Figure 39 in Appendix B.2 shows a worker spraying AIB prior to removal. The
results from placing the AIB panels in asbestos waste bags were often equal to or higher
than those from removing the ceiling panels. This may be regarded as counterintuitive as
the worker most involved with removing the ACM, and therefore disturbing it, would be
expected to have higher results. Bagging the ACM, however, involved handling it for
longer, often longer than the removal worker who removed it from the metal gridwork of
the suspended ceiling. This was because the removed AIB panels were too big to fit neatly
inside an asbestos waste bag, so they were wrapped with extra bags or sheeting and
taped. HSE scientists observed that the panel had previously been broken during removal
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and therefore the AIB would be more likely to release fibres during the bagging process.
Figure 38 in Appendix B.2 shows a removal worker putting a panel in an asbestos waste
bag.

The highest results were witnessed during the dismantling and cutting up of the metal
gridwork. As these were not ACMs it is likely that AIB debris remained on the gridwork, as
the AIB was damaged during removal. The cutting was undertaken with a power tool (a
reciprocating saw) and if any AIB remained on the gridwork, the disturbance caused would
have been high. The highest result (sample 05-040) was at least three times that of other
samples. It was also much higher than the paired sample taken from the same removal
worker during the same shift. A possible explanation of this is that the sample with the
higher result was on the side of the removal worker closest to the reciprocating saw as
they cut up metal gridwork, leading to a higher fibre level on this side. Also, the sample
that gave the lower result was on the same side as the exhalation valve of the removal
worker's full face RPE which may have reduced the fibre level on that side. Figures 40 and
41 Appendix B2 show the removal worker cutting metal gridwork during the shift these
samples were taken.

HSE guidance states that the use of power tools should be avoided where possible and if
they are used extra control measures such as shadow vacuuming or further dust
suppression measures such as paste, or foam need to be in place. No extra control
measures were used on this site when the powered reciprocating saw was in use.

Reciprocating saws are very common but they carry a significant vibration risk with respect
to fibre release. Mechanical snips can be used to remove this risk of vibration, but tin snips
cause sore hands if used for long periods as they are effectively robust scissors. If
reciprocating saws are to be used then precleaning or wetting is essential and the tool
must then be classed as contaminated as it would be difficult if not impossible to
decontaminate after use.

The POW stated that the AIB panels were screwed into the metal gridwork and would be
removed by carefully unscrewing them. Removal workers on site stated that this was not
the case, and the panels were in fact nailed or tacked in. This made removal more difficult
and while some attempt was made to remove the nails or tacks, the panels were often
pulled off leading to breakages as can be seen in Figures 36 and 37. This could have led
to AIB being left on the gridwork after the panels were taken off. The POW also stated that
all ceiling panels would be removed by removal workers using a mobile scaffold (Figure
35). However, responding to time pressures, the removal workers stopped using the
mobile scaffold early in the afternoon shift on the 02.05.18. Instead, the removal worker
who was removing the panels, and was tall enough to do so, simply reached up and pulled
them down, increasing the number of panels breaking. However, this did not lead to an
observed increase in the airborne fibre concentrations during this task in this shift. During
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the next shift (03.05.18 AM) when the same activity was carried out and panels were

broken, the sampling pumps on the removal worker carrying out the panel removal failed,
and no result was obtained.

The fine clean of the enclosure, occurring after all the AIB panels and the metal gridwork
had been removed from the enclosure, resulted in lower fibre levels for all but one sample

compared to previous shifts. The higher result could suggest disturbed asbestos remaining
within the enclosure.
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4.3.4 Site 8 T Insulation debris and powered spraying

On Site 8, the material removed was pipe insulation debris and insulation residues
behind plasterboard. The exact amount of material was not known but the ducting
containing the pipe insulation debris was five linear metres long and 8 m? of
plasterboard was removed, so that residues behind could be cleaned. The POW
stated that the plasterboard covering the insulation residues on walls would be
removed first and the ducts would be accessed by removing the floor above them.
Insulation debris and residues were to be sprayed with a wetting agent before
removal by scraping or scooping the material into asbestos waste bags. Any pipe
insulation remaining in-situ was expected to be in poor condition and would be
wetted by handheld sprayers before the material was scraped off the pipes or the
pipes removed in their entirety. CCTV stills from the work can be seen in Appendix
B.4.

Figure 13 shows the personal monitoring results for work inside the enclosure. It also
shows the different phases of the work. Removal workers tended to share removal
tasks throughout the course of a shift and so it was not possible to assign personal
samples to a specific task for work on this site.

Plaster and duct removal involved using a powered handheld breaker to break up the
plaster on the floor above the duct. These activities took place across the first two
shifts and created a significant amount of dust even though the airless sprayer was
used during operation of the breaker. Plasterboard removal is illustrated in Figures
52 and 53. One of the personal monitoring samples taken during the 15.10.19 PM
shift was overloaded with particles and no result was calculated; this is represented
as zero in Figure 13.

The highest recorded fibre concentration was in the 16.10.19 AM shift and was twice
that of the next highest result in any shift. A review of the CCTV footage from this
shift did not show an obvious reason for this. The material being removed was
insulation, a potentially very friable material, which was not evenly distributed
throughout the area being cleaned. There is the possibility that the residue was
impacted by the powered breaker, which may have caused elevated airborne fibre
levels. The removal worker may have encountered and removed more material than
others did during their shift or a portion of material they removed was not wetted as
well as the material removed by others. Figures 52 to 54 Appendix B.4 show the
worker, wearing a high-vis jacket labelled 3, carrying out removal work during this
shift.

Apart from the highest result, the personal monitoring results across all shifts where
removal work took place were relatively similar.
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4.3.5 Site 3 - AIB and handheld spraying

On Site 3, the material removed was 25 m? of AIB wall panels on the fourth floor in

the stairwell of a building to be demolished. The panels were nailed onto a timber

frame, with the outward facing side encapsul
plan of work (POW) stated that the exposed edges of the boards were to be sprayed

with surfactant before nails were removed with hand tools. The plan was to take the

boards off the wooden timbers whole, wherever possible. CCTV stills from the work

inside the enclosure can be seen in Appendix B.1.

The removal workers tended to share tasks throughout the shift, and it was not
possible to identify one worker as having carried out a particular task throughout a
shift. The tasks of spraying boards, removing nails and sealing removed panels in
bags were shared by workers across the course of a shift. The enclosure was also
relatively small for the quantity of material being removed with the space restricted by
a scaffold. This required workers to work very close to one another even when
performing different tasks.

Figure 14 shows the personal monitoring results from each removal shift. The
different phases of removal are shown along the bottom of the graph.

The highest concentrations were observed during board removal, when the ACM was
most likely to be disturbed. The removal workers used a few different dust
suppression methods whilst removing nails, to reduce fibre release. While the POW
only mentioned surfactant, both shaving foam and spray tack (an adhesive) was
applied along the edge of boards during nail removal. Figures 26 to 34 Appendix B.1
show workers locating nails, using a hand spray and levering off AIB panels where
shaving foam had been applied. Either spray tack or shaving foam was typically
used, and it was not possible (from samples covering the work shift where both
methods were used) to comment whether one was more effective at suppressing
fibres than the other.

Surfactant was applied to the non-painted side of boards once they were exposed in
most but not all instances. When surfactant was applied there was normally only one
application and sufficient time was rarely given for surfactant to soak into boards.

The panels were relatively large (approximately 1.5m x 2m) and difficult to
manoeuvre once removed from the timber frame. In addition, the nails were not
always removed before the panels were pulled from the timber frames. This
occasionally led to boards breaking. This can be seen in CCTV in Figures 29 and 34
in Appendix B.1.
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4.3.6 Comparison to previous HSE research

HSE scientists previously carried out research looking at the fibre concentrations inside
enclosures during the wet stripping of asbestos in 1997/98 (Burdett,1999). Table 5
compares fibre concentrations from the 1997/8 site visits with those from this project
(2016-19) for similar material types removed. The 1997/98 AIB results are taken from one
site visit and ten samples (the only site visit to monitor the removal of AIB), whereas the
2016-19 results are from four site visits and fifty-three samples where AIB was removed.
The sprayed coating results are taken from one site visit for both the 1997/98 work and the
most recent work. These sprayed coating removal sites were chosen for comparison as

the same type of material was removed on both sites. In 1997/98 twelve samples were
taken and in 2016-19 fifty-six.

Table 5 Comparison of PCM fibre concentration (FC) results from 1997/98 and 2016-19

site visits
Material | 1997/98 1997/98* | 1997/98* | 2016-19 2016-19 | 2016-19 FC
Wetting FC FC range | Wetting FC range (f/ml)
technique | average? | (f/ml) technique | average”
(f/ml) (f/ml)
AlB Hand 0.84 0.17 3.16 | Handheld | 0.04 <0.023 17 0.46
sprayed and
PVA powered
airless
sprayers
containing
surfactant
Sprayed | Single 4.26 271 9.15 Multiple 0.246 <0.01871 1.12
coating needle needle
to steel gun injection
beams injection system

*The PCM analysis for these results was carried out following the European Reference
Method (ERM) counting rules in MDHS 39/4 whereas the WHO (World Health

Organisation) fibre counting method was used for the 2016-2019 study (The WHO fibre
counting rules will, generally, give higher fibre counts than the ERM)
AThe averages given are four-hour time weighted averages

The results in Table 5 indicate that much higher fibre concentrations were observed in
1997/98 compared to 2016-2019. This is most likely due to the differences in wetting
techniques used after the introduction of HSG 247 (HSE, 2006). No proper wetting of the
AIB removed on the 1997/98 site was carried out, with the surface of boards only being
sprayed with PVA solution. As this is a glue rather than a wetting agent, none of it would
have soaked into boards and reduced fibre release when the boards were broken.
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On the 1997/98 site where sprayed coating was removed from steel beams, the material
was wetted using a single needle injection system. The system involves a removal worker
placing one needle into an area of the material and injecting surfactant applying only hand
pressure. This method relies on the removal worker to evenly distribute the injection points
across the material and apply the right amount of pressure/surfactant. In comparison, the
multi-needle injection system used in the more recent work allows multiple needles to be
placed simultaneously, making it easier to ensure even distribution of injection points. The
surfactant is also applied at a set pressure rather than being applied by hand pump trigger.

4.4  Control measures used during waste removal from the
enclosure

On all sites, asbestos waste was removed from the enclosure by transferring sealed bags
out of a 3-stage baglock system and transporting them to an asbestos waste skip. On

some sites the waste was transported in wheeled containers and on others the bags were
carried by hand. This section describes working practices observed and how they relate to

current guidance. A separate report entit]l

ed

the Licensed Asbestos Removal I ndustionng ( HSE

results observed during this work.

Typical design of three-stage baglock for removal of waste from an enclosure

Bags put into

Double bagged second bags, Bags cleaned Enclosure
To waste stored excess air extgrnally by (Bags filled
outside here, awaiting removed, and wiping down in e?‘nclosure
removal again cleaned and sealed)
externally

NB If separate baglocks and airlocks are used, normally
only one should be open and in use at any time

Figure 15 Baglock design and procedure for removing asbestos waste from enclosures,
as outlined in HSG247

The construction of the baglock and the procedure used to remove waste from the
enclosure are designed to prevent or at least minimise the spread of asbestos outside the
enclosure. This procedure is summarised in Figure 15. Guidance (HSG 247, 2006) states
that if space allows the baglock and the airlock used by removal workers to exit the
enclosure need to be separate. This ensures that the decontamination procedures for
removal workers and waste exiting the enclosure are separate. Figure 16 shows an ideal
set up with baglock and airlock separate. Figure 17 shows a possible hybrid arrangement
where there is limited space.
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On six out of eight sites, the airlock and baglock were separate. Table 6 outlines the set up
on each site. On Site 3, there was not enough room to have a separate baglock. On Site 8
it may have been possible to have at least a hybrid arrangement but only an airlock was
used.

Table 6 Airlock and baglock arrangements on each site

Site number (ACM | Number of Separate airlock Room for

removed) enclosures and baglock? separate airlock
monitored and baglock?

1 (Small scale AIB) | 2 Yes Yes

2 (Low level 1 Yes Yes

contamination

(AIB))

3 (AIB) 1 No No

4 (Small scale AIB) | 3 Yes Yes

5 (AIB) 1 Yes Yes

6 (Sprayed coating) | 1 Yes Yes

7 (Low level 1 Yes Yes

contamination

(Insulation))

8 (Insulation) 1 No Yes

HSE guidance specifies that airlocks and baglocks must be a minimum of 1m x 1m x 2m
(height). On all sites apart from Site 5 the airlocks and baglocks were constructed to this
minimum standard. On Site 5 where there was a large amount of space for the airlock and
baglock they were made to a size of 2m x 2m x 2m (Figure 18). This allowed much more
space for removal workers to follow decontamination procedures and for removal workers
to carry out procedures to remove waste bags from the enclosure.
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Figure 18. Two workers are inside the baglock on Site 5, one worker is in the outer stage
and the other is in the middle stage

Figure 19 Asbestos waste being removed from an enclosure on Site 4 with
wheelie bin used to transport bags to skip. The worker is wearing a personal
sampling pump
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Waste bags removed from the baglock, or airlock system were transferred to an asbestos
waste skip along a specified waste route, as set out in the guidance. Different methods for
transporting waste bags from the enclosure to the skip were employed. On some sites
they were transported inside or on wheeled containers or trolleys. In Figure 19, a wheelie
bin is shown that was used to carry asbestos waste on Site 4 and Figure 18 shows the
open trolley system used on Site 5. On other sites waste bags were carried, this was the
case on Sites 3 and 6 where the enclosures were not on the ground floor and there were
no available lifts, Figure 20 shows waste bags awaiting transport to the waste skip on Site
6. On Site 4, there was a designated waste route, but it was not always used by removal
workers, on some occasions a shorter route to the skip was taken that involved crossing
an area of grass. Waste routes, as set out in guidance (HSG 247, 2006), should not cross
grass areas. This is because any accidental spillages that occur would be difficult to detect
and clean up.

Figure 20 Five asbestos waste bags waiting to be carried to an asbestos waste skip on
Site 6
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4.5 Enclosure dismantling and PVA spraying

The temporary enclosure around the asbestos removal work area is dismantled after the
area has passed a visual inspection and clearance air tests have given results below 0.01
f/ml (the second and third stages of the 4SC). At this point there is still a potential risk of
exposure if fibres or debris are released during dismantling of the enclosure and control
measures should still be in place to minimise any disturbance of fibres.

One of the control measures outlined in guidance is the use of PVA spray on the polythene

sheeting that makes up the enclosure. HSG 247

sheeting should be sprayed with PVA sealant before removal. This minimises the release
of fibres adhering to the surface through

The use of PVA spray was only observed on Site 7 and the enclosures on the other sites
were dismantled without using it. Fibre concentrations inside the enclosure on site 7 were
the second lowest, averaging 0.019 f/ml. This means it is not a good comparator by itself
to other sites where PVA spraying was not used as fewer fibres would have been
anticipated at the end of the work. Ideally these would be sites with similar fibre
concentrations during removal and the 4SC. Where HSE guidance is not followed the
employer should be able to provide evidence that their methodology does not incur a
greater risk of fibre release. In the case of the use of PVA spray this could mean
documented evidence from personal monitoring that dismantling enclosures without the
use of PVA does not lead to a higher airborne fibre concentration. Without this evidence
LARCs may not be able to demonstrate that their working methods reduce exposures to
the lowest level as is reasonably practicable.

On Site 4 where multiple small enclosures were being used to remove AIB panels
surrounding steel columns, some elements of the enclosures were reused. After the 4SC
had passed, the timber framings were lifted, along with attached polythene sheeting to a
new location, where it was used to form part of a new enclosure on the same site.
Guidance does not set out any scenarios in which enclosure materials can be reused and
states that they should be disposed of as part of the dismantling process. Elevated fibre
levels were identified during the construction and dismantling of enclosures on this site.
The reuse of enclosure material may have contributed to this. Figure 21 shows the
sheeted partitions of a previous enclosure which were reused for the construction of the
next enclosure.
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Figure 21 Enclosure being constructed on Site 4 from reused enclosure material

4.6 Equipment used inside enclosure to facilitate control
measures used during removal

A variety of equipment is used inside the enclosure to assist with the removal of asbestos.
This includes mobile scaffolds and ladders to access high areas, as well as equipment to
help wet the ACMs during removal.

All equipment used inside the enclosure has the potential to become contaminated by
asbestos fibres during the removal process. Controls should be in place to either prevent
equipment being contaminated or to prevent spread of contamination from the equipment
when it is taken out of the enclosure. Where equipment can be wiped down and all surface
areas inspected, it can be removed from the enclosure after the 4SC analyst has carried
out their visual inspection and clearance air tests. However, this approach is only
successful if all internal aspects of the equipment that cannot be visually inspected are
sealed before any work starts. In the case of mobile scaffolding this means capping the
end of poles so that no asbestos debris can fall inside.
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For some equipment such as vacuum cleaners or powered airless sprayers, it is not

possible to seal off their internal aspects as they have air vents that must remain unsealed

for the equipment to work. Here, the equipment should still be wiped down and inspected

after use but before they are removed from the enclosure, the ACOP L143 further requires
them to be O6wrapped or sealed to prevent the
bagging of H-type vacuums in heavy duty polythene.

Figure 22 Powered airless sprayer and Class H vacuum cleaner recently removed from
the enclosure on Site 5, one of the Class H vacuum cleaners and the powered airless
sprayer were not bagged and sealed.

On Site 5 where a powered airless sprayer was used, it was removed from the enclosure
after the clearance air tests were passed but as shown in Figure 22 was not bagged, this
would be very difficult to clean effectively and should have been bagged. This figure also
shows vacuum cleaners which have been single bagged after use in the enclosure (the
unbagged vacuum cleaner was not taken into the enclosure).

On most sites discussed in this report, equipment to allow work at height was used. On
five sites either mobile scaffolds or scaffolding was used. On three of these sites the ends
of the scaffold poles were not capped to prevent material falling inside (Figure 23).
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Figure 23 Mobile scaffolds on Site 5 with uncapped scaffold poles

NPUs are normally placed outside the enclosure to prevent spread of asbestos
contamination from the NPU. On Site 6 it was not considered practical by the LARC to put
all NPUs outside the enclosure as some needed to be positioned in areas where the
enclosure extended to the edge of the building and the enclosure was on the first floor.
Two NPUs were placed inside the enclosure with plastic trunking extending from the NPU
exhaust to the enclosure wall and exiting through the enclosure wall and out of an adjacent
window. Figure 24 shows the NPU, trunking inside the enclosure and the point at which
the trunking exits the enclosure. The NPUs inside the enclosure were covered in
polythene. However, there were still exposed parts of the NPU (see Figure 25) and
elements that would have been difficult to clean after use, such as the wheels or castors.
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Figure 25 The enclosure for Site 6 included an NPU with exposed wheels
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5 Conclusions

The two main control measures used to prevent or minimise the spread of asbestos fibres
during licensed removal are the use of temporary enclosures maintained under negative
pressure and the correct wetting technique for the asbestos material being removed.

Enclosure construction witnessed during these eight site visits closely followed HSE
guidance. Leak tests carried out during removal work in these enclosures indicated that
they were effective at containing airborne asbestos fibres during removal work. However,
on two sites, the surfactant used to wet ACMs before removal was observed leaking from
the enclosure. This highlights the importance of ongoing visual inspections and other
checks to ensure the enclosure integrity is maintained as removal works are carried out.

LARCs were observed to implement the CAR 2012 ACOP on airflow management inside
enclosures. They all had written procedures describing how to measure and calculate the
airflow into the enclosure and followed these procedures while HSE scientists were on
site. However, some of these calculations were found to be incorrect when checked by
HSE scientists.

Different wetting techniques used during removal were observed across the eight site
visits. On seven of the sites, either a pump-action handheld sprayer or a powered airless
sprayer was used to wet the ACM. On one site, where sprayed coating was being
removed, a wet injection system was used.

The general methods for wet removal techniques are set out in HSG 247, and LARCs
were seen to follow this guidance and their plan of work when following their removal
procedures. However there were some instances where they deviated from both. On Site
3, no time was allowed for the surfactant to soak into the AIB after it was applied to the
unpainted side. On occasions, the AIB was not wetted on the unpainted side before it was
removed. On two sites, removal of AIB panels started carefully with panels removed
intact. However, as time passed the LARCs used an increasingly less careful approach
which resulted in panels being ripped out and broken.

Fibre concentrations during the removal of wetted ACMs were lower than when HSE
scientists last carried out research in this area (Burdett ,1999). Guidance on wet removal
methods has become more detailed since this research and these changes may have
contributed to this reduction. It may also indicate that LARCs are better able to apply wet
removal techniques as set out in guidance.

Differences in airborne fibre concentrations within the enclosure were observed between
different removal tasks. There was often a variation between results for the same task or
activity. There was no consistent pattern in the reason for these variations and often, it
was not possible to pinpoint specific practices that led to the higher results. However,
higher fibre concentrations are always likely to be caused by a greater disturbance of the
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ACM and for any given ACM, the fibre release from this disturbance will be greater, the
drier the material is. The lower results during removal tasks in this work can therefore be
seen to represent what is possible if removal workers remove material that is thoroughly
wetted and with minimal disturbance.

A high airborne fibre measurement was recorded where AIB panels were being removed

and a powered reciprocating saw was used to cut up metal framework that had held the

AIB panels. HSE guidance states that the use of power tools should be avoided where

possible and if they are used extra control measures such as shadow vacuuming or further

dust suppression measures such as paste, or foam need to be in place. No extra control

measures were used on this site when the powered reciprocating saw was in use. It

should be noted that all aspects of the work included in the studyf r om r emoval , Of
cleaning and bagging can lead to exposure and all must adopt appropriate controls.

Equipment management was another area where improvements were identified.
Equipment used inside enclosures was not always properly sealed before it was
introduced into or removed from enclosures. Equipment with internal aspects that cannot
be sealed off during the asbestos removal work should be sealed (eg capping scaffold
tubes), where this is not possible (eg H-type vacuums), they must be fully decontaminated
or bagged before they are removed from the enclosure. LARCs need to ensure that the
spreading of asbestos via work equipment is eliminated as far is reasonably practicable.

After passing stage 3 (disturbed dust air testing) of the 4SC, only one of the eight sites
used PVA spray on the polythene of the enclosures before the enclosure was dismantled
and bagged as asbestos waste. The use of PVA spray at this stage is part of HSE
guidance and is meant to minimise the release of fibres adhering to the surface of the
polythene through static electricity.

At one site some elements of the enclosure, including polythene sheeting, were not
disposed of as asbestos waste once the 4SC was completed. Instead, they were
repurposed to form part of a new enclosure on the same site. HSE guidance states that
polythene sheeting should not be reused in this way as there is a risk of it being
contaminated with asbestos fibres. This applies to the polythene of the enclosure, airlocks
and baglocks.

No repeat smoke tests of enclosures were observed after leaks were identified or elevated
airborne fibre levels measured. Re-smoke testing following these occasions would be seen
as good practice going forward to provide confidence to the duty holder that the source of
the issue has been resolved.

Designated waste routes should be followed but it was noted on Site 4 that, on some
occasions, a shorter route to the skip was taken that involved crossing an area of grass.
Waste routes, as set out in guidance (HSG 247, 2006), should not cross grass areas. This
is because any accidental spillages that occur would be difficult to detect and clean up.
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This research has also highlighted the need for adequate supervision and training to
ensure that the adopted work methods are being correctly implemented and so reducing
asbestos exposure to levels as low as reasonably practicable.
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7 Appendix A - PCM results from all sites

7.1.1 Site 1 Results

Site Sample | Sample | Static/ Personal - Fibre Number | Number

sample | volume | duration | Location/Activity concentration | of fibres | of fields

number | (litres) | (min) (f/ml) counted | counted

01-001 | 544 68 Reassurance i Enclosure 1 0.02 41.5 200
setup - 18.07.16

01-002 | 960 120 Reassurance i Enclosure 1 0.01 39 205
setup - 18.07.16

01-003 | 960 120 Reassurance 7 Enclosure 1 0.011 41.5 206
setup - 18.07.16

01-004 | 240 120 Personal - Worker 1 enclosure | <0.020 12.5 200
1 setup - 18.07.16

01-005 | 240 120 Personal - Worker 2 enclosure | <0.020 95 200
1 setup - 18.07.16

01-006 | 728 91 Leak test - outside enclosure 1 | <0.007 15 200
-19.07.16

01-007 |73 73 Personal Worker 17 Removal | <0.066 2 200

works in enclosure 1 -
19.07.16
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Site Sample | Sample | Static/ Personal - Fibre Number | Number
sample | volume | duration | Location/Activity concentration | of fibres | of fields
number | (litres) | (min) (f/ml) counted | counted
01-008 | Void Void due | Personal Worker 2 7 Removal | N/A N/A N/A
dueto |topump |works inenclosure 1 -
pump failure 19.07.16
failure
01-009 | 480 48 Parallel clearance - test 50 cm | 0.016 29.5 202
above floor enclosure 1 -
19.07.16
01-010 |480 48 Parallel clearance - test 105 0.02 36 201
cm above floor enclosure 1 -
19.07.16
01-011 | 480 48 Parallel clearance - test 155 0.015 27 200
cm above floor enclosure 1 -
19.07.16
01-012 | 100 50 Personal Worker 2 1 Take <0.048 8 200
down of enclosure 11
20.07.16
01-013 | 480 60 Reassurance i Take down of | 0.012 23.5 200
enclosure 1 - 20.07.16
01-014 | 104 52 Personal - Worker 1 enclosure | 0.048 21 200
2 setup - 20.07.16
01-015 | 236 118 Personal Worker 2 - <0.020 5.5 200

Enclosure 2 setup - 20.07.16
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Site Sample | Sample | Static/ Personal - Fibre Number | Number
sample | volume | duration | Location/Activity concentration | of fibres | of fields
number | (litres) | (min) (f/ml) counted | counted
01-016 | 874 112 Reassurance i Basement 0.008 34 200
sheeting up enclosure 2 -
20.07.16
01-017 | 976 122 Reassurance i Basement <0.005 13 200
sheeting up enclosure 2 -
20.07.16
01-018 | 126 63 Personal i Worker 3 <0.038 8 200
construction of enclosure 2 -
20.07.16
01-019 | 316 154 Personal - Worker 1 removal | 0.044 53.5 201
works in enclosure 2 1
21.07.16
01-020 | 310 148 Personal - Worker 2 removal 0.107 100.5 159
works in enclosure 2 -
21.07.16
01-021 | 936 118 Leak test - outside enclosure 2 | <0.005 1.5 200
-21.07.16
01-022 | 130 65 Personal - Analyst visual <0.036 4 203

inspection of enclosure 2 -
21.07.16
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Site Sample | Sample | Static/ Personal - Fibre Number | Number
sample | volume | duration | Location/Activity concentration | of fibres | of fields
number | (litres) | (min) (f/ml) counted | counted
01-023 | 480 48 Parallel clearance test - 50 cm | 0.004 8 200
above floor enclosure 2 -
21.07.16
01-024 | 480 48 Parallel clearance test - 50 cm | <0.010 7.5 200
above floor enclosure 2 -
21.07.16
01-025 | 480 48 Parallel clearance test - 105 <0.010 11 200
cm above floor enclosure 2 -
21.07.16
01-026 | 480 48 Parallel clearance test - 155 <0.010 15 200
cm above floor enclosure 2 -
21.07.16
01-027 | 480 48 Parallel clearance test - 205 <0.010 10 200
cm above floor enclosure 2 -
21.07.16
01-028 | 192 64 Personal - Worker 2 take down | <0.025 4 200
of enclosure 27 22.07.16
01-029 | 480 60 Reassurance i Take down of <0.010 95 200
enclosure 21 22.07.16
01-030 | 480 60 Reassurance - Take down of <0.010 8 200

enclosure 21 22.07.16
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7.1.2 Site 2 Results

Site Sample | Sample | Static/ Personal - Fibre Number | Number
Sample | volume | duration | Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
02-001 | 960 120 Background i LHS of delivery | 0.007 28.5 202
office 1 03.04.17
02-002 | 960 120 Background i RHS of delivery | 0.006 21.5 200
office 1 03.04.17
02-004 | 540 60 Reassurance - LHS of <0.009 13.5 200
delivery office during scaffold
erectioni 03.04.17
02-005 | 486 60 Reassurance - RHS of delivery | <0.01 17.5 200
office during scaffold erection
i 03.04.17
02-006 | 1025 125 Reassurance - LHS of 0.005 21.5 200
delivery office in front of
scaffold -04.04.17
02-007 | 955 124 Reassurance - RHS of delivery | 0.007 26.5 200
office beneath scaffold -
04.04.17
02-009 | Void Void due | Personal P02 - Pump failed N/A N/A N/A
due to to pump | after 13 mins - 04.04.17
pump failure
failure
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Site Sample | Sample | Static/ Personal - Fibre Number | Number

Sample | volume | duration | Location/Activity concentration | of fibres | of fields

number | (litres) (min) (f/ml) counted | counted

02-010 | 984 120 Reassurance - RHS of delivery | 0.008 33 200
office beneath scaffold -
04.04.17

02-011 | 966 120 Reassurance - LHS of 0.006 21 200
delivery office in front of
scaffold - 04.04.17

02-012 | 264 88 Personal P02 i Sheeting up <0.018 8 200
enclosure - 04.04.17

02-013 | 908 121 Reassurance - LHS of <0.005 115 200
delivery office in front of
scaffold 1 05.04.17

02-014 | 968 121 Reassurance - RHS of delivery | <0.005 12.5 200
office - 05.04.17

02-017 | 1320 166 Leak i Beneath NPU - <0.004 18 200
05.04.17

02-018 | 1328 167 Leak i Under scaffold nextto | <0.004 115 200
airlock - 05.04.17

02-021 | 252 84 Personal PO3 7 Sheeting up of | <0.019 10.5 200

windows inside enclosure -
05.04.17
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Site Sample | Sample | Static/ Personal - Fibre Number | Number

Sample | volume | duration | Location/Activity concentration | of fibres | of fields

number | (litres) (min) (f/ml) counted | counted

02-022 | 246 82 Personal PO2 i Sheeting up of | <0.020 9 200
windows inside enclosure -
05.04.17

02-023 | 174 58 Personal P02 i Bagging of <0.028 21.5 200
loose waste inside enclosure -
05.04.17

02-024 | 147 49 Personal PO3 i Bagging of <0.033 8.5 200
loose waste inside enclosure -
05.04.17

02-025 | 222 111 Personal PO1 i Removing <0.022 14 200
chicken wire covering
contaminated area 1 06.04.17

02-026 | 310 155 Personal PO3 i Removing <0.015 9 200
chicken wire covering
contaminated area - 06.04.17

02-029 | 1496 187 Leak i office room beneath <0.003 10.5 200
enclosure - Day 4

02-030 | 1457 188 Leak i Beneath NPU - <0.003 6 200
06.04.17

02-032 | 174 58 Personal PO2 i Vacuuming of | <0.028 8 200

contaminated area - 06.04.17
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Site Sample | Sample | Static/ Personal - Fibre Number Number
Sample | volume | duration | Location/Activity concentration of fibres of fields
number | (litres) (min) (f/ml) counted counted
02-033 | 887 113 Leak i Beneath NPU - <0.005 6 200
06.04.17
02-034 | 150 50 P04 Personal T Visual <0.032 6 200
inspection of enclosure -
06.04.17
02-035 | 504 42 Parallel clearance i Inside <0.01 7 200
enclosure NPU side of scaffold
T 07.04.17
02-036 | 492 41 Parallel clearance i Inside <0.01 12 200
enclosure airlock side of
scaffold - 07.04.17
02-037 | 492 41 Parallel clearance i Inside <0.01 7.5 200
enclosure bottom of ladder to
scaffold - 07.04.17
02-038 | 870 87 Reassurance - LHS of <0.006 10 200

delivery office in front of
scaffold - 07.04.17
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7.1.3 Site 3 Results

stairwell next to lift T 20.06.17
am/pm

Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration | Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
03-001 | 960 120 Static (reassurance) T 4™ <0.005 10.5 200
floor by door next to office
space i 19.06.17 am
03-002 | 960 120 Static (reassurance) - 3" floor | Filter occluded | N/A N/A
opposite lift 7 19.06.17 am no count
recorded
03-003 | 938 118 Static (reassurance) 7 4 Filter occluded | N/A N/A
floor by door next to office no count
space i 19.06.17 pm recorded
03-004 | 552 69 Static (reassurance) - 3 floor | <0.009 5 200
stairwell beneath scaffold i
19.06.17 pm
03-006 | 480 60 Static (reassurance) - 3" floor | <0.01 9 200
stairwell T 20.06.17 am
03-007 | 480 60 Static (reassurance) - 3" floor | <0.01 3 200
stairwell next to lift i 20.06.17
am
03-008 | 948 120 Static (reassurance) - 3 floor | <0.005 5 200
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration | Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
03-009 | 180 60 Personal 1 P02 Sheetingup | <0.027 14 200
enclosure i 20.06.17 pm
03-010* | 369 45 Static (reassurance) - 3" floor | <0.013 4 200
stairwell next to airlock 1
20.06.17 pm
03-011 | 960 120 Static (reassurance) - 3 floor | <0.005 5 200
stairwell next to airlock 1
21.06.17 am
03-013 |60 15 Personal i P02 Sheetingup | <0.080 3 200
riser with AIB backing 1
21.06.17 pm
03-012 | 372 120 Personal - PO5 Removal of 0.08 100 174
AIB (cowl was pulled off the
coverall and dragged along
the floor for a short period of
time) 1 22.06.17 pm
03-017 | 984 123 Static (leak) - 3" floor <0.005 4 200
stairwell next to airlock 1
22.06.17 pm
03-018 | 336 116 Personal i P06 Removal of 0.14 100 106

AIB (removal of nalils,
spraying of boards, wrapping

77



Site
Sample
number

Sample
volume
(litres)

Sample
duration
(min)

Static/ Personal -
Location/Activity

Fibre
concentration
(f/ml)

Number
of fibres
counted

Number
of fields
counted

boards in waste bags,
vacuuming) i 22.06.17 pm

03-019

344

172

Personal i P04 Removal of
AIB (removal of nails,
spraying of boards, wrapping
boards in waste bags,
vacuuming) 1 22.06.17 pm

0.39

100

52

03-020*

331/92

154/43

Personal i PO5 Removal of
AIB (removal of nails,
spraying of boards, wrapping
boards in waste bags,
vacuuming) 1 23.06.17 am

0.08

101

196

03-021

384

192

Personal i P06 Removal of
AIB (removal of nalils,
spraying of boards, wrapping
boards in waste bags,
vacuuming) 1 23.06.17 am

0.13

102

100

03-022

300

150

Personal i P04 removal of
AIB (removal of nails,
spraying of boards, wrapping
boards in waste bags,
vacuuming) i 23.06.17 am

0.14

101

126
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Site
Sample
number

Sample
volume
(litres)

Sample
duration
(min)

Static/ Personal -
Location/Activity

Fibre
concentration
(f/ml)

Number
of fibres
counted

Number
of fields
counted

03-025

990

123

Static (leak) - 3™ floor
stairwell next to airlock T
23.06.17 am

<0.005

2.5

200

03-026

188

94

Personal i P04 removal of
AIB (removal of nalils,
spraying of boards, wrapping
boards in waste bags,
vacuuming) i 23.06.17 pm

0.24

110

126

03-027

185

95

Personal i P05 removal of
AIB (removal of nails,
spraying of boards, wrapping
boards in waste bags,
vacuuming) i 23.06.17 pm

0.12

87

200

03-029

560

70

Static (leak) - 3" floor
stairwell next to airlock T
23.06.17 pm

<0.009

200

03-034

1032

129

Static (leak) - 3™ floor
stairwell next to airlock i
26.06.17 am

<0.005

9.5

200

03-035

324

162

Personal i PO5 Removal of
AIB, final clean/ drilling holes
inwood 1 26.06.17 am

0.16

101

98
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Site Sample | Sample Static/ Personal - Fibre Number | Number

Sample | volume | duration | Location/Activity concentration | of fibres | of fields

number | (litres) (min) (f/ml) counted | counted

03-036 | 302 151 Personal i P04 removal of 0.1 100 166
AIB, final clean vacuuming 1
26.06.17 am

03-037 | 212 92 Personal - P06 passing waste | <0.023 3 200
bags out of enclosure
26.06.17 pm

03-038 | 720 90 Static (leak) - 3" floor <0.007 9.5 200
stairwell next to airlock 1
26.06.17 pm

03-039 | 190 95 Personal 1 P04 passing 0.03 24 200
waste bags out of enclosure
T 26.06.17 pm

03-040 | 126 63 Personal 1 PO5 carrying 0.09 43 200
waste bags to skip i 26.06.17
pm

03-043 | 480 48 Parallel clearance testi On 0.04 73 206
scaffold 1 27.06.17 pm

03-044 | 480 48 Parallel clearance testi By 0.03 63 200
NPU T 27.06.17 pm

03-045 |480 48 Parallel clearance testi By 0.03 55 200

radiator 1 27.06.17 pm
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enclosure i 27.06.17 pm

Site Sample | Sample Static/ Personal - Fibre Number | Number

Sample | volume | duration | Location/Activity concentration | of fibres | of fields

number | (litres) (min) (f/ml) counted | counted

03-046 | 480 48 Parallel clearance test i 0.03 51 200
Bottom of ladder i 27.06.17
pm

03-047 |69 23 Personal i P07 Visual 0.12 36 200
inspectioni 27.06.17 pm

03-048 | 490 49 Static (leak) - 3™ floor <0.010 4 200
stairwell next to airlock 1
27.06.17 pm

03-049 | 480 48 Parallel clearance testi On <0.01 5 200
scaffold 1 27.06.17 pm

03-050 | 480 48 Parallel clearance testi By <0.01 8 200
radiator i 27.06.17 pm

03-051 | 480 48 Parallel clearance testi By <0.01 6 200
NPU T 27.06.17 pm

03-052 | 480 48 Parallel clearance test i <0.01 12 200
Bottom of ladder i 27.06.17
pm

03-054 | 180 60 Personal 1 P05 taking down | 0.07 45 200

* Sample volume estimated due to pump failure i data not used in graphs
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7.1.4 Site 4 Results

Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
04-001 | 960 120 Static (reassurance) i Next <0.005 3 200
to airlocks Enclosure 17
20.11.17 am
04-002 | 924 120 Static (reassurance) i Next <0.005 6 200
to NPU Enclosure 17
20.11.17 am
04-003 | 132 44 Personal - P09 Constructing | <0.036 3.5 200
Enclosure 2 (No RPE) i
20.11.17 pm
04-004 | 127 54 Personal i P04 Constructing | <0.038 2 200
Enclosure 2 (No RPE) i
20.11.17 am
04-005 | 942 120 Static (reassurance) i Next <0.005 3.5 200
to Enclosure 27 20.11.17
am/pm
04-006 | 948 120 Static (leak) i Next to <0.005 7.5 200

airlocks Enclosure 171
20.11.17 pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
04-007* | 207 109 Personal i PO3 Removal of <0.023 8 200
AIB Enclosure 1 (Full face
RPE) T 20.11.17 pm
04-009 | 960 120 Static (leak) i Next to 0.008 29.5 200
Enclosure 17 20.11.17 pm
04-010 | 960 120 Static (reassurance) i Next <0.005 8 200
to Enclosure 27 20.11.17 pm
04-011 | 128 32 Personal PO5 i Removing <0.038 5 200
waste bags from Enclosure 1
(Half face RPE) i 20.11.17
pm
04-008 | 214 107 Personal i P09 Constructing | <0.022 55 200
Enclosure 2 (No RPE) i
21.11.17 am
04-012 | 540 54 Parallel clearance test i <0.009 3 200
Enclosure 1 floor 7 21.11.17
am
04-013 | 535 54 Parallel clearance test i <0.009 5 200

Enclosure 1 floori 21.11.17
am
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
04-014 | 540 54 Parallel clearance test i <0.009 13 200
Enclosure 1 on scaffold i
21.11.17 am
04-015 | 960 120 Static (reassurance) i Next <0.005 17.5 200
to Enclosure 117 21.11.17 am
04-016 | 204 51 Personal i P08 Analyst <0.024 1.5 200
visual Enclosure 17 21.11.17
am
04-018 | 960 120 Static (reassurance) i Next <0.005 4 200
to Enclosure 27 21.11.17 am
04-019 | 624 78 Static (reassurance) i Next <0.008 4 200
to Enclosure 17 21.11.17 pm
04-020 | 360 120 Personal i P04 Dismantling | <0.013 9 200
Enclosure 1 (Half face RPE) -
21.11.17 pm
04-021 | 468! 60 Static (reassurance) i Next 0.02 43 200
to Enclosure 371 21.11.17 pm
04-022 | 252 84 Personal i P02 AIB removal | 0.02 22 200
Enclosure 2 (Full face RPE)
T 22.11.17 am
04-023 |84 84 Personal i P02 (2" pump) <0.057 16 200

AIB removal Enclosure 2
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
(Full face RPE) i 22.11.17
am
04-024 | 984 123 Static (leak) T Next to <0.005 12.5 200
Enclosure 27 22.11.17 am
04-025 | 976 122 Static (reassurance) i Next <0.005 4 200
to Enclosure 371 22.11.17 am
04-026 | 240 80 Personal 1 PO7 AIB removal | 0.04 35 200
Enclosure 2 (Full face RPE)
T 22.11.17 am
04-027 |90 30 Personal i P08 Analyst <0.053 2 200
visual Enclosure 2 (visual
failed) 1 22.11.17 am
04-028 | 500 50 Parallel clearance test i <0.010 4 200
Enclosure 2 floor 1 22.11.17
pm
04-029 | 500 50 Parallel clearance test i <0.010 9 200
Enclosure 2 on scaffold 1
22.11.17 pm
04-030 | 500 50 Parallel clearance test i <0.010 5 200

Enclosure 2 floor i 22.11.17
pm

85



Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
04-031 | 1032 129 Static (reassurance) - Next to | Filter occluded | N/A N/A
Enclosure 371 22.11.17 pm no analysis
possible
04-032 |64 16 Personal i P08 Analyst <0.075 1 200
visual Enclosure 21 22.11.17
pm
04-033 | 560 56 Static (reassurance) - Next to | Filter occluded | N/A N/A
Enclosure 27 22.11.17 pm no analysis
possible
04-034 | 111 37 Personal - P07 dismantling <0.043 6 200
Enclosure 27 22.11.17 pm
04-035 | 468! 60 Static (reassurance) i Next Filter occluded | N/A N/A
to Enclosure 27 23.11.17 am | no analysis
possible
04-036 | 465 60 Static (reassurance) i Next Filter occluded | N/A N/A
to Enclosure 371 23.11.17 am | no analysis
possible
04-037 | 492 164 Personal i PO3 AIB removal | 0.02 42 200

Enclosure 3 (Full face RPE)
T 23.11.17 pm
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Site Sample | Sample Static/ Personal - Fibre Number Number
Sample | volume | duration Location/Activity concentration of fibres of fields
number | (litres) (min) (f/ml) counted counted
04-038 | 423 141 Personal i P04 AIB removal | 0.013 22.5 200
Enclosure 3 (Full face RPE)
i 23.11.17 pm
04-039 | 528 66 Static (reassurance) i Next <0.009 8 200
to Enclosure 371 23.11.17 pm
04-040 | 480 60 Static (reassurance) i Next 0.013 25.5 200
to Enclosure 47 23.11.17 am
04-041 | 528 66 Static (leak) T Next to 0.01 21 200
Enclosure 37 23.11.17 am
04-045 | 112 28 PO5 1 Personal Removal of <0.043 2 200
waste from Enclosure 3 i
23.11.17 pm
04-046 | 430 60 Static (reassurance) i Next <0.011 5 200
to Enclosure 47 23.11.17 pm
04-047 | 39 11 Personal i P08 Analyst <0.123 0.5 200
visual Enclosure 37 23.11.17
pm
04-042 | 475! 48 Parallel clearance test i <0.01 4.5 200

Enclosure 3 on scaffold 1
24.11.17 am
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
04-043 | 475! 48 Parallel clearance test i <0.01 8 200
Enclosure 3 floor 1 24.11.17
am
04-044 | 475% 48 Parallel clearance test i <0.01 6 200
Enclosure 3 floor i 24.11.17
am
04-048 | 4741 60 Static (reassurance) i Next <0.01 12.5 200
to Enclosure 371 24.11.17
am
04-049 |99 33 Personal i PO7 Dismantling <0.048 7 200
Enclosure 37 24.11.17 am

* Sample volume estimated due to pump failure T data not used in graphs
1 HSE guidance specifies a minimum sample volume of 480 litres for this type of sample, the pumps for these samples were switched off
by the 4SC analyst before 480 litres was achieved
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7.1.5 Site 5 Results

Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration | Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
05-001 | 972 123 Background i Inside former <0.005 6 200
kitchen beneath AIB ceiling i
30.04.18 am
05-002 | 950 121 Background i Area outside <0.005 4 200
kitchen next to airlock 1
30.04.18 am
05-003 | 381 135 Personal PO2 i Sheetingup | <0.013 5 200
enclosure i No RPE T
30.04.18 am
05-004 | 168 134 Personal PO4 i Sheetingup | <0.029 2 200
enclosure i No RPE T
30.04.18 am
05-005 | 968 121 Background - Inside former <0.005 2 200
kitchen beneath AIB ceiling i
30.04.18 am/pm
05-006 | 498 166 Personal PO2 i Sheetingup | <0.010 5 200
enclosure i No RPE T
30.04.18 pm
05-007 | 483 161 Personal PO4 1 Sheetingup | <0.010 8 200

enclosure i No RPE i
30.04.18 pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration | Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
05-008 | 954 120 Background i Area outside <0.005 7 200
kitchen next to airlock T
30.04.18 pm
05-009 | 980 124 Reassurance i Inside former | <0.005 16 200
kitchen beneath AIB ceiling T
01.05.18 am
05-010* | 552 69 Reassurance 1 Nextto <0.009 8 200
airlock 1 01.05.18 am
05-011 | 372 124 Personal PO2 i Sheetingup | <0.013 5 200
enclosure i No RPE T
01.05.18 am
05-012 | 450 180 Personal P04 i Removal of 0.03 47 200
AIB ceiling 7 Full face RPE T
01.05.18 pm
05-013 | 360 180 Personal PO4 i Removal of 0.04 61 200
AIB ceiling i Full face RPE 1
01.05.18 pm
05-014 | 336 168 Personal PO3 1T Removal of 0.11 104 142

AIB ceiling i Full face RPE T
01.05.18 pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number

Sample | volume | duration | Location/Activity concentration | of fibres | of fields

number | (litres) (min) (f/ml) counted | counted

05-015 | 420 168 Personal PO3 i Removal of 0.07 100 180
AIB ceiling i Full face RPE 1
01.05.18 pm

05-016 | 346 173 Personal P02 i Removal of 0.02 28 200
AIB ceiling 7 Full face RPE 1
01.05.18 pm

05-017 | 346 173 Personal PO2 i Removal of 0.02 33 200
AIB ceiling i Full face RPE 1
01.05.18 pm

05-018 | 1296 164 Leak i In front of airlock 1 <0.004 1 200
01.05.18 pm

05-019* | 137 36 Personal PO5 i Removing <0.035 2 200
waste from enclosure i Half-
face RPE T 01.05.18 pm

05-020 | 1304 163 Leak i Nextto NPU i <0.004 2.5 200
01.05.18 pm

05-021* | 1097 160 Leak i Nextto NPU i <0.004 2 200
02.05.18 am

05-022 | 1193 161 Leak i In front of airlock 1 <0.004 4 200

02.05.18 am
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration of fibres of fields
number | (litres) (min) (f/ml) counted counted
05-023 | 350 175 Personal P03 1 Removal of 0.08 100 188
AIB ceiling i Full face RPE 1
02.05.18 am
05-024 | 341 175 Personal P03 1 Removal of 0.06 86 200
AIB ceiling 7 Full face RPE 1
02.05.18 am
05-025 | 358 179 Personal P04 i Removal of 0.015 21 200
AIB ceiling i Full face RPE 1
02.05.18am
05-026 | 349 179 Personal P04 i Removal of <0.014 12 200
AIB ceiling i Full face RPE 1
02.05.18 am
05-027 | 418 167 Personal P02 i Removal of 0.09 100 142
AIB ceiling 7 Full face RPE T
02.05.18 am
05-028 | 334 167 Personal P02 i Removal of 0.07 94 200
AIB ceiling 1 Full face RPE 1
02.05.18 am
05-029 | 207 69 Personal PO5 17 Removing <0.023 3 200

waste from enclosure i Half-
face RPE T 02.05.18 pm

92



Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration | Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
05-030 | 390 156 Personal PO3 7 Removal of | 0.06 102 160
AIB ceiling i Full face RPE T
02.05.18 pm
05-031 | 312 156 Personal PO3 7 Removal of 0.08 108 192
AIB ceiling i Full face RPE 1
02.05.18 pm
05-032 | 326 159 Personal PO2 i Removal of 0.02 32 200
AIB ceiling i Full face RPE 1
02.05.18 pm
05-033 | 318 159 Personal PO2 i Removal of 0.03 41 200
AIB ceiling i Full face RPE 1
02.05.18 pm
05-034 | 298 157 Personal P04 i Removal of 0.02 27 200
AIB ceiling 7 Full face RPE T
02.05.18 pm
05-035 | 306 157 Personal PO4 i Removal of 0.03 41 200
AIB ceiling i Full face RPE i
02.05.18 pm
05-036 | 1240 159 Leak i Nextto NPU i <0.004 2 200
02.05.18 pm
05-037 | 1248 159 Leak i In front of airlock 1 <0.004 7 200

02.05.18 pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration | Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
05-038 | 444 185 Personal PO4 i Removal of 0.011 19.5 200
AIB ceiling i Full face RPE 1
03.05.18 am
05-040 | 322 165 Personal PO3 i Removal of 0.46 102 35
AIB ceiling i Full face RPE 1
03.05.18 am
05-041 | 297 165 Personal PO3 i Removal of 0.13 105 140
AIB ceiling i Full face RPE 1
03.05.18 am
05-042 | Pump N/A Personal PO2 i Removal of Pump Failed N/A N/A
failed AIB ceiling i Full face RPE 1
03.05.18 am
05-043 | Pump N/A Personal PO2 i Removal of Pump failed N/A N/A
failed AIB ceiling 7 Full face RPE T
03.05.18 am
05-044 | Pump N/A Leak i In front of airlock i Pump failed N/A N/A
failed 03.05.18 am
05-045 | 1288 163 Leak i Nextto NPU i <0.004 8.5 200
03.05.18 am
05-046 | 1170 175 Leak i In front of airlock 1 <0.004 5.5 200

03.05.18 pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration of fibres of fields
number | (litres) (min) (f/ml) counted counted
05-047 | 1509 191 Leak T Nextto NPU i <0.003 2 200
03.05.18 pm
05-048 | 147 49 Personal PO5 7 Removing <0.033 2 200
waste from enclosure i Half-
face RPE T 03.05.18 pm
05-049 | 338 173 Personal P03 7 Removal of 0.14 100 104
AIB ceiling 7 Full face RPE 1
03.05.18 pm
05-050 | 338 173 Personal P03 1 Removal of 0.1 100 148
AIB ceiling i Full face RPE 1
03.05.18 pm
05-051 | 320 194 Personal P02 i Removal of 0.05 62 200
AIB ceiling 7 Full face RPE T
03.05.18 pm
05-052 | 350 194 Personal P02 i Removal of 0.03 45 200
AIB ceiling i Full face RPE 1
03.05.18 pm
05-053 | 288 186 Personal P04 i Removal of 0.07 78 200

AIB ceiling i Full face RPE T
03.05.18 pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number

Sample | volume | duration | Location/Activity concentration | of fibres | of fields

number | (litres) (min) (f/ml) counted | counted

05-054 | 124 42 Personal PO5 7 Removing <0.039 3.5 200
waste from enclosure i Half-
face RPE T 03.05.18 pm

05-055 |1011 128 Leak i Nextto NPU i <0.005 4 200
04.05.18 am

05-056 | 941 188 Leak i In front of airlock i <0.005 8.5 200
04.05.18 am

05-057 | 607 337 Personal PO4 7 Final cleani | 0.06 100 136
Full face RPE T 04.05.18
am/pm

05-058 | 539 337 Personal PO4 7 Final cleani | 0.02 47 200
Full face RPE 7 04.05.18
am/pm

05-059 | 594 370 Personal PO3 7 Final cleani | 0.015 35 200
Full face RPE T 04.05.18
am/pm

05-060 | 457 254 Personal PO2 7 Final cleani | 0.02 32 200
Full face RPE T 04.05.18
am/pm

05-061 |483 254 Personal PO2 1 Finalcleani | 0.014 27 200

Full face RPE T 04.05.18
am/pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number

Sample | volume | duration | Location/Activity concentration | of fibres | of fields

number | (litres) (min) (f/ml) counted counted

05-062 |59 31 Personal PO5 i Removing <0.081 4 200
waste from enclosure 7 Half-
face RPE T 04.05.18 am

05-063 | 443 197 Personal Analyst 1 Visual <0.011 11.5 200
Inspection i 04.05.18 am/pm

05-064 | 504 63 Parallel clearance test i 0.011 22 200
04.05.18 pm

05-065 | 504 63 Parallel clearance test i <0.010 18 200
04.05.18 pm

05-066 | 504 63 Parallel clearance test <0.010 11.5 200
04.05.18 pm

05-067 | 504 63 Parallel clearance test i 0.0098 195 200
04.05.18 pm

05-068 | 504 63 Parallel clearance test i <0.010 15.5 200
04.05.18 pm

05-070 | 248 84 Personal PO3 i Dismantling <0.019 10 200
enclosure 7 Half-face mask i
05.05.18 am

05-071 | 202 84 Personal PO3 i Dismantling <0.024 7 200

enclosure 7 Half-face mask -
05.05.18 am
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration of fibres of fields
number | (litres) (min) (f/ml) counted counted
05-072 | 245 83 Personal PO4i Dismantling <0.020 4.5 200
enclosure 1 Half-face mask -
05.05.18 am
05-073 | 203 83 Personal PO4i Dismantling <0.024 6 200
enclosure 1 Half-face mask -
05.05.18 am
05-075 | 601 61 Leak i To side of airlock 1 <0.008 3 200
04.05.18 pm
05-076 | 757 78 Reassurance i Inside <0.006 95 200
enclosure 1 05.05.18 am
05-077 | 960 97 Reassurance i Between <0.005 7 200
airlock and NPU 7 05.05.18
am

* Sample volume estimated due to pump failure T data not used in graphs
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7.1.6

Site 6 Results

Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
06-001 | 1056 120 Background (Enclosure 2) - | <0.005 3 200
1st floor office area -
5.11.18 am
06-002 | 936 120 Background (Enclosure 2) - | <0.005 4 200
1st floor office area -
5.11.18 am
06-003 | 286 220 Personal PO5 17 Removal 0.12 100 148
Enclosure 1 7 Full face RPE
7 5.11.18 pm
06-004 | 255 222 Personal PO6 i Removal 0.29 100 68
Enclosure 17 Full face RPE
T 5.11.18 pm
06-005 | 1008 126 Leak (Enclosure 1) i <0.005 7 200
Ground floor near air locks -
5.11.18 pm
06-006 | 998 128 Background (Enclosure 2) - | <0.005 1.5 200
1st floor office area 1
5.11.18 pm
06-007 | - N/A Leak (Enclosure 1) i Pump failed N/A N/A
Ground floor near NPU - Checked after
5.11.18 pm
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Site Sample | Sample Static/ Personal - Fibre Number Number
Sample | volume | duration Location/Activity concentration of fibres of fields
number | (litres) (min) (f/ml) counted counted
30 mins of
sampling
06-008 | 557 79 Leak (Enclosure 1) i <0.009 4 200
Ground floor near NPU 1
5.11.18 pm
06-009 | 242 210 Personal PO8 - Removal 0.16 104 132
Enclosure 1- Full face RPE
6.11.18 am
06-010 | 253 211 Personal PO7 - Removal 0.23 8 200
Enclosure 1- Full face RPE
6.11.18 am
06-011 | 1304 165 Leak (Enclosure 1) i <0.004 4 200
Ground floor near air locks -
6.11.18 am
06-012 | 1312 165 Leak (Enclosure 1) i <0.004 0.5 200
Ground floor near NPU -
6.11.18 am
06-013 | 927 309 Background (Enclosure 2) - | <0.005 3 200
1st floor office area -
5.11.18 am/pm
06-014 | 244 174 Personal P10 - Removal 0.12 100 180

Enclosure 1- Full face RPE
6.11.18 pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
06-015 | 276 230 Personal P09 - Removal 0.1 100 188
Enclosure 1- Full face RPE
6.11.18 pm
06-016 | 1142 192 Leak (Enclosure 1) 1 <0.004 5 200
Ground floor near air locks -
6.11.18 pm
06-017 | 1140 190 Leak (Enclosure 1) i <0.004 1.5 200
Ground floor near NPU -
6.11.18 pm
06-018 | 613 103 Background (Enclosure 2) - | <0.008 8.5 200
1st floor office area -
6.11.18 pm
06-019 | 1418 465 Reassurance (Enclosure 1) | <0.003 4 200
- Ground floor i 15.11.18
am/pm
06-020 | 958 122 Reassurance (Enclosure 2) | <0.005 15 200
T 1st floor next to airlocks i
15.11.18 am
06-021 | 958 122 Reassurance (Enclosure 2) | 0.006 24 200

T 1st floor enclosure area 1

15.11.18 am
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
06-022 | 1193 222 Reassurance (Enclosure 2) | 0.008 41 200
T 1st floor enclosure area i
15.11.18 am/pm
06-023 | 1427 468 Reassurance (Enclosure 1) | <0.003 18 200
- Ground floor 7 16.11.18
am/pm
06-024 | 1203 248 Leak (Enclosure 2) i 1st 0.006 28 200
floor back stairwell
16.11.18 am
06-025 | 1208 249 Leak (Enclosure 2) 1 1st <0.004 9 200
floor next to airlocks i
16.11.18 am
06-026 | 247 206 Personal PO7 - Removal 0.06 57 200
Enclosure 2- Full face RPE
16.11.18 am
06-027 | 252 210 Personal P09 - Removal 0.03 28 200
Enclosure 2- Full face RPE
16.11.18 am
06-028 | 193 99 Personal P09 - Removal 0.27 102 100

Enclosure 2- Full face RPE
16.11.18 pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
06-029 | 304 103 Personal PO5- Removal 0.04 49 200
Enclosure 2- Full face RPE
16.11.18 pm
06-030 | 821 821 Leak (Enclosure 2) T 1st 0.06 2 200
floor next to airlocks 1
16.11.18 pm
06-031 | 773 773 Leak (Enclosure 2) i 1st 0.08 1 200
floor back stairwell
16.11.18 pm
06-032 | 266 222 Personal P08 - Removal 0.49 104 40
Enclosure 2- Full face RPE
17.11.18 am
06-033 | 268 223 Personal P09 - Removal 0.45 100 42
Enclosure 2- Full face RPE
17.11.18 am
06-034 | 960 243 Reassurance (Enclosure 1) | <0.005 0 200
- Ground floor7 17.11.18
am
06-035 | 1193 241 Leak (Enclosure 2) 1 1st <0.004 1 200

floor back stairwell T
17.11.18 am
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
06-036 | 1210 242 Leak (Enclosure 2) i 2nd <0.004 5 200
floor office kitchen i
17.11.18 am
06-037 | 1198 242 Leak (Enclosure 2) T 1st <0.004 3 200
floor next to airlocks i
17.11.18 am
06-038 | 178 45 Personal P04 7 Waste runi | <0.027 2.5 200
Half-face RPE T 17.11.18
am
06-039 | 226 226 Personal P09 - Removal 0.29 100 78
Enclosure 2- Full face RPE
19.11.18 am
06-040 | 275 229 Personal P08 - Removal 0.26 100 72
Enclosure 2- Full face RPE
19.11.18 am
06-041 | 2444 611 Reassurance (Enclosure 1) | <0.002 6 200
- Ground floor 7 19.11.18
am/pm
06-042 | 1188 240 Leak (Enclosure 2) 1 1st <0.004 4 200

floor back stairwell T
19.11.18 am
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
06-043 | 1205 241 Leak (Enclosure 2) i 1st <0.004 4 200
floor next to airlocks i
19.11.18 am
06-044 | 282 235 Personal P11 - Removal 0.2 100 88
Enclosure 2- Full face RPE
19.11.18 pm
06-045 | 305 254 Personal P05 - Removal 0.24 102 72
Enclosure 2- Full face RPE
19.11.18 pm
06-047 | 976 109 Reassurance (Enclosure 1) | <0.005 0 200
- Ground floor 7 19.11.18
am/pm
06-048 | 300 250 Personal P06 - Removal 0.42 100 40
Enclosure 2- Full face RPE
19.11.18 pm
06-049 | 295 246 Personal P09 - Removal 0.96 112 20
Enclosure 2- Full face RPE
19.11.18 pm
06-050 | 1295 194 Leak (Enclosure 2) 1 1st <0.004 2 200

floor next to airlocks T
19.11.18 pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
06-051 | 1265 194 Leak (Enclosure 2) i 1st <0.004 5 200
floor back stairwell
19.11.18 pm
06-052 | 310 200 Personal PO4 7 Waste run - | <0.016 14 203
Half face RPE 19.11.18 pm
06-053 | 162 231 Personal P08 - Removal 0.34 100 91
Enclosure 2- Full face RPE
20.11.18 am/pm
06-054 | 234 128 Personal P09 - Removal 0.4 100 54
Enclosure 2- Full face RPE
20.11.18 am
06-055 | 221 245 Personal PO7 - Removal 0.66 101 35
Enclosure 2- Full face RPE
-20.11.18 am
06-056 | 233 245 Personal P06 - Removal 0.89 106 26
Enclosure 2- Full face RPE -
20.11.18 am
06-057 | 1420 284 Leak (Enclosure 2) 1 1st <0.003 6 200

floor next to airlocks T
20.11.18 am/pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
06-058 | 1470 297 Leak (Enclosure 2) i 1st <0.003 4 200
floor back stairwell
20.11.18 am/pm
06-059 | 2364 591 Reassurance (Enclosure 1) | <0.002 17 200
- Ground floor 7 20.11.18
am/pm
06-060 | 242 242 Personal P09 - Removal 1.12 107 20
Enclosure 2 - Full face RPE
20.11.18 pm
06-061 | 241 241 Personal P06 - Removal 0.5 100 42
Enclosure 2- Full face RPE
20.11.18 pm
06-062 | 263 250 Personal P11 - Removal 0.13 102 150
Enclosure 2- Full face RPE
20.11.18 pm
06-063 | 258 258 Personal P05 - Removal 0.26 101 76
Enclosure 2- Full face RPE
20.11.18 pm
06-064 | 1167 226 Leak (Enclosure 2) 1 1st <0.004 7 200

floor next to airlocks T
20.11.18 pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
06-065 | 1114 225 Leak (Enclosure 2) i 1st <0.004 4 200
floor back stairwell
20.11.18 pm
06-066 | 309 103 Personal PO4 7 Waste run - | <0.016 5.5 200
Half face RPE 20.11.18 pm
06-067 | 235 235 Personal P09 - Removal 0.66 101 33
Enclosure 2- Full face RPE
21.11.18 am
06-068 | 223 235 Personal P08 - Removal 0.12 100 94
Enclosure 2- Full face RPE
21.11.18 am
06-069 | 223 223 Personal P10 - Removal 0.08 69.5 200
Enclosure 2- Full face RPE
21.11.18 am
06-070 | 220 232 Personal PO7 - Removal 0.55 100 42
Enclosure 2- Full face RPE
21.11.18 am
06-071 | 988 208 Leak (Enclosure 2) i 1st <0.005 2.5 200

floor next to airlocks T
21.11.18 am
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
06-072 | 2435 594 Reassurance (Enclosure 1) | Filter occluded | - -
- Ground floor 1 21.11.18
am/pm
06-073 | 1135 239 Leak (Enclosure 2) T 1st <0.004 11 200
floor back stairwell
21.11.18 am
06-074 | 253 253 Personal P05 - Removal 0.2 101 103
Enclosure 2- Full face RPE
21.11.18 pm
06-075 | 242 242 Personal P06 - Removal 0.31 100 67
Enclosure 2- Full face RPE
21.11.18 pm
06-076 | 181 181 Personal P08 - Removal Filter occluded | - -
Enclosure 2- Full face RPE
21.11.18 pm
06-077 | 246 246 Personal P09 - Removal 0.32 100 64
Enclosure 2- Full face RPE
21.11.18 pm
06-078 | 1193 241 Leak (Enclosure 2) 1 1st <0.004 4 200

floor back stairwell T
21.11.18 pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
06-079 | 1203 243 Leak (Enclosure 2) i 1st <0.004 4.5 200
floor next to airlocks i
21.11.18 pm
06-080 | 255 85 Personal PO4 i Waste run - | <0.019 8.5 200
Half face RPE 21.11.18 pm
06-081 | 1936 490 Reassurance (Enclosure 1) | <0.002 15.5 200
- Ground floor i 22.11.18
am/pm
06-082 | 1230 246 Leak (Enclosure 2) T 1st <0.004 2.5 200
floor next to airlocks i
22.11.18 am
06-083 | 1233 249 Leak (Enclosure 2) 1 1st <0.004 14.5 200
floor back stairwell
22.11.18 am
06-084 | 1188 240 Leak (Enclosure 2) 1 2nd <0.004 20 200
floor Kitchen area 1
22.11.18 am
06-085 | 235 235 Personal P09 - Removal 0.16 103.5 142

Enclosure 2- Full face RPE
22.11.18 am
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
06-086 | 130 216 Personal P08 - Removal 0.12 61 200
Enclosure 2- Full face RPE
22.11.18 am
06-087 | 230 230 Personal PO7 - Removal 0.15 100.5 146
Enclosure 2- Full face RPE
22.11.18 am
06-088 | 234 234 Personal P06 - Removal 0.25 103.5 89
Enclosure 2- Full face RPE
22.11.18 am
06-089 | 1305 261 Leak (Enclosure 2) 1 1st <0.004 6 200
floor next to airlocks i
22.11.18 pm
06-090 | 750 150 Leak (Enclosure 2) 7 1st <0.006 2.5 200
floor back stairwell T
22.11.18 pm
06-091 | 1411 285 Leak (Enclosure 2) 1 2nd <0.003 10.5 200
floor Kitchen area 1
22.11.18 pm
06-092 | 243 243 Personal P06 - Removal 0.13 101 157

Enclosure 2- Full face RPE
22.11.18 pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
06-093 | 252 252 Personal P11 - Removal 0.09 92.5 200
Enclosure 2- Full face RPE
22.11.18 pm
06-094 | 252 252 Personal P09 - Removal 0.41 101 49
Enclosure 2- Full face RPE
22.11.18 pm
06-095 | 172 172 Personal P10 - Removal 0.05 32 200
Enclosure 2- Full face RPE
22.11.18 pm
06-096 | 209 71 Personal P04 i Waste run - | <0.023 45 200
Half face RPE 22.11.18 pm
06-097 | 238 238 Personal P09 - Removal 0.3 101 71
Enclosure 2- Full face RPE
23.11.18 am
06-098 | 247 247 Personal P08 - Removal 0.22 101 93
Enclosure 2- Full face RPE
23.11.18 am
06-100 | 247 235 Personal P06 - Removal 0.27 104 78

Enclosure 2- Full face RPE
23.11.18 am
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
06-101 | 1218 246 Leak (Enclosure 2) i 1st <0.004 5 200
floor next to airlocks i
23.11.18 am
06-102 | 1544 429 Reassurance (Enclosure 1) | <0.003 7.5 200
- Ground floor i 23.11.18
am/pm
06-103 | 1798 367 Leak (Enclosure 2) 7 1st <0.003 8 200
floor back stairwell
23.11.18 am/pm
06-104 | 1025 205 Leak (Enclosure 2) i 1st <0.005 3 200
floor next to airlocks i
23.11.18 pm
06-105 | 185 185 Personal P08 - Removal 0.59 100 46
Enclosure 2- Full face RPE
23.11.18 pm
06-106 | 188 188 Personal P09 - Removal 0.13 93 200
Enclosure 2- Full face RPE
23.11.18 pm
06-107 |99 99 Personal PO4 1 Waste run - | <0.048 2 200
Half face RPE 23.11.18 pm
06-108 | 170 179 Personal PO4 1 Supervisor | <0.028 18.5 204

visual/ Fine clean Enclosure
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Site
Sample
number

Sample
volume
(litres)

Sample
duration
(min)

Static/ Personal -
Location/Activity

Fibre
concentration
(f/ml)

Number
of fibres
counted

Number
of fields
counted

2- Full face RPE 24.11.18
am

06-109

895

179

Leak (Enclosure 2) i 1st
floor next to airlocks 1
24.11.18 am

<0.005

200

06-110

886

179

Leak (Enclosure 2) i 1st
floor next to airlocks 1
24.11.18 am

<0.005

0.5

200

06-111

850

170

Leak (Enclosure 2) T 1st
floor back stairwell
24.11.18 am

<0.006

200

06-112

239

239

Personal P09 1 Fine clean
Enclosure 2 - Full face RPE
26.11.18 am

0.06

54.5

200

06-113

239

239

Personal P04 i Supervisor
visual Enclosure 2- Full face
RPE 26.11.18 am

0.04

34

200

06-114

1100

220

Leak (Enclosure 2) i 1st
floor next to airlocks T
26.11.18 am

<0.004

200

06-115

1049

212

Reassurance (Enclosure 3)
-1stfloori 26.11.18 am

<0.005

6.5

200
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
06-116 | 1105 221 Leak (Enclosure 2) i 1st <0.004 10.5 200
floor back stairwell
26.11.18 am
06-117 | 2124 531 Reassurance (Enclosure 1) | <0.002 9 200
- Ground floor i 26.11.18
am/pm
06-118 | 220 232 Personal P09 i Fine clean 0.18 101.5 132
Enclosure 2 - Full face RPE
26.11.18 pm
06-119 | 239 239 Personal PO4 i Supervisor | 0.03 30.5 200
visual Enclosure 2- Full face
RPE 26.11.18 pm
06-120 | 1195 239 Leak (Enclosure 2) 7 1st <0.004 2.5 200
floor next to airlocks 1
26.11.18 pm
06-121 | 1175 235 Reassurance (Enclosure 3) | <0.004 9 200
-1st floor 7 26.11.18 pm
06-122 | 1139 230 Leak (Enclosure 2) i 1st 0.004 20 200

floor back stairwell T
26.11.18 pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
06-123 | 1117 228 Leak (Enclosure 2) i 1st <0.004 4.5 200
floor next to airlocks i
27.11.18 am/pm
06-124 | 1125 225 Reassurance (Enclosure 3) | <0.004 4.5 200
-1st floor 7 27.11.18 am
06-125 | 1200 240 Leak (Enclosure 2) 7 1st <0.004 17 200
floor back stairwell i
27.11.18 am/pm
06-126 | 1308 327 Reassurance (Enclosure 1) | 0.005 24 200
- Ground floor 1 27.11.18
am/pm
06-127 | 131 87 Personal P12 i Analyst 0.05 255 200
visual Enclosure 2 - Half
face RPE 27.11.18 pm
06-128 | 524 214 Personal P04 i Assisting 0.02 49 200
analyst visual Enclosure 2-
Full face RPE 27.11.18 pm
06-129 | 1143 231 Reassurance (Enclosure 3) | <0.004 2 200
-1st floori 27.11.18 pm
06-130 | 493 45 Leak (Enclosure 2) i 1st <0.010 2 200

floor next to airlocks 1
27.11.18 pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
06-131 | 238 251 Personal PO9 i Fine clean 0.03 24 200
Enclosure 2 - Full face RPE
28.11.18 am/pm
06-132 | 251 251 Personal PO7 i Fine clean 0.02 19 200
Enclosure 2 - Full face RPE
28.11.18 am
06-133 | 1297 7273 Leak (Enclosure 2) 7 1st <0.004 2 200
floor next to airlocks i
28.11.18 am
06-134 | 1318 269 Reassurance (Enclosure 3) | <0.004 2.5 200
-1stfloor7 28.11.18 am
06-135 | 1700 425 Reassurance (Enclosure 1) | 0.003 20.5 200
- Ground floor 7 28.11.18
am/pm
06-136 | 1275 255 Leak (Enclosure 2) i 1st <0.004 2 200
floor back stairwell
28.11.18 am
06-137 | 293 244 Personal PO9 1 Removing 0.08 87 201

ceiling tiles Enclosure 3 -
Full face RPE 28.11.18 pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
06-138 | 298 248 Personal PO6 i Fine clean 0.02 26.5 200
Enclosure 2 - Full face RPE
28.11.18 pm
06-139 | 1180 236 Leak (Enclosure 3) i 1st <0.004 9 200
floor next to airlocks i
28.11.18 pm
06-140 | 1158 234 Leak (Enclosure 2) 7 1st <0.004 1.5 200
floor next to airlocks i
28.11.18 pm
06-141 | 1200 240 Leak (Enclosure 2) i 1st <0.004 4 200
floor back stairwell
28.11.18 pm
06-142 | 274 228 Personal P09 T Sheeting 0.03 28 200
Enclosure 3 - Full face RPE
29.11.18 am
06-143 | 272 227 Personal P10 7 Fine clean <0.018 9 200
Enclosure 2 - Full face RPE
29.11.18 am
06-144 | 1122 229 Leak (Enclosure 3) T 1st <0.004 2.5 200

floor next to airlocks T
29.11.18 am
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Site Sample | Sample Static/ Personal - Fibre Number | Number

Sample | volume | duration Location/Activity concentration | of fibres | of fields

number | (litres) (min) (f/ml) counted | counted

06-145 | 1129 228 Leak (Enclosure 2) i 1st <0.004 5 200
floor next to airlocks i
29.11.18 am

06-146 | 1132 231 Leak (Enclosure 2) T 1st <0.004 1.5 200
floor back stairwell
29.11.18 am

06-147 | 932 233 Reassurance (Enclosure 1) | <0.005 12 200
- Ground floor 1 29.11.18
am

06-148 | 502 64 Parallel clearance test i 0.03 51.5 200
Enclosure 27 11.12.18 pm

06-149 | 506 64 Parallel clearance test i 0.02 32 200
Enclosure 27 11.12.18 pm

06-151 | 499 64 Parallel clearance test i 0.02 45 200
Enclosure 27 11.12.18 pm

06-152 | 512 64 Parallel clearance test i 0.1 100 102
Enclosure 27 11.12.18 pm

06-153 | 510 64 Parallel clearance test i 0.02 49.5 200
Enclosure 27 11.12.18 pm

06-154 | 150 38 Personal P12i Brush 0.03 19 200

disturbance i Full-face
mask 7 11.12.18 pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
06-155 | Pump N/A Personal P12i Brush Pump failed, N/A N/A
failed, disturbance i Full-face filter clear
filter mask i 12.12.18 am
clear
06-156 | 501 63 Parallel clearance test i 0.09 57 200
Enclosure 27 12.12.18 am
06-157 | 501 63 Parallel clearance test i 0.13 395 200
Enclosure 271 12.12.18 am
06-158 | 501 63 Parallel clearance test i 0.08 64 200
Enclosure 271 12.12.18 am
06-159 | 495 63 Parallel clearance test i 0.11 46.5 200
Enclosure 27 12.12.18 am
06-160 | 499 64 Parallel clearance test i 0.03 525 200
Enclosure 27 12.12.18 am
06-161 | 499 64 Parallel clearance test i 0.03 59.5 200
Enclosure 271 12.12.18 am
06-162 | 756 42 Reassurance i Enclosure 2 <0.006 11 200

-17.12.18 pm
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7.1.7 Site 7 Results

Site Sample | Sample Static/ Personal - Fibre Number | Number

Sample | volume | duration Location/Activity concentration | of fibres | of fields

number | (litres) (min) (f/ml) counted | counted

07-001 | 330 165 Personal PO6 T Enclosure <0.015 4 200
construction i No RPE i
23.04.19 pm

07-002 |74 37 Personal PO5 T Mobile tower | <0.065 3 200
construction i No RPE i
23.04.19 am

07-003 | 316 162 Personal PO8 1 Enclosure <0.015 1 200
construction i No RPE i
23.04.19 pm

07-004 |76 38 Personal PO6 1 Mobile <0.063 3 200
tower construction i No
RPE T 23.04.19 am

07-005 | 1181 299 Reassurance i Enclosure <0.004 8 200
areai 23.04.19 am/pm

07-006 | 954 120 Reassurance i Enclosure <0.005 4 200
areai 23.04.19 am/pm

07-007 | 1350 172 Reassurance i Enclosure <0.004 9 200
areai 23.04.19 pm

07-008 | 187 96 Personal PO4 1 Enclosure <0.026 2 200

construction T No RPE i
23.04.19 pm

121



Site Sample | Sample Static/ Personal - Fibre Number | Number

Sample | volume | duration Location/Activity concentration | of fibres | of fields

number | (litres) (min) (f/ml) counted | counted

07-009 | 374 202 Personal PO5 1 Enclosure <0.013 9.5 200
construction i No RPE i
24.04.19 am

07-010 | 1069 264 Reassurance i Enclosure <0.004 7.5 200
areai 24.04.19 am

07-011 | 1214 204 Reassurance i Enclosure <0.004 55 200
areai 24.04.19 am

07-012 | 302 201 Personal PO3 17 Enclosure <0.016 4 200
construction i No RPE i
24.04.19 am

07-013 | 297 198 Personal PO6 i Enclosure <0.016 1.5 200
construction i No RPE i
24.04.19 am

07-015 | 780 156 Reassurance i Enclosure <0.006 1.5 200
areai 24.04.19 pm

07-016 | 176 117 Personal PO5 1 Enclosure <0.027 1 200
construction i No RPE i
24.04.19 pm

07-017 | 225 145 Personal PO3 17 Enclosure <0.021 35 200

construction T No RPE i
24.04.19 pm
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Site Sample | Sample Static/ Personal - Fibre Number Number
Sample | volume | duration Location/Activity concentration of fibres of fields
number | (litres) (min) (f/ml) counted counted
07-018 | 182 182 Personal PO6 i Removal 0.04 25 200
work in enclosure 1 Full
Face RPE T 25.04.19 am
07-014 | 183 183 Personal PO8 1 Removal <0.026 6.5 200
work in enclosure 7 Full
Face RPE (Sync) i
25.04.19 am
07-019 | 172 172 Personal PO3 i Removal <0.028 11.5 200
work in enclosure 7 Full
Face RPE T 25.04.19 am
07-020 | 177 177 Personal PO5 i Removal <0.027 25 200
work in enclosure 7 Full
Face RPET 25.04.19 am
07-021 | 1215 300 Leak 7 Nextto enclosure i <0.004 4 200
25.04.19 am
07-022 | 1459 286 Leak 7 Floor above <0.003 2 200
enclosure i 25.04.19 am/pm
07-023 | 159 159 Personal PO3 i Removal <0.03 25 200

work in enclosure 1 Full
Face RPE 1 25.04.19 pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number

Sample | volume | duration Location/Activity concentration | of fibres | of fields

number | (litres) (min) (f/ml) counted | counted

07-024 | 162 162 Personal PO8 1 Removal 0.03 18.5 200
work in enclosure 7 Full
Face RPEI 25.04.19 pm

07-025 | 240 160 Personal PO5 1T Waste runi | <0.020 1 200
Half Face RPE i 25.04.19
pm

07-026 | 252 158 Personal PO6 T Waste runi | <0.019 1 200
Half Face RPE i 25.04.19
pm

07-027 | 960 960 Leak i Next to enclosure by | <0.005 4 200
baglock T 25.04.19 pm

07-028 | 1108 277 Leak i Next to enclosure i <0.004 4.5 200
26.04.19 am

07-029 | 972 243 Leak i Floor above <0.005 8 200
enclosure i 26.04.19 am

07-030 | 235 235 Personal PO6 T Removal 0.03 30.5 200
work in enclosure i Full
Face RPE T 26.04.19 am

07-031 | 266 266 Personal PO3 1T Removal <0.018 8.5 200

work in enclosure 1 Full
Face RPE T 26.04.19
am/pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number

Sample | volume | duration Location/Activity concentration | of fibres | of fields

number | (litres) (min) (f/ml) counted | counted

07-032 | 363 242 Personal PO5 71T Waste runi | <0.013 3.5 200
Half Face RPE i 26.04.19
am/pm

07-033 | 192 192 Personal PO8 1 Removal <0.025 6.5 200
work in enclosure 7 Full
Face RPET 26.04.19 am

07-034 | 146 139 Personal PO4 17 Removal 0.04 22.5 200
work in enclosure 7 Full
Face RPET 29.04.19 am

07-035 | 179 179 Personal PO3 17 Removal <0.027 16.5 200
work in enclosure i Full
Face RPE T 29.04.19 am

07-036 | 181 181 Personal PO6 i Removal <0.027 8 200
work in enclosure 7 Full
Face RPET 29.04.19 am

07-037 | 832 208 Leak 7 Nextto enclosure i <0.006 35 200
29.04.19 am

07-038 | 2100 420 Leak i Floor above <0.002 7.5 200
enclosure i 29.04.19 am/pm

07-039 | 133 133 Personal PO5 1T Removal <0.036 7.5 200

work in enclosure 1 Full
Face RPEi 29.04.19 pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number

Sample | volume | duration Location/Activity concentration | of fibres | of fields

number | (litres) (min) (f/ml) counted | counted

07-040 | 129 129 Personal PO6 i Removal <0.037 6.5 200
work in enclosure 7 Full
Face RPEI 29.04.19 pm

07-041 | 119 119 Personal PO8 i Removal <0.040 13 200
work in enclosure 7 Full
Face RPEiI 29.04.19 pm

07-042 | 116 116 Personal P04 i Removal <0.041 8.5 200
work in enclosure 7 Full
Face RPE 1 29.04.19 pm

07-044 | 545 245 Leak i Next to enclosure by | <0.009 3.5 200
baglock T 29.04.19 pm

07-045 | 1770 437 Leak T Next to enclosure i <0.003 2.5 200
30.04.19 am/pm

07-046 | 1687 427 Leak 1 Floor above <0.003 6 200
enclosure i 30.04.19 am/pm

07-048 | 162 180 Personal PO8 i Removal <0.030 10.5 200
work in enclosure 7 Full
Face RPEi 30.04.19 am

07-049 | 165 183 Personal PO5 7 Removal <0.029 55 200

work in enclosure 1 Full
Face RPET 30.04.19 am
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
07-050 | 175 194 Personal PO8 1 Removal <0.027 4.5 200
work in enclosure 7 Full
Face RPE 1 30.04.19 am
07-051 | 177 177 Personal PO6 1T Removal <0.027 15.5 200
work in enclosure 7 Full
Face RPE T 30.04.19 am
07-052 | 128 142 Personal PO4 i Removal <0.038 5 200
work in enclosure 7 Full
Face RPEI 30.04.19 pm
07-053 | 110 122 Personal PO8 1 Removal <0.044 8 200
work in enclosure i Full
Face RPE 1 30.04.19 pm
07-054 | 124 124 Personal PO6 i Removal <0.039 10 200
work in enclosure 7 Full
Face RPE T 30.04.19 pm
07-055 | 144 137 Personal PO5 17 Removal <0.033 6 200
work in enclosure i Full
Face RPEi 30.04.19 pm
07-056 | 145 181 Personal PO3 1T Removal <0.033 5 200

work in enclosure 1 Full
Face RPET 01.05.19 am
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
07-057 | 132 165 Personal PO4 i Removal <0.036 6.5 200
work in enclosure 7 Full
Face RPEI 01.05.19 am
07-058 | 122 152 Personal PO6 i Removal <0.039 11.5 200
work in enclosure 7 Full
Face RPEi 01.05.19 am
07-059 | 121 151 Personal PO5 1 Removal <0.040 55 200
work in enclosure 7 Full
Face RPEi 01.05.19 am
07-060 | 1728 432 Leak i Next to enclosure by | <0.003 3 200
baglock i 01.05.19 am/pm
07-061 | 1736 434 Leak 1 Floor above <0.003 1.5 200
enclosure i 01.05.19 am/pm
07-062 | 100 125 Personal PO8 i Removal <0.048 3.5 200
work in enclosure (fine
clean) i Full Face RPEI
01.05.19 pm
07-063 |97 121 Personal PO6 i Removal <0.049 1 200

work in enclosure (fine
clean) i Full Face RPEI
01.05.19 pm
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Site
Sample
number

Sample
volume
(litres)

Sample
duration
(min)

Static/ Personal -
Location/Activity

Fibre
concentration
(f/ml)

Number
of fibres
counted

Number
of fields
counted

07-064

116

145

Personal PO3 7T Removal
work in enclosure (fine
clean) i Full Face RPEI
01.05.19 pm

<0.041

4

200

07-065

106

133

Personal P04 i Removal
work in enclosure (fine
clean) i Full Face RPEI
01.05.19 pm

<0.045

2.5

200

07-066

1635

414

Leak i Next to enclosure by
baglock 1 02.05.19

<0.003

200

07-067

214

268

Personal PO8 i Removal
work in enclosure (fine
clean) i Full Face RPEI
02.05.19 am

<0.022

3.5

200

07-068

206

258

Personal PO3 7 Removal
work in enclosure (fine
clean) i Full Face RPEI
02.05.19 am

<0.023

1.5

200

07-069

160

200

Personal P04 i Supervisor
visual i Full Face RPET
02.05.19 am/pm

<0.030

2.5

200
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
07-070 |63 79 Personal PO7 i 4SC visual | <0.076 0 200
i Full Face RPET 02.05.19
am/pm
07-071 | 262 262 Personal PO7 i 4SC visual | <0.018 4 200
i Full Face RPET 03.05.19
am/pm
07-072 | 224 224 Personal P04 i Assisting <0.021 7 200
4SC visual T Full Face
RPET 03.05.19 am/pm
07-073 | 321 321 Personal PO3 i Assisting <0.015 8.5 200
4SC visual i Full Face
RPET 03.05.19 am/pm
07-074 | 1406 356 Leak i Next to enclosure by | <0.003 4.5 200
airlock 1 03.05.19 am/pm
07-075 | 480 246 Parallel Clearance i <0.01 2 200
Enclosure - 03.05.19 pm
07-076 | 480 241 Parallel Clearance i <0.01 2.5 200
Enclosure - 03.05.19 pm
07-077 | 480 243 Parallel Clearance i <0.01 3 200
Enclosure - 03.05.19 pm
07-078 | 480 243 Parallel Clearance i <0.01 1 200

Enclosure - 03.05.19 pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
07-079 | 550 85 Reassurance i Next to <0.009 3 200
enclosure by NPUT
03.05.19 pm
07-080 | 550 54 Reassurance i Next to <0.009 3.5 200
enclosure by baglocki
03.05.19 pm
07-081 | 135 54 Personal P06 i Dismantling | <0.036 2.5 200
enclosure i Half Face RPE
I 03.05.19 pm
07-082 | 133 54 Personal PO5 i Dismantling | <0.036 3 200
enclosure i Half Face RPE
i 03.05.19 pm
07-083 | 138 55 Personal PO8 i Dismantling | <0.035 3.5 200

enclosure i Half Face RPE
I 03.05.19 pm
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7.1.8

Site 8 Results

Site Sample | Sample Static/ Personal - Fibre Number | Number

Sample | volume | duration Location/Activity concentration | of fibres | of fields

number | (litres) (min) (f/ml) counted | counted

08-002 | 1236 206 Reassurance i Enclosure <0.004 11 200
areal 14.10.19 am

08-003 | 1025 205 Reassurance i Enclosure <0.005 45 200
areai 14.10.19 am

08-004 | 340 170 Personal PO5 1 Enclosure 0.02 27 200
construction i Half-face
RPE T 14.10.19 pm

08-005 | 169 169 Personal PO2 7 Enclosure 0.03 225 200
construction i Half-face
RPE T 14.10.19 pm

08-006 | 245 169 Personal PO3 i Enclosure <0.02 11 200
construction i Half-face
RPE T 14.10.19 pm

08-007 | 333 171 Personal PO4 i Enclosure Filter too N/A N/A
construction i Half-face occluded to
RPE T 14.10.19 pm count

08-008 | 688 131 Reassurance i Enclosure <0.007 16 200
area’i 14.10.19 pm

08-009 | 1103 187 Reassurance i Site Cabini | <0.004 16.5 200
14.10.19 pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
08-010 |191 191 Personal PO5 1 Enclosure <0.025 16.5 200
construction i Half-face
RPE T 15.10.19 am
08-011 | 182 192 Personal PO2 7 Enclosure <0.026 18 200
construction i Half-face
RPE T 15.10.19 am
08-012 | 180 189 Personal PO3 i Enclosure <0.027 45 200
construction i Half-face
RPE T 15.10.19 am
08-014 | 1184 191 Reassurance - Next to <0.004 2.5 200
airlocks - 15.10.19 am
08-015 | 475 97 Leak - Next to airlocks - <0.01 15 200
15.10.19 pm
08-016* | 89 145 Personal P04 - Full face - 0.10 36 200
15.10.19 pm
08-017 |64 143 Personal P02 - Full face - 0.13 32 200
15.10.19 pm
08-018 | No final | 81 Personal PO3 i Removal Filter too N/A N/A
flow work -Full face - 15.10.19 overloaded to
reading pm mount. Layer
taken of dust and

debris in cowl.
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Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
08-019 | 121 201 Personal PO3 - Removal 0.05 25.5 200
work - Full face - 16.10.19
am
08-020 | 124 206 Personal P02 - Removal 0.06 30.5 200
work -Full face - 16.10.19
am
08-021 | 130 217 Personal P05 - Removal 0.07 35 200
work - Full face - 16.10.19
am
08-022 | 128 214 Personal P04 - Removal 0.27 102 148
work - Full face - 16.10.19
am
08-023 | 314 157 Personal P08 - Waste run - | <0.015 7 200
Half-face -16.10.19 am
08-024 |73 146 Personal PO3 - Removal <0.066 18.5 200
work - Full face - 16.10.19
pm
08-025 |76 160 Personal P04 - Removal 0.13 39 200
work - Full face - 16.10.19
pm
08-026 | 1006 169 Leak - Next to airlocks by <0.005 95 200

window - 16.10.19 pm
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Site Sample | Sample Static/ Personal - Fibre Number | Number

Sample | volume | duration Location/Activity concentration | of fibres | of fields

number | (litres) (min) (f/ml) counted | counted

08-027 | 186 93 Personal P09 - Waste run - | <0.026 4.5 200
Half-face -16.10.19 pm

08-028 | 95 159 Personal P05 - Removal 0.12 43.5 200
work - Full face - 16.10.19
pm

08-029 | 87 145 Personal P04 - Removal 0.08 28 200
work - Full face - 16.10.19
pm

08-030 | 821 166 Leak - Next to airlocks by <0.006 2.5 200
stairwell - 16.10.19 am

08-031 | 175 219 Personal P04 - Removal 0.04 29.5 200
work - Full face - 17.10.19
am

08-032 | 161 214 Personal PO3 - Removal 0.07 42 200
work - Full face - 17.10.19
am

08-033 | 122 143 Personal P05 - Removal 0.05 23 200
work - Full face - 17.10.19
am

08-034 | 174 218 Personal P03 - Removal 0.03 19 200

work - Full face - 17.10.19
am
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Site Sample | Sample Static/ Personal - Fibre Number | Number

Sample | volume | duration Location/Activity concentration | of fibres | of fields

number | (litres) (min) (f/ml) counted | counted

08-035 | 286 143 Personal P08 - Waste run - | <0.017 1.5 200
Half-face -17.10.19 am

08-036 | 1316 181 Leak - Next to airlocks by <0.004 18.5 200
stairwell - 17.10.19 am/pm

08-037 | 492 41 Parallel Clearance i <0.010 10.5 200
Enclosure -17.10.19 pm

08-038 | 492 41 Parallel Clearance i <0.010 14.5 200
Enclosure -17.10.19 pm

08-039 | 492 41 Parallel Clearance i <0.010 6.5 200
Enclosure -17.10.19 pm

08-040 | 492 41 Parallel Clearance i <0.010 5 200
Enclosure -17.10.19 pm

08-041 | 492 41 Parallel Clearance i <0.010 9.5 200
Enclosure -17.10.19 pm

08-043 | 260 118 Personal PO9 i Supervisor | <0.018 5.5 200
visual - Half-face -17.10.19
pm

08-044 | 248 124 Personal PO7 i 4SC analyst | <0.019 14.5 200

visual - Half-face -17.10.19
pm
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area - 18.10.19 am

Site Sample | Sample Static/ Personal - Fibre Number | Number
Sample | volume | duration Location/Activity concentration | of fibres | of fields
number | (litres) (min) (f/ml) counted | counted
08-045 | 129 86 Personal PO3 i Dismantling | <0.037 8 200
enclosure - Half-face -
18.10.19 am
08-046 | 132 85 Personal P10 i Dismantling | <0.036 8.5 200
enclosure - Half-face -
18.10.19 am
08-047 | 170 83 Personal P10 i Dismantling | 0.03 20 200
enclosure - Half-face -
18.10.19 am
08-048 | 178 89 Personal PO4 i Dismantling | 0.03 22.5 200
enclosure - Half-face -
18.10.19 am
08-049 |612 120 Reassurance i Enclosure 0.015 35.5 200
areai 18.10.19 am
08-050 | 744 120 Reassurance i Enclosure 0.012 34 200

* Sample volume estimated due to pump failure 7 data not used in graphs
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8 AppendixB 1T CCTV Sitills

8.1 Site 3 CCTV stills

Figure 26 Two removal workers inside an enclosure on a scaffold. One shining light onto
an AIB panel the other using a magnet to detect nails

22/06,2017 12:28:20

Figure 27 AIB panel being removed after the nails had been taken out
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22/06,2017 12:31:07—— -~
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Figure 28 One removal worker inside an enclosure on a scaffold with a handheld sprayer
spraying the front of an AIB panel

22/06,2017 13:18:43"
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Figure 29 AIB panel after removal from timber frame. The bottom corner of the panel is
broken
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= S23,06,2017 09:04: 23

Figure 30 Removal worker using crowbar to lever board away from timber frame
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Figure 31 Removal worker Pulling AIB panel away from timber frame. No wetting of the
board was carried out
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10:07:38¢=2 '

Figure 32 Three removal workers in picture. One stood on a step holding an AIB panel
just removed from a timber frame. The other two stood on a scaffold next to the timber
frame, one worker is spraying the recently removed AIB panel

23/06,2017 10:17:39

Figure 33 Removal worker using shaving foam along the edges of AIB panels before nails
are removed
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Figure 34 AIB panel after removal with broken edge showing

Site 5 CCTV stills

¥  02,05/2018 13:57:10

\n

Figure 35 Removal worker using mobile scaffold to remove AIB panel from suspended
ceiling
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Figure 36 Removal worker pulling panel from suspended ceiling without using mobile
scaffold

_ 02/05/2018 14:04:45.

Figure 37 Removal worker breaking AIB panel during removal
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Figure 39 Removal worker spraying board with powered airless sprayer during removal
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03,05,2018 +1:07:08

Figure 40 Removal worker using reciprocating saw to cut up metal framework from the
suspended ceiling

03,05-,2018 11:07:19

“‘JEgl‘

Figure 41 Removal worker using reciprocating saw to cut up metal framework from the
suspended ceiling
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8.2 Site 6 CCTV stills

20-11,2018 13:26:33

Figure 4 2 Removal worker on mobile scaffold (left hand side) pulling away encapsulating
paint

20,11,2018 13:26:43
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Figure 4 3 Removal worker on mobile scaffold (left hand side) pulling away encapsulating
paint
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20-11,2018 13:26:48

—. ]
LT ==
-y

f.-‘l'! 1

Figure 4 4 Removal worker on mobile scaffold (left hand side) pulling away encapsulating
paint

20,11,2018 13:42:43
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Figure 4 5 Removal worker on mobile scaffold (left hand side) pulling away encapsulating
paint
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20/11,2018 16:08:38

-

20,11,2018 13:44:31

Figure 4 7 Removal worker on mobile scaffold cleaning a beam after the removal of the
sprayed coating
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Figure 49 Removal worker on mobile scaffold scraping off sprayed coating from beam
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20,11,2018 15:28:15
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20,11,2018 15:30:56

Figure 5 1 Removal worker on mobile scaffold cleaning a beam after the removal of the
sprayed coating
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8.3 Site 8 CCTV stills

Figure 5 2 Removal workers removing plaster from wall with powered handheld breaker
and airless sprayer

Figure 5 3 Removal workers removing plaster from wall with powered handheld breaker
and airless sprayer
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