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Permit No
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Report Ref

Environmental Compliance Limited

td Installation Name : Ystrad Mynach
: EPR/DP3832EF Visit Details : Annual Compliance Emissions
:N/A Survey Dates : 31° March - 1% April 2015
: P2251 : ROO1 Report Issue Date : 29th April 2015

This report has been prepared by Environmental Compliance Limited (ECL) in their professional capacity
as Environmental Consultants. The contents of the report reflect the conditions that prevailed and the
information available or supplied at the time of its preparation. The report, and the information contained
therein, is provided by ECL solely for use and reliance by the Client in performance of ECLs duties and
liabilities under its contract with the Client. Until ECL has received payment in full as detailed in the
quotation or contract the contents of this report remain the legal property of ECL. The contents of the
report do not, in any way, purport to include any manner of legal advice or opinion.

Should the Client wish to release this report to a Third Party for the party’s reliance, Environmental
Compliance Ltd may, at its discretion, agree to such release provided that:

. Environmental Compliance Ltd gives written agreement prior to such release and ECL has
received payment in full for all works/services undertaken;

o By release of the report to the Third Party, that Third Party does not acquire any rights,
contractual or otherwise, whatsoever against Environmental Compliance Ltd and, accordingly,
Environmental Compliance Ltd assume no duties, liabilities or obligations to that Third Party;

o Environmental Compliance Ltd accepts no responsibility for any loss or damage incurred by the
Client or for any conflict of Environmental Compliance Ltd interests arising out of the Clients’
release of this report to the Third Party.

In the event that a report is revised and re-issued, the client shall ensure that any earlier versions of the
report, and any copies thereof, are void and such copies should be marked with the words ”superseded

and revised”.

Opinions and Interpretation expressed within this report are outside the scope of the
UKAS accreditation.

MCERTS requirements mean that comparison of results with emissions limit values is
not permitted within this report.
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Environmental Compliance Limited

Biotage GB Ltd

Installation Name

: Ystrad Mynach

Permit No : EPR/DP3832EF Visit Details : Annual Compliance Emissions
Variation No :N/A Survey Dates : 31 March - 1% April 2015
Report Ref : P2251 : ROOT Report Issue Date : 29th April 2015
1 Monitoring Objectives
Environmental Compliance Ltd (ECL) was commissioned by Biotage Ltd to
undertake an emission monitoring survey at their Ystard Mynach installation.
This report presents the findings of the study.
The monitoring at this installation was carried out in accordance with our
quotation reference dhfb/P2251/Q001 for compliance check monitoring of
emissions to air. The substances requested for monitoring at each emissions
point are listed below:
Emission Point Identification
Substanpes to R A A3 Ad
be monitored
Velocity / Flowrate o VU o U ° o VY
Oxides of Nitrogen (as NO2) °
Hydrogen Chloride o U o UV
Hydrogen Bromide o U
Methanol o« U o U o U

. Denotes the substances to be monitored.

v Denotes UKAS accreditation is held for monitoring that substance, but does not mean
that it has been claimed which will depend on whether the testing could be
completed in accordance with the Standard Reference Method.

* External laboratory does not hold UKAS accreditation for Hydrogen Bromide

and Methanol

Special Requirements:
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Biotage GB Ltd
Permit No
Variation No
Report Ref

Environmental Compliance Limited

Installation Name

: EPR/DP3832EF Visit Details
:N/A Survey Dates
: P2251 : ROO1 Report Issue Date

1.1 Monitoring Results

: Ystrad Mynach

: Annual Compliance Emissions
: 31 March - 1% April 2015

: 29th April 2015

Periodic , Reference Tika if non-
Emission Point | Substance to be Monitored Emission Monitoring Units Uncertainty Conditions Date of Start and End Times Monitoring Accreditation for [cOnNtorming test Operating
Reference Limit Result 273K, Sampling Method use of Method | (see Sections Status
Value % 101.3 kPa Reference 2&5)
Volumetric Flowrate N/A 0.42 m>/sec 4 Stack Conditions UKAS / MCERTS
09:00 - 09:12 BS EN 16911-1
A1 Main Building| Volumetric Flowrate N/A 0.39 m?/sec 5 P UKAS / MCERTS Normal
EP1 Hydrogen Chloride s 10 106.08 mg/m’ 13 Wet Gas 09:34 - 10:34 BSEN 1911 UKAS / MCERTS
Methanol $ 2700 <1.78 mg/m? 10 09:30 - 10:30 BS EN 13649: 2002 NU
Periodic . Reference Tika if non-
Emission Point | Substance to be Monitored Emission Monitoring Units Uncertainty Conditions Date of Start and End Times Monitoring Accreditation for [cOnforming st operating
Reference Limit Result 273 K, Sampling Method use of Method | (see Sections Status
Value % 101.3 kPa Reference 2&5)
Volumetric Flowrate N/A 0.47 m3/sec 4 Stack Conditions UKAS / MCERTS
| | y y 06:30 — 06:42 BS EN 16911-1 ;
; i Volumetric Flowrate N/A 0.45 m’/sec 5 UKAS / MCERTS
A2 MalEPl;wldmg - 01/04/15 Normal
Hydrogen Chloride $ 29 33.40 mg/m? 13 Wet Gas 06:51 - 07:51 BS EN 1911 UKAS / MCERTS
Methanol $ 27 <1.81 mg/m? 10 06:53 - 07:53 BS EN 13649: 2002 NU
Periodic Reference Tick if'non-
Emission Point | Substance to be Monitored Emission Monitoring Units Uncertainty Conditions Date of Start and End Times Monitoring Accreditation for conformln‘g test Operating
Reference Limit Result 273 K, Sampling Method use of Method | (see Sections Status
Value % 101.3 kPa Reference 2&5)
Volumetric Flowrate N/A 0.38 m>/sec 4 Stack Conditions 155 - 12:07 BS EN 169111 UKAS / MCERTS
11:55-12: -
A3 Main Building Volumetric Flowrate N/A 0.36 m>/sec 5 01/04/15 UKAS / MCERTS Normal
EP3 Oxides of Nitrogen (as NO2) 35.7 56.71 mg/m’ 4 Wet Gas 12:48 — 13:47 BSEN 14792: 2005 | UKAS / MCERTS
Methanol $ 260 10.69 mg/m? 10 12:14 - 13:14 BS EN 13649: 2002 NU
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Biotage GB Ltd

Environmental Compliance Limited

Installation Name

: Ystrad Mynach

Permit No : EPR/DP3832EF Visit Details : Annual Compliance Emissions
Variation No :N/A Survey Dates : 31 March - 1% April 2015
Report Ref : P2251 : ROO1 Report Issue Date : 29th April 2015
Periodic . Reference Tick if non-
Emission Point | Substance to be Monitored Emission Monitoring Units Uncertainty Conditions Date of Start and End Times Monitoring Accreditation for conformln‘g test Operating
Reference Limit Result 273 K, Sampling Method use of Method | (see Sections Status
Value % 101.3 kPa Reference 2&5)
Volumetric Flowrate N/A 0.87 m>/sec 5 Stack Conditions UKAS / MCERTS
A4 Resin Shed 08:30 — 08:42 BS EN 16911-1
EPa Volumetric Flowrate N/A 0.80 m>/sec 5 Wet G 01/04/15 UKAS / MCERTS Normal
et Gas
Hydrogen Bromide $ 0.2 57.63 mg/m? 13 09:04 — 10:04 US EPA Method 26 NU v

The volumetric flowrate shown above is that from the initial pitot traverse. Any other flow measurements made during isokinetic sampling and/ or repeat traverses are shown later in the tables

section.

Notes

Emission Limit Value
Periodic Monitoring Result

Uncertainty

Reference Conditions
Monitoring Method Reference
Accreditation for use of Method
Operating Status

$

NU
NA

The emission limit value is that stated in the permit and will be expressed as a concentration or a mass emission.
The result given is expressed in the same terms and units as the emission limit value.
The uncertainty associated with the quoted result is at the 95% confidence interval. The Uncertainty results DO NOT take into account the effect of the sample location limitations.
All results are expressed at 273 K and 101.3kPa. The oxygen and moisture corrections are stated.
The method stated is in accordance with the Environment Agency Technical Guidance Note M2, or other method approved by the Environment Agency.
The details indicate the accreditation for the use of the complete monitoring method, e.g. MCERTs, UKAS. If use of the method is not accredited "NA" is stated.
The details indicate the feedstock and the loading rate of the plant during monitoring.
Chemical Analysis on sample reagents was performed by an External Laboratory as detailed in Section 4
UKAS Accreditation Held but UKAS Accreditation cannot be claimed for the test as sampling did not comply with the Standard Reference Method (SRM), see section 2 & 5

Method is NOT UKAS Accredited.
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Biotage GB Ltd
Permit No
Variation No
Report Ref

: EPR/DP3832EF

:N/A
: P2251

Environmental Compliance Limited

1.2 Operating Information

Installation Name
Visit Details
Survey Dates
Report Issue Date

: Ystrad Mynach

: Annual Compliance Emissions
: 31 March - 1% April 2015

: 29th April 2015

Emission Point Comparison of Operator CEMS and Periodic Monitoring Results
Reference Process Type Process Duration Fuel Feedstock Abatement Load Parameter Date Time | CEMS Results | Periodic Units
Monitoring
Results
Al Batch Early morning N/A N/A None N/A NP
A2 Continuous N/A N/A N/A None N/A NP
A3 Continuous N/A N/A N/A None N/A NP
A4 Batch Early morning N/A N/A None N/A NP
Notes:
Process Type State whether the process is a continuous or batch process.
Process Duration If a batch process, state the duration, frequency and details of the portion of the batch sampled. If continuous state "NA"
Fuel If applicable, state the fuel type If not applicable state "NA"
Feedstock State the feedstock type
Abatement State the type and whether operational during monitoring. If not applicable state "NA"
Load State the normal load, throughput or rating of the plant
CEMS Data Enter this data for each CEM installed if it is has been provided by operator otherwise state “NP” (NOT PROVIDED)
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Environmental Compliance Limited

Installation Name : Ystrad Mynach
: EPR/DP3832EF Visit Details : Annual Compliance Emissions
Survey Dates : 31 March - 1% April 2015
: ROO1 Report Issue Date : 29th April 2015

Monitoring Deviations

The objective of the survey was to measure the concentrations of pollutants
from the processes / locations as detailed in Section 1. This survey meets the
requirements of the site’s PPC Permit Number: EPR/DP3832EF, where UKAS
and MCERTS accreditation has and could be claimed for the testing in the
monitoring results table.

There were no modifications to the sampling procedures (TPDs) listed in
Section 4.

There were no substance deviations from the original and agreed emissions
monitoring schedule.

Non-conforming tests are as follows:

e The blank concentration for Hydrogen Bromide on A4 was greater than
10% of the ELV. Consequently, UKAS/MCERTS cannot be claimed and the
result shall be reported as “NU".

e The analytical laboratory is not accredited for the analysis of Hydrogen
Bromide. Consequently, UKAS/MCERTS cannot be claimed and the result
shall be reported as “NU".

e The analytical laboratory is not accredited for the analysis of Methanol.
Consequently, UKAS/MCERTS cannot be claimed and the result shall be
reported as “NU".

The Uncertainty of the reported concentrations for these pollutant results
DOES NOT take into account the effect of non-conformities or sample
location limitations.

Homogeneity tests have not been completed for pollutants at the following
locations:

o A1, A2, A3 & A4 - Such tests are not applicable to these locations as the
duct area is < 1m?” and they were not requested by the client.
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Environmental Compliance Limited

Biotage GB Ltd

Permit No : EPR/DP3832EF
Variation No :N/A
Report Ref : P2251 : ROO1

Installation Name
Visit Details
Survey Dates
Report Issue Date

: Ystrad Mynach

: Annual Compliance Emissions
: 31 March - 1% April 2015

: 29th April 2015

PART 2 — SUPPORTING INFORMATION

3 SAMPLING STAFF DETAILS

Site Sampling Team

Names of Site Dates on Site | MCERTS No. | LEVEL Technical
Team Endorsements
lan Hick and 01/04/2015 | \am12 1192 1
Report Reviewer
Name MCERTS No. LEVEL Technical Endorsements
Craig Lewis MM 11 1148 2 TE1, TE2, TE3, TE4

Technical Endorsement Key:-

TE1 — Isokinetic Particulates, Temperature & Velocity Profiles, Oxygen.

TE2 - Isokinetic Extractive Pollutants:- Metals, Dioxin & Furans, PAHs, PCBs, HCI, HF.
TE3 — Non-Isokinetic Extractive Pollutants:- Speciated VOCs, HF, HCI, Cyanide.

TE4 — Continuous Analysers (Combustion Gases):- TVOC, CO, NOx, SO2.
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Environmental Compliance Limited

Installation Name : Ystrad Mynach
: EPR/DP3832EF Visit Details : Annual Compliance Emissions
Survey Dates : 31 March - 1% April 2015
: ROO1 Report Issue Date : 29th April 2015

SAMPLING PROTOCOLS / METHODOLOGIES

Any required modifications to the Technical Procedure Documents (TPDs)
specified below will be detailed in section 2 of this report.

Pressure, Temperature and Velocity

Testing was carried out using a sampling system in accordance with BS EN ISO
16911-1 & MID and In-house technical procedure ECL/TPD/022.

Temperature was recorded using a thermocouple and digital temperature reader.

Velocity and pressure were recorded using an “L” type pitot and digital manometer,
data being recorded in mm H:O.

Combustion Gases (NOx)

Measurements of combustion gases were carried out using an MCERTS Certified
Horiba PG 250 stack gas analyser. Continuous monitoring of emissions was
undertaken over each test period recording minute averaged data (one measurement
every 60 seconds). The measurement techniques for each determinand are as
follows:

Determinand Technique SRM
e NO« Chemiluminescence BS EN 14792: 2005

The analyser was set up with reference to the manufacturers operator handbook and
the in-house technical procedure ECL/TPD/033c. The analyser was calibrated on site
using certified gases which are traceable to ISO 17025. (with uncertainty <2%).
Zero measurements were performed using Nitrogen. The analyser was calibrated
directly into the sample inlet and then checked through the entire sampling system
(including sampling probe, heated & unheated gas transport lines and gas drying/
conditioning system).

Data is presented graphically in the Figures Section, and the minute averaged data is
given in the Tables Section.
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Environmental Compliance Limited

Installation Name : Ystrad Mynach
: EPR/DP3832EF Visit Details : Annual Compliance Emissions
Survey Dates : 31 March - 1% April 2015
: ROO1 Report Issue Date : 29th April 2015

Halogen Halides & Halogens (Hydrogen Bromide Only)

Testing was carried out isokinetically using a Universal Stack Sampling system in
accordance with US EPA Method 26 and In-house technical procedure
ECL/TPD/035. Non-isokinetic sampling can only take place if there are no droplets
present in the stack gas.

In this method the stack gases are filtered to remove particulate matter then the gases
are passed through a series of impingers. The first two impingers each containing
100ml of 0.1N Sulphuric Acid (0.TN H2SOa) the second set of impingers each
containing 100ml of 0.1N Sodium Hydroxide (0.TN NaOH) and finally through an
impinger containing a measured quantity of silica gel.

The first two impingers containing the 0.1N Sulphuric Acid are analysed for
concentrations of Hydrogen Bromide.

Scientific Analysis Laboratories Ltd (SAL) who is situated in Manchester carried out
the analysis of the samples. SAL is not UKAS accredited for this analysis. In addition
to the survey samples, appropriate field blanks and efficiency checks are submitted as
part of the technical procedure.

Hydrogen Chloride

Testing was carried out isokinetically using a Universal Stack Sampling system in
accordance with BS EN 1911 and In-house technical procedure ECL/TPD/036. Non-
isokinetic sampling can only take place if there are no droplets present in the stack
gas.

In this method the stack gases are filtered to remove particulate matter then the gases
are passed through a series of impingers. The first two or three impingers each
containing 100ml of De-ionised Water and finally through an impinger containing a
measured quantity of silica gel.

The impingers containing the de-ionised water are analysed for concentrations of
Hydrogen Chloride by IC (lon Chromatography).

Scientific Analysis Laboratories Ltd (SAL) who is situated in Manchester carried out
the analysis of the samples. SAL is UKAS accredited for this analysis. In addition to
the survey samples, appropriate field blanks and efficiency checks are submitted as
part of the technical procedure.
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Environmental Compliance Limited

Installation Name : Ystrad Mynach
: EPR/DP3832EF Visit Details : Annual Compliance Emissions
Survey Dates : 31 March - 1% April 2015
: ROO1 Report Issue Date : 29th April 2015

Speciated VOC (Methanol Only)

Non-continuous sampling for Speciated VOC (Methanol) was carried out in
accordance with BS EN 13649 and In-house technical procedure ECL/TPD/084. In
this method a metered volume of stack gas is extracted through a standard charcoal
sorbent tube.

Scientific Analysis Laboratories Ltd (SAL) who is situated in Manchester carried out
the analysis of the samples. SAL is not UKAS accredited for the analysis of Methanol.
In addition to the survey samples, appropriate field blanks and efficiency checks are
submitted as part of the technical procedure.

Due to restrictions set out in BS EN 13649, MCERTS/UKAS accreditation can only be
claimed when the target parameters are organic compounds, the sorbent tube used is
a standard charcoal tube and when laboratory analysis is UKAS accredited and
carried out by GC. If other tubes are used, or if analysis is by other means than GC,
then usually only UKAS accreditation can be claimed, as long as the laboratory
analysis is UKAS accredited. (MCERTS accreditation may still be claimed if prior
approval is given for the modifications by the Environment Agency — details will be
given in section 2 of this report).

Laboratory analysis cannot be UKAS accredited for “Total VOC” or “TOP 10
compounds”.

For the subcontract laboratory to claim UKAS accreditation for analysis, the internal
recovery of a spiking compound (desorption efficiency from tube) needs to be above
80%. If it falls below 80% this will be noted on the analysis certificate.

Water Vapour

Testing was carried out using a Universal Stack Sampling system in accordance with
BS EN 14790 and In-house technical procedure ECL/TPD/082.

In this method the stack gases are filtered (in-stack unheated filter or out-stack heated
filter) to remove particulate matter. The gases are then passed through a heated
probe and then to a cooled moisture trapping unit. All unheated parts of the sample
train (outside the sample port) which come into contact with stack gas are weighed
pre and post sampling in order to determine the weight gain.

After each test, a visual inspection of the last impinger is made to confirm that at least

50% of the silica gel column has not changed colour. This indicates satisfactory
collection of water vapour.
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Environmental Compliance Limited

Installation Name : Ystrad Mynach
: EPR/DP3832EF Visit Details : Annual Compliance Emissions
Survey Dates : 31 March - 1% April 2015
: ROO1 Report Issue Date : 29th April 2015

5 SAMPLE POINT DESCRIPTIONS

The homogeneity test is applicable to combustion processes. This includes
but is not restricted to, those regulated under the Waste Incineration
Directive (WID) and the Large Combustion Plant Directive (LCPD).

Homogeneity testing has not been completed at these locations in
accordance with the mandatory requirements of the regulatory authority.

The test is not usually required for stacks with sampling plane areas of <1m?
(below 1.13m in diameter for circular ducts).

The sample locations that were monitored are detailed below:-

Al

The sampling platform does meet the requirements detailed in Technical
Guidance Note (Monitoring) M1”Sampling requirements for stack-emission
monitoring” Environment Agency, and BS EN 13284-1.

The stack diameter is 200mm and the sample platform width back from the
sample port is 2m.

There is one sample port but this is adequate for a duct of this size.

These sample ports is located at a height of approximately 0.75m from the
working sample platform

All sampling was carried out non-isokinetically.

A2

The sampling platform does meet the requirements detailed in Technical
Guidance Note (Monitoring) M1”Sampling requirements for stack-emission
monitoring” Environment Agency, and BS EN 13284-1.

The stack diameter is 200mm and the sample platform width back from the
sample port is 2m.

There is one sample port.

These sample port is located at a height of approximately 0.75m from the
working sample platform

All sampling was carried out non-isokinetically.
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Environmental Compliance Limited

Installation Name : Ystrad Mynach
: EPR/DP3832EF Visit Details : Annual Compliance Emissions
Survey Dates : 31 March - 1% April 2015
: ROO1 Report Issue Date : 29th April 2015

A3

The sampling platform does meet the requirements detailed in Technical
Guidance Note (Monitoring) M1”Sampling requirements for stack-emission
monitoring” Environment Agency, and BS EN 13284-1.

The stack diameter is 200mm and the sample platform width back from the
sample port is 2m.

There is one sample port.

These sample port is located at a height of approximately 0.75m from the
working sample platform

All sampling was carried out non-isokinetically.

A4

The sampling platform does meet the requirements detailed in Technical
Guidance Note (Monitoring) M1”Sampling requirements for stack-emission
monitoring” Environment Agency, and BS EN 13284-1.

The stack diameter is 350mm and the sample platform width back from the
sample port is 2.5m.

There is one sample port.

These sample port is located at a height of approximately 1.2m from the
working sample platform

All sampling was carried out non-isokinetically.
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Biotage GB Ltd
Permit No
Variation No
Report Ref

Environmental Compliance Limited

Installation Name

: EPR/DP3832EF Visit Details
:N/A Survey Dates
: P2251 : ROO1 Report Issue Date

: Ystrad Mynach

: Annual Compliance Emissions
: 31 March - 1* April 2015

: 29th April 2015

EQUIPMENT IDs
(Pre site checklist from SSP)
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Biotage GB Ltd
Permit No
Variation No
Report Ref

: EPR/DP3832EF
:N/A
: P2251

Environmental Compliance Limited

: ROO1

Installation Name

Report Issue Date

Visit Details
Survey Dates

: Ystrad Mynach

: Annual Compliance Emissions
: 31 March - 1* April 2015

: 29th April 2015

PRE SITE EQUIPMENT CHECKLIST/ EQUIPMENT USED

(Completed before departure to site and when on site in full)

Heated Line

Equipment E_It_l;plz ID No: ID No: ID No: ID No: ID No: ID No: ID No: ID No:
MST console/pump uo11
MST Nozzle set
MST “S” Type Pitot
MST Probe 141
MST Hot Box 977
MST Impinger Arm F001 | 657
ping 980
Barometer 629
Site Balance 368
Site Check weights 598
599
Horiba 511
Heated Probe / Filter 806
Chiller E002 | 970
Sonimix / MFC 934 761
Heated Line 1013 | 1014
FID E003

Heated Probe / Filter

FTIR

Heated Probe / Filter

Heated Line

Stackmite

“L” Type Pitot

Digital Manometer

Stack Thermocouple

Thermocouple Reader

Nozzle Set

Workhorse Pumps

E005

E006

E007

491

506

421

464

431

164

.

Low Flow Pumps

| Quantity of Ice Required / Used for Survey | 4

| Bags (2kg bags)
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Report Ref

Environmental Compliance Limited

Installation Name

: EPR/DP3832EF Visit Details
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FIGURES
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Environmental Compliance Limited

Biotage GB Ltd

Installation Name : Ystrad Mynach
Permit No : EPR/DP3832EF Visit Details : Annual Compliance Emissions
Variation No :N/A Survey Dates : 31 March - 1* April 2015
Report Ref : P2251 : ROO1 Report Issue Date : 29th April 2015
L]
Figure 1
Data Recorded From Biotage GB Ltd, Ystrad Mynach, A3, EP3,
on 31/03/2015 Between 12:48 and 13:47
Data Presented at 273K, 101.3kPa, Wet Gas and No Correction for Oxygen
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TABLES
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Environmental Compliance Limited

Biotage GB Ltd Installation Name : Ystrad Mynach

Permit No : EPR/DP3832EF Visit Details : Annual Compliance Emissions
Variation No :N/A Survey Dates : 31 March - 1* April 2015
Report Ref : P2251 : ROO1 Report Issue Date : 29th April 2015

Table 1 — HCI

Data Recorded from A1 - Main Building EP1

Emission Parameter Units HCI-1 Blank
Stack Diameter metres 0.20

Area of Sample Plane m? 0.031

Moisture Content % 1.01

Oxygen Content % 20.90

Stack Temperature °C 13

Gas Velocity (as Measured) m/sec 12.53

Gas Velocity (Reference Conditions) m/sec* 11.75

Volumetric Flowrate (as Measured) m?/sec 0.39

Volumetric Flowrate (Reference Conditions) m3/sec* 0.37

Dry Gas Molecular Weight g/gmole 28.856

Sample Date 31/03/2015

Sample Period 09:34 -10:34

Sample Volume (reference Conditions) m3* 0.566 0.566
Sample Reference (ECL ID) ECL/15/ | 1546/1547 1548
Mass of Hydrogen Chloride Collected mg 60.04 0.01
Concentration of Hydrogen Chloride mg/m?* 106.08 0.02
Emission Rate of Hydrogen Chloride g/hr 140.97

Expanded Uncertainty (% Relative) % 13

Emission Limit Value (ELV) mg/m>* 10

Impinger Collection Efficiency % 100

Blank Concentration as Percentage of ELV % <1.00%

*Reference Conditions ( 273K, 101.3kPa, Wet Gas )
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Environmental Compliance Limited

Biotage GB Ltd

Permit No
Variation No
Report Ref

: EPR/DP3832EF
:N/A

: P2251 : ROO1

Installation Name

Survey Dates
Report Issue Date

Visit Details

Biotage GB LTD

: Ystrad Mynach

: Annual Compliance Emissions
: 31 March - 1* April 2015

: 29th April 2015

Table 2 — Methanol

Ystrad Mynach Main builiding EP1 A1

Emission Parameter Units Value

Stack Diameter mm 200

Area of Sample Plane m? 0.031

Meter Temperature °C 11.83

StackTemperature °C 13.10

Sample Date 31.03.15

Sample Period .. 09:30-10:30

Sample Volume (as Measured) m3 0.0059

Sample Volume (reference Conditions) m3* 0.0056

Sample Tube Results Speciated VOCs 1 Blank
Sample Reference ECL/15/1549 Units _|Concentration*| Uncertainty | Concentration
Concentration of Methanol mg/m? 1.78 10.33% 1.78

*Reference Conditions: 273 K, 101.3 kPa, Wet Gas
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Biotage GB Ltd
Permit No
Variation No
Report Ref

Environmental Compliance Limited

Installation Name

: EPR/DP3832EF Visit Details
:N/A Survey Dates
: P2251 : ROO1 Report Issue Date

: Ystrad Mynach

: Annual Compliance Emissions
: 31 March - 1* April 2015

: 29th April 2015

Table 3 — HCI

Data Recorded from A2 - Main Building EP2

Emission Parameter Units HCI-1 Blank
Stack Diameter metres 0.20

Area of Sample Plane m? 0.031

Moisture Content % 0.02

Oxygen Content % 20.90

Stack Temperature °C 13

Gas Velocity (as Measured) m/sec 14.27

Gas Velocity (Reference Conditions) m/sec* 1353

Volumetric Flowrate (as Measured) m3/sec 0.45

Volumetric Flowrate (Reference Conditions) m3/sec* 0.42

Dry Gas Molecular Weight g/gmole 28.856

Sample Date 01/04/2015

Sample Period 06:51-07:51

Sample Volume (reference Conditions) m3* 0.577 0.577
Sample Reference (ECL ID) ECL/15/ | 1553/1554 1555
Mass of Hydrogen Chloride Collected mg 19.28 0.01
Concentration of Hydrogen Chloride mg/m3* 33.40 0.02
Emission Rate of Hydrogen Chloride g/hr 51.10

Expanded Uncertainty (% Relative) % 13

Emission Limit Value (ELV) mg/m>* 29

Impinger Collection Efficiency % 100

Blank Concentration as Percentage of ELV % <1.00%

*Reference Conditions ( 273K,

101.3kPa, Wet Gas)
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Biotage GB Ltd
Permit No
Variation No
Report Ref

Environmental Compliance Limited

: EPR/DP3832EF
:N/A
: P2251

: ROO1

Installation Name
Visit Details
Survey Dates
Report Issue Date

: Ystrad Mynach

: Annual Compliance Emissions
: 31 March - 1* April 2015

: 29th April 2015

Table 4 — Methanol

Biotage GB LTD
Ystrad Mynach Main Building EP2 A2

Emission Parameter Units Value
Stack Diameter mm 200
Area of Sample Plane m? 0.031
Meter Temperature °C 6.17
StackTemperature °C 12.55
Sample Date 01.04,15
Sample Period 06:53 -07:53
Sample Volume (as Measured) m? 0.0057
Sample Volume (reference Conditions) m3* 0.0055
Sample Tube Results Methanol 1 Blank
Sample Reference ECL/15/1556 Units _|Concentration*| Uncertainty | Concentration
Concentration of Methanol mg/m> 1.81 10.33% 1.81
*Reference Conditions: 273 K, 101.3 kPa, Wet Gas
Table 5 — Moisture
Data Recorded from A3 - Main Building EP3

Emission Parameter Units Moisture-1 Blank

Stack Diameter metres 0.20

Area of Sample Plane m? 0.031

Moisture Content % 0.03

Oxygen Content % 20.90

Stack Temperature °C 15

Gas Velocity (as Measured) m/sec 12.25

Gas Velocity (Reference Conditions) m/sec* 11.50

Volumetric Flowrate (as Measured) m3/sec 0.38

Volumetric Flowrate (Reference Conditions) m3/sec* 0.36

Dry Gas Molecular Weight g/gmole 28.856

Sample Date 31/03/2015

Sample Period 12:13-12:43

Sample Volume (reference Conditions) m3* 0.447 0.447

*Reference Conditions ( 273K, 101.3kPa, Wet Gas)
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Environmental Compliance Limited

Biotage GB Ltd

Permit No
Variation No
Report Ref

: EPR/DP3832EF
:N/A
: P2251 : ROO1

Installation Name
Visit Details
Survey Dates
Report Issue Date

: Ystrad Mynach

: Annual Compliance Emissions
: 31 March - 1* April 2015

: 29th April 2015

Table 6 — NOx
Data Recorded from A3 — Main Building EP3
Sample Period: 12:48 — 13:47 on the 1° April 2015

Volumetric Flowrate (Reference Conditions) = 0.36 m3/sec *

Average Emission Rate
mg/m’® Kg/hr
Oxides of Nitrogen (as NO») * 56.71 0.073

* Reference Conditions (273K, 101.3 kPa & Wet Gas)

Table 7 — Methanol

Biotage GB LTD

Ystrad Mynach Main Building EP3 A3

Emission Parameter

Units Value
Stack Diameter mm 200
Area of Sample Plane m? 0.031
Meter Temperature °C 16.17
StackTemperature °c 14.58
Sample Date 31.03.15
Sample Period .. 12:14-13:14
Sample Volume (as Measured) m? 0.0061
Sample Volume (reference Conditions) m3* 0.0057
Sample Tube Results Methanol 1 Blank
Sample Reference ECL/15/1551 Units |Concentration*| Uncertainty | Concentration
Concentration of Methanol mg/m? 10.69 10.34% 1.75

*Reference Conditions: 273 K, 101.3 kPa, Wet Gas
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Biotage GB Ltd
Permit No
Variation No
Report Ref

Environmental Compliance Limited

Installation Name

: EPR/DP3832EF Visit Details
:N/A Survey Dates
: P2251 : ROO1 Report Issue Date

: Ystrad Mynach

: Annual Compliance Emissions

: 31 March - 1* April 2015
: 29th April 2015

Table 8 — HBr

Data Recorded from A4 - Resin Shed

Emission Parameter Units Hydrogen Bromide 1 Blank
Stack Diameter metres 0.20

Area of Sample Plane m? 0.031

Moisture Content % 2.02

Oxygen Content % 20.90

Stack Temperature °C 23

Gas Velocity (as Measured) m/sec 9.04

Gas Velocity (Reference Conditions) m/sec* 8.30

Volumetric Flowrate (as Measured) m3/sec 0.28

Volumetric Flowrate (Reference Conditions) m3/sec* 0.26

Dry Gas Molecular Weight g/gmole 28.856

Sample Date 01/04/2015

Sample Period 09:04 - 10:04

Sample Volume (reference Conditions) m3* 0.610 0.610
Sample Reference ECL/15/ | 1558 & 1559 1562
Mass of Hydrogen Bromide Collected mg 35.14 115
Concentration of Hydrogen Bromide mg/m3* 57.63 1.89
Emission Rate of Hydrogen Bromide g/hr 54.11

Expanded Uncertainty (% Relative) % 13

Emission Limit Value (ELV) mg/m3* 0.2

Impinger Collection Efficiency % 97
Blank Concentration as Percentage of ELV % -

*Reference Conditions ( 273K, 101.3kPa, Wet Gas)
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Biotage GB Ltd
Permit No
Variation No
Report Ref

Environmental Compliance Limited

Installation Name : Ystrad Mynach
: EPR/DP3832EF Visit Details : Annual Compliance Emissions
:N/A Survey Dates : 31 March - 1% April 2015
: P2251 : ROOT Report Issue Date : 29th April 2015

VELOCITY TRAVERSE PROFILES
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Biotage GB Ltd
Permit No
Variation No
Report Ref

Environmental Compliance Limited

Installation Name : Ystrad Mynach
: EPR/DP3832EF Visit Details : Annual Compliance Emissions
: N/A Survey Dates : 31 March - 1% April 2015
: P2251 : ROO1 Report Issue Date : 29th April 2015
[ Environmental Comeliance Limited | Traverse Data Profom_a | Date of Measurement | 31/03/2015 |
[Company Biotage GB LTD Stack Diameter Port A (mm) 200 Average Stack Diameter (mm) 200 Pitot tube coefficient 1.00
Site Ystrad Mynach Stack Diameter Port B (mm) Port Length (mm) 0 Pitot Id 491 Diagram/ Description of Cross Section of Stack/Duct
Location Main Building EP1 Duct Length Port A (mm) Average Duct Length (mm) L Stack Thermocouple ID 464
Stack Al Duct Length Port B (mm) Duct width (mm) B Stack Temp Reader ID 431
Job No P2251 Duct Length Port C (mm) Barometric Pressure. (mb) 1001 Manometer ID 506
Operators CL+IH Duct Length Port D (mm) [Ave static Press. (mm H,0) 8.65 Barometer ID 629 " hole
Static Pressure Readings (mm H,0) 0.75!
Pre - Traverse C!\ecks Carrle.d Out Time Pass/ Fail Smooth Walls ] Port A [ Port B [ Port C [ Port D
Pre - Traverse Visual Inspection Pass 8.65 | | l
Pre - Traverse Pitot Leak Check 09:02:00 Pass
Port/ Distance to Time Temperature Readings (°C) (AP) Pitot Readings (mm H,0) Average Temp. | Average (AP) Swirl Test
Point Point (mm ) 1 2 3 1 2 3 (°C) (mm H,0) | ©From Reference
Al 100 09:04:00 15.0 14.8 14.9 11.2 11.0 10.9 149 11.0 3
2m
|Access |
14.9 14.9 14.8 11.1 11.2 1.1 14.9 11.0 Total Notes
Blockage Check @ A1
(olc-Tag: Pitztcoﬁ ) 09:10:00 Mean 149 Mean 11.1 14.9 11.0 Max Including expected or actual deviations from procedures / non-conformities
yp Y Difference <5% from Initial 2 -0.01 Difference <5% from Initial 2 0.97 14.9 11.0 Min
14.9 11.0 Average Only one port, but stack <0.357m so ok
|Post - Traverse Checks Carried Out [ Time | Pass/Fail | lAverage temp (K) | 287.900 I
|Post - Traverse Visual Inspection | 09:12:00 | Pass |
[suitability of Sampling Position Actual Stack Conditions
Check (S-type Pitot Only) Time Readi Highest:lowest flow pressure ratio < 9:12 1.01:1
Static Pressure Via Positive Leg (mm H,0) n/a Maximum deviation of flow from axis <15°2 3 Compliance With Positional Requirements?
Static Pressure Via Negative Leg (mm H,0) n/a 5 X-sectional area for stacks= 7r2 0.03 m*
Difference (Pa) < Tmm H,07? #VALUE! X-sectional area for ducts = L x B m’ Height of sample ports from Platform 0.75m
[Suitability of Position for Samplin; Ok Number of sample ports 1
Width of platform (port back to handrail) 2m
Stack Moisture 1.01 % Gas Velocity (as Measured) Adjusted for Smooth Walls 13.33820 m/sec
Measured Oxygen 20.9 % Gas Velocity (Reference Conditions) Adjusted for Smooth Walls 12.50865 m/sec* Nearest downstream disturbance [exit 3m|
Measured Carbon Dioxide 0.1 % Volumetric Flowrate (as Measured) Adjusted for Smooth Walls 0.41903 m’/sec Nearest upstream disturbance |Bend 2.5m|
Dry Gas Molecular Weight 28.85200 g/g mole Volumetric Flowrate (Ref Cond) Adjusted for Smooth Walls 0.39297 m®/sec* Disturbances are classed as bends, fans or diameter variations

*Reference Conditions: 273K, 101.3kPa, Wet Gas

NOTE: Velocity / volume flowrate calculations exclude contributions from the measurement point(s) where swirl > 15°
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Biotage GB Ltd
Permit No
Variation No
Report Ref

Environmental Compliance Limited

: EPR/DP3832EF

Installation Name
Visit Details

: Ystrad Mynach
: Annual Compliance Emissions

:N/A Survey Dates : 31" March - 1% April 2015
: P2251 : ROO1 Report Issue Date : 29th April 2015
[ Environmental Compliance Limited | Traverse Data Profoma | Date of Measurement [ 01/04/2015 |
Company Biotage GB LTD Stack Diameter Port A (mm) 200 Average Stack Diameter (mm) 200 Pitot tube coefficient 1.00
Site Ystrad Mynach Stack Diameter Port B (mm) Port Length (mm) 0 Pitot Id 491 Diagram/ Description of Cross Section of Stack/Duct
Location Main Building EP2 Duct Length Port A (mm) Average Duct Length (mm) L Stack Thermocouple ID 464
Stack A2 Duct Length Port B (mm) Duct width (mm) B Stack Temp Reader ID 431
Job No P2251 Duct Length Port C (mm) Barometric Pressure. (mb) 1005 IManometer ID 506
Operators CL + IH Duct Length Port D (mm) HAve Static Press. (mm H,0) 10.00 Barometer ID 629 " hle
Static Pressure Readings (mm H»O)
Pre - Traverse C.hecks Carrie.d Out Time Pass/ Fail Smooth Walls j Port A I Port B I Port C | Port D
Pre - Traverse Visual Inspection 06:30:00 Pass 10.00 |
Pre - Traverse Pitot Leak Check 06:32:00 Pass
Port/ Distance to Time Temperature Readings (") ( AP) Pitot Readings (mm H,O) Average Temp. | Average (AP) Swirl Test
Point Point (mm ) 1 2 3 1 2 3 (°C) (mm H:0) | ©From Reference
A2 100 06:34:00 13.4 129 12.8 14.3 14.0 14.2 13.0 14.2 3
2m
|Access |
Blockage Check @ A1 13.1 13.0 13.1 14.2 14.0 14.2 13.0 14.2 Total Notes
( L-Type Pitot Only) 06:40:00 Mean 13.1 Mean 14.1 13.0 14.2 Max Including expected or actual deviations from procedures / nonconfomities
Difference <5% from Initial ? 0.01 Difference < 5% from Initial ? 0.26 13.0 14.2 Min
13.0 14.2 Average Only one port but stack < 0.357m, ok
‘Posl -Traverse Checks Carried Out | Time ‘ Pass/ Fail H ‘!Avemge temp (K) 286.033 H
[Post - Traverse Visual Inspection | 06:42:00 | Pass |
Suitability of Sampling Position Actual Stack Conditions
Stagnation Check (S-type Pitot Only) Time Reading Highest:low est flow pressure ratio < 9:17 1.01:1
Static Pressure Via Positive Leg (mm H,0) nla Maximum deviation of flow from axis <15°? 3 Compliance With Positional Requirem ents?
Static Pressure Via Negative Leg (mm H,0) nla o X<sectional area for stacks= xr2 0.03 m?
Difference (Pa) < 1 mm H,0% #VALUE! [x=ectional area for ducts = Lx B m? Height of sample ports from Platform 0.75m
‘ISuil.]bi lity of Position for Sampling 0Ok Number of sample ports 1
IWidth of platiorm (port back to handrail) 2m
Stack Moisture 0.02 % Gas Velocity (as Measured) Adjusted for Smooth Walls 15.00511 m/sec
Measured Oxygen 20.9 % Gas Velocity (Reference Conditions) Adjusted for Smooth Walls 14.22214 m/sec* Mearest downstream disturbance [exit 3m|
Measured Carbon Dioxide 0.1 % Volumetric Flowrate (as Measured) Adjusted for Smooth Walls 0.47140 mlsec Mearest upstream disturbance [Bend | 2.5m|
Dry Gas Molecular Weight 28.85200 g/g mole Volumetric Flowrate (Ref Cond) Adjusted ior Smooth Walls 0.446380 m’lsec* Disturbances are classed as bends, fans or diameter variations

*Reference Conditions: 273K, 101.3kPa, Wet Gas

NOTE: Velocity / volume flowrate calculations exclude contributions from the measurement point(s) where swirl >15°
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Biotage GB Ltd
Permit No
Variation No
Report Ref

Environmental Compliance Limited

: EPR/DP3832EF

Installation Name
Visit Details

: Ystrad Mynach
: Annual Compliance Emissions

:N/A Survey Dates : 31" March - 1% April 2015
: P2251 : ROO1 Report Issue Date : 29th April 2015
[ Environmental Compliance Limited | Traverse Data Profoma | Date of Measurement [ 01/04/2015 |
Company Biotage GB LTD Stack Diameter Port A (mm) 200 IAverage Stack Diameter (mm) 200 ||Pit01 tube coefficient 1.00
Site Ystrad Mynach Stack Diameter Port B (mm) Port Length (mm) 0 IPiloi Id 491 Diagram/ Description of Cross Section of Stack/Duct
Location Main Building EP3 Duct Length Port A (mm) IAverage Duct Length (mm) L Ilsiack Thermocouple ID 464
Stack A3 Duct Length Port B (mm) Duct width (mm) B ISlack Temp Reader ID 431
Job No P2251 Duct Length Port C (mm) Barometric Pressure. (mb) 1001 IMannmeter ID 506
Operators CL+ IH Duct Length Port D (mm) [Ave Static Press. (mm H,0) 7.48 |[Barometer 1D 629 " hdle
Static Pressure Readings (mm H;0) 0.751
Pre - Traverse C?\ecks Carrle.cl Out Time Pass/ Fail Smooth Walls j Port A | Port B | Port C | Port D
Pre - Traverse Visual Inspection 11:55:00 Pass 7.48 |
Pre - Traverse Pitot Leak Check 11:57:00 Pass
Port/ Distance to Time Temperature Readings (°C) ( AP) Pitot Readings (mm H,0) Average Temp. | Average (AP) Swirl Test
Point Point (mm ) 1 2 3 1 2 3 (°C) (mm H,0) © From Reference
A2 100 11:59:00 14.6 144 14.6 9.3 9.5 9.3 14.5 9.4 4
m
|Al:l:en |
Blockage Check @ A1 14.5 14.5 14.5 9.5 9.8 9.5 4.5 9.4 Total NOIE-S -
( L-Type Pitot Only) 12:05:00 Mean 14.5 Mean 9.6 14.5 9.4 Max Includi ted or actual de from procedures f nonconformities
Difference <5% from Initial ! 0.01 Difference < 5% from Inifial ? 2.67 14.5 9.4 Min
14.5 9.4 Average
[Post - Traverse Checks Carried Out | Time | Pass/Fail | [Average temp (K) | 287.533 |
‘Posi - Traverse Visual Inspection | 12:07:00 { Pass "
Suitability of Sampling Position Actual Stack Conditions
Stagnation Check (S-type Pitot Only) Time Reading Highest:lowest flow pressure ratio < 9:17 1:1
Static Pressure Via Positive Leg (mm H,0) nla o Maximum deviation of flow from axis < 15°1? 4 Compliance With Positional Requirements?
Static Pressure Via Negative Leg (mm H,O) nla 5 X=ectional area for stacks= xr2 0.03 m?
[Difference (Fa) < | mm H,0¢ #VALUE! X-=ectional area for ducts = Lx B m* Height of sample ports from Platform 0.75
Suitability of Position for Saﬂling Ok Number of sample ports 1
(Width of platform (port back to handrail) 2
[stack Moisture 0.03 % Gas Velocity (as Measured) Adjusted for Smooth Walls 12.25257 m/sec
Measured Oxygen 209 o, Gas Velacity (Reference Conditions) Adjusted for Smooth Walls 1150387 |misec* Nearest downstream disturbance [Exit
Measured Carbon Dioxide 0.1 % [Volumetric Flowrate (as Measured) Adjusted for Smooth Walls 0.38493 m’lsec Nearest upstream disturbance ‘Eand 2.5m|
Dry Gas Molecular Weight 28.85200 g/g mole [Volumetric Flowrate (Ref Cond) Adjusted for Smooth Walls 0.36140 |m®/sec* Disturbances are elassed as bends, fans or diameter variations

*Reference Conditions: 273K, 101.3kPa, Wet Gas

NOTE: Velocity / volume flowrate calculations exclude contributions from the measurement point(s) where swirl >15°
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Environmental Compliance Limited

Biotage GB Ltd

Installation Name : Ystrad Mynach
Permit No : EPR/DP3832EF Visit Details : Annual Compliance Emissions
Variation No : N/A Survey Dates : 31 March - 1% April 2015
Report Ref : P2251 : ROO1 Report Issue Date : 29th April 2015
[ Environmental Cumeliance Limited | Traverse Data Profom_a | Date of Measurement | 01/04/2015 |
[Company Biotage GB LTD Stack Diameter Port A (mm) 350 Average Stack Diameter (mm) 350 Pitot tube coefficient 1.00
Site Ystrad Mynach Stack Diameter Port B (mm) Port Length (mm) 0 Pitot Id 491 Diagram/ Description of Cross Section of Stack/Duct
Location Resin Shed Duct Length Port A (mm) Average Duct Length (mm) L Stack Thermocouple ID 464
Stack A4 Duct Length Port B (mm) Duct width (mm) B Stack Temp Reader ID 431
Job No P2251 Duct Length Port C (mm) Barometric Pressure. (mb) 1005 Manometer ID 506
Operators CL+IH Duct Length Port D (mm) [Ave static Press. (mm H,0) 3.64 Barometer ID 629 " hole
Static Pressure Readings (mm H,0)
Pre - Traverse C!\ecks Carrle.d Out Time Pass/ Fail Smooth Walls ] Port A [ Port B [ Port C [ Port D
Pre - Traverse Visual Inspection 08:30:00 Pass 3.64 | | l
Pre - Traverse Pitot Leak Check 08:32:00 Pass
Port/ Distance to Time Temperature Readings (°C) (AP) Pitot Readings (mm H,0) Average Temp. | Average (AP) Swirl Test
Point Point (mm ) 1 2 3 1 2 3 (°C) (mm H,0) | ©From Reference
Al 175 08:36:00 22.1 22.3 22.2 4.9 4.9 5.0 22.2 4.9 3
Acc
ess 2.2m
22.1 22.2 22.1 5.0 5.0 5.0 22.2 4.9 Total Notes
Blockage Check @ A1
(olc-Tag: Pitztcoﬁ ) 08:40:00 Mean 22.1 Mean 5.0 22.2 4.9 Max Including expected or actual deviations from procedures / non-conformities
P! Y Difference <5% from Initial 2 -0.02 Difference <5% from Initial ? 1.35 22.2 4.9 Min
22.2 4.9 Average Only one port but stack <0.357m, ok
|Post - Traverse Checks Carried Out [ Time | Pass/Fail | lAverage temp (K) 295.200 I
|Post - Traverse Visual Inspection | 08:42:00 | Pass |
[suitability of Sampling Position Actual Stack Conditions
Check (S-type Pitot Only) Time Readi Highest:lowest flow pressure ratio < 9:12 1:1
Static Pressure Via Positive Leg (mm H,0) n/a Maximum deviation of flow from axis <15°2 3 Compliance With Positional Requirements?
Static Pressure Via Negative Leg (mm H,0) n/a 5 X-sectional area for stacks= wr2 0.10 m?*
Difference (Pa) < 1Tmm H,0? #VALUE! X-sectional area for ducts = L x B m’ Height of sample ports from Platform 1.2M
[Suitability of Position for Samplin; Ok Number of sample ports 1
Width of platform (port back to | rail 2.5M
Stack Moisture 2.02 % Gas Velocity (as Measured) Adjusted for Smooth Walls 9.03931 m/sec
Measured Oxygen 21.1 % Gas Velocity (Reference Conditions) Adjusted for Smooth Walls 8.29645 m/sec* Nearest downstream disturbance [exit |
Measured Carbon Dioxide 0.02 % Volumetric Flowrate (as Measured) Adjusted for Smooth Walls 0.86968 m*/sec Nearest upstream disturbance |Fan |
Dry Gas Molecular Weight 28.84720 g/g mole Volumetric Flowrate (Ref Cond) Adjusted for Smooth Walls 0.79821 m®/sec* Disturbances are classed as bends, fans or diameter variations

*Reference Conditions: 273K, 101.3kPa, Wet Gas NOTE: Velocity / volume flowrate calculations exclude contributions from the measurement point(s) where swirl > 15°
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Environmental Compliance Limited

Biotage GB Ltd Installation Name : Ystrad Mynach

Permit No : EPR/DP3832EF Visit Details : Annual Compliance Emissions
Variation No :N/A Survey Dates : 31 March - 1% April 2015
Report Ref : P2251 : ROOT Report Issue Date : 29th April 2015

FIELD CALIBRATION AND SAMPLING DATA
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Biotage GB Ltd
Permit No
Variation No
Report Ref

EPR/DP3832EF
N/A
P2251 : ROO1

Environmental Compliance Limited

Installation Name
Visit Details
Survey Dates
Report Issue Date

ing Data

: Ystrad Mynach

: Annual Compliance Emis

: 31 March - 1% April 2015
: 29th April 2015

A1 HCI Sampl

‘Compliance Limited | NON ISOKINETIC SAMPLING PROFORMA [ Dateof [ 310302015 ] ] 1 moisture was not measured see detailed
notes below.
[ ECLTPD/ 368 ] [Time taken to change Portsz | 0 1 [Cstart Time 0934 | [ End Time 10:34 1 ‘Additional Moisture W
Test Duration 60 mins
Client Biotage GB LTD [Stack Profile Circular Console id uot1 Barometer id 629 Impinger 1 Di H20 Iliem Name
Site. Ystrad Mynach IStack Area (m?) 0.03 uot1 ozzle Id n/a soL/ 2714 inl Weight (g)
Location Main Building EP1 [Barometric Pressure (mb) 1001 141 ozzle size nla [Start Weight (g) 715.6 [End Weight (g)
Stack ID Al [Static Pres. (mm H,0) 8.65 1.0321 ilter 1d n/a [End Weight (g) 7126 ITaiaI weight (g) 0
Test No. HCIT Pitot coefficient wa 42.88__[Pitot 1D wa [Total weight (g) 3
Job No P2251 Probe Heater Setting (°C) 160 Impinger Id 980 Hot Box ID 977 [ttem Name
ECL Site Staff CL&IH [Hot Box Setting °C) 160 Balance Id 368 [Impinger 2 DI H20 Is_«m Weight ()
Required Sample Suggested soL/ 2714 [End Weight ()
Flowrate limin__| AH Entered Below. [Start Weight (g) 717 [Total weight (g) )
Sample Leak 1 Teak 2 Teak3 Teak 4 Leaks Total 3 1 [End Weight &) 720.7
[Fart Volume 3152305 6 3 [Total weight (g) 3.7 lem Name
Final Volume 315806.7 10 10 Start Weight (g)
[Total Volume 576.2 0.0 0.0 0.0 0.0 0.0 576.2 15 25 Impinger3 DI H20 End Weight (g)
Leak Check t Second Third Fourth Fifth 25 50 2714 Total weight (z) 0
Leak rate I/min 0 0 Dry O, 1 Atmospheric) 21.00 Initial AH 10 [Start Weight (g) 717.5
Vaccum "Hg 10 10 Dry Carbon Dioxide % 0.10 Reference Oxygen 200 [End Weight (g) 717.4 item Name
Time of Check 09:28 10:36 Ory Carbon Monoxide ppm Percentage ) [Total weight (g) -0.1 [Start Weight (g)
[Set Rate Imin 0 0.0 [End Weight ()
Leak <2%7 YES YES [impinger 4 Empty [Total weight () 0
Traverse Point A1 Al A A1l A1l A1 Total soL/
Time/Point (mins ) 0-10 10 -20 20 -30 30-40 40-50 50- 60 [Start Weight (g) 598.7 Item Name
AP (mm H20) wa wa wa wa wa wa wa wa wa [End Weight @) 599.6 [Start Weight ()
K factor nla wa a la a la nla nla wa [Total weight (g) 0.9 [End Weight ()
AH (Orifice) 10.00 10.00 10.00 10.00 10.00 10.00 10.00 Total weight (g) 0
Meter (Tm in) 9.50 12.40 13.90 14.60 15.30 15.60 13.55 Impinger 5 Silica
Meter (Tm out) 9.50 12.40 13.90 14.60 15.30 15.60 13.55 soL/ B ltem Name
Stack Temp (Ts) 12.90 11.80 12.10 12.40 13.10 12.90 12.53 |Start Weight (g) 765.8 Start Weight (g)
Impinger T Outlet 10.00 9.00 9.00 8.00 8.00 9.00 8.83 [End Weight (g) 768.9 [End Weight (g)
Vaccum (' Hg) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 [Fotal weight () 3.1 [Total weight () 0
Traverse Point Total [impinger 6 item Name
Time/Point(mins) [sou Start Weight (5)
AP (mm H20) wa wa wa wa a wa wa wa wa F{ari Weight (g) [End Weight (z)
K factor na wa na nla a la na nla wa [End Weight () [Total weight () 0
AH (Orifice) |Total weight (g) 0
Meter (Tm in) ltem Name
Meter (Tm out) [Impinger 7 Start Weight (5)
Stack Temp (Ts) SoL/ End Weight (g)
Impinger T Outlet Start Weight () [Total weight () 0
Vaccum (" Hg) [End Weight (g)
[Total weight (g) 0 [tem Name
Traverse Point Total Is_'an Weight (g)
Time/Point(mins) [impinger 8 [End Weight (g)
AP (mm H20) nla na nla nfa nla nla nla nla nla I'sour [Total weight (g) 0
K factor nla nla nla nla nla nja nla nla nla Fm rt Weight ()
AH (Orifice) [End Weight (g) [item Name
Meter (Tm in) [Fotal weight ) 0 Start Weight ()
Meter (Tm out) End Weight (g)
Stack Temp (Ts) [Total (g) | 4.60 ] [rotal weight ) 0
Impinger T Outlet
Vaccum (" He) siica <50% used | — H 1f moisture was not measured and gas was
at End of Test? YN dried before entering the gas meter,
Traverse Pomt Total impinger weights must be included to
TimelPoint(mins) Rimee Solutions ueed produce the moisture concentration used in
AP (mm H20) wa wa a wa wa wa wa wa wa Solution SOLNO the isokinetic calculations. If the gas was
K factor nla wa a la a nla na na wa DI Water 2714 entered the gas meter
A (Orifice] Acetone . then impinger weights may be included to
Mefer (Tm in) produce a nominal 0.1% moisture value.
Meter (Tm out)
Stack Temp (Ts)
Impinger T Outlet
Vaccum (" Hg)
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Environmental Compliance Limited

Biotage GB Ltd Installation Name : Ystrad Mynach
Permit No : EPR/DP3832EF Visit Details : Annual Compliance Emissions
Variation No :N/A Survey Dates : 31 March - 1% April 2015

Report Ref : P2251 : ROOT Report Issue Date : 29th April 2015

A1 Methanol Sampling Data

Environmental Compliance Limited | SAMPLE TUBE DATA SAMPLING PROFORMA |
Client Biotage GB LTD aCircular _pectangular __hupse. Barometer ID 629 Date of Test 31.03.15
Site Ystrad Mynach Stack Diameter (mm) 200 Balance ID Nia Sample Start Time 09:30
Location Main builiding EP1 Pump ID 164 Sample End Time 10:30
Stack ID Al Stack Area (m?) 0.031 Meter ID 164 Duration 60
Test No. Methanol 1 ic Pressure (mb) 1001 DGM Yd or mi/count 0.41 02
Job No P2251 Heated Line ID N/A abe comdens ‘T“"':‘:E‘;a::‘";'u"s’:;:;e - 02 Uncertainty %Vol
ECL Site Staff CL+IH Impinger ID N/A (yln)
et Impinger 1
1 s Sample Leak 1 i mite Leak 2 nigmn it Total
Start Volume 830249.0 830236.0 09:20:00 844794.0 10:33:00 Start Weight (g)
Final Volume 844755.0 830236.0 09:21:00 844794.0 10:34:00 End Weight (g)
Total Volume 14506.0 0.0 0.0 14506.0 Total weight (8 ]
Time Point 0-10 10-20 mins 2030 3040 [impinger 2
Heated Line Temp °C N/A N/A N/A N/A
Tube Temp °C 17.2 185 19.7 202 Start Weight (g)
Stack Temp °C 14.8 12.9 13 12.6
Meter Temp In °C 8 9 13 13 End Weight (g)
Meter Temp Out °C 8 9 13 13 Total weight () 0
Time Point 4050 50-60 [impinger3
Heated Line Temp °C N/A N/A
Tube Temp °C 20.6 21 Start Weight ()
Stack Temp °C 13 12.3
Meter Temp In °C 14 14 End Weight (g)
Meter Temp Out °C 14 14 Total weight () 0
Time Point Silica (IF USED)
Heated Line Temp °C <50% Spent at end? YES
Tube Temp °C Start Weight (g)
Stack Temp °C
Meter Temp In °C End Weight (g)
Meter Temp Out °C Total weight () 0

IToIaI I
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Biotage GB Ltd
Permit No
Variation No
Report Ref

EPR/DP3832EF
N/A
P2251 : ROO1

Environmental Compliance Limited

Installation Name
Visit Details
Survey Dates
Report Issue Date

Cl Sampl

ng Data

A2 H

: Ystrad Mynach

: Annual Compliance Emis
: 31 March - 1% April 2015
: 29th April 2015

Compliance Limited NON ISOKINETIC SAMPLING PROFORMA [ Dateof [ 01/0412015 ] ]  #tmoisture was not measured see detailed
notos below.
[ ECUTPD] 368 ] [Time taken to change Ports? | 0] [Cstart Time 06:51 | | EndTime 07:51 ] [_Additional Moisture Weighings ]
Test Duration 60__mins
Client Biotage GB LTD [Stack Profile Circular Console id uot1 Barometer id 629 Impinger 1 Di H20 Item Name
Site Ystrad Mynach |Slack Area (m?) Pump id w11 |Nozzle Id na soL/ 2714 Start Weight (2)
Location Main Building EP2 [Barometric Pressure (mb) 1006 Probe id 141 Nozzle size n/a [Start Weight (g) 710 [End Weight (g)
Stack ID A2 Static Pre (mm H,0) 10 DGM Yd 1.0321 Filter Id n/a [End Weight (g) 607.6 Total weight (g) 0
Test No. HCI-1 Pitot coefficient nla AH@ 4288 [Pitot ID nla [Total weight () -102.4
Job N P2251 [Probe Heater Setting °C) 160 Impinger 1d| 657 | Hot Box ID 977 [tem Name
ECL Site Staff CL+1H THot Box Setting ®C) 160 Balance Id 368 {impinger 2 DI H20 Is_«m Weight ()
Required Sample Suggested [sovr 2714 End Weight (g)
Flowrate Umin | AH Entered Below Fau Weight (g) 697.2 [Total weight (5) 0
Sample Leak 1 Teak 2 Leak 3 Teak 4 Leaks Total 3 1 [End Weight () 696.6
[Start Volume 315230.5 6 3 [Fotal weight @ 06 [item Name
Final Volume 315806.7 10 10 Is_mr Weight ()
[Total Volume 576.2 0.0 0.0 0.0 0.0 0.0 576.2 15 25 Impinger3 DI H20 [End Weight (g)
Leak Check First Second Third Fourth Fifth 25 50 soL/ 2714 [Fotal weight ) 0
Leak rate limin 0 0 oy o, 8 Atmospheric) [ 21.00 Initial AH 10 Start Weight (g) 7114
[Vaccum "Hg 10 10 Dry Carbon Dioxide % 0.10 Reference Oxygen 20.9 [End Weight (g) 710.5 ltem Name
[Time of Check 06:35 07:54 ory carbon wonoxide pom Percentage . [Total weight (g) 0.9 Start Weight (3)
[Set Rate l/min 10 10.0 End Weight (g)
Leak <2%7 YES YES impinger 4 Empty [Total weight () 0
Traverse Point AT AT AT A1 Al Total soL/ z
Time/Point (mins ) 0-10 10 -20 20 - 30 30-40 50 - 60 [Start Weight (g) 599.6 Iliem Name
AP (mm H20) wa na a na a nla nla na [End Weight () 560 Igm Weight ()
K factor na na na nla la na nla wa [Fotal weight (z) 396 [End Weight (g)
AH_ (Orifice) 10.00 10.00 10.00 10.00 10.00 10.00 [Fotal weight ) 0
Meter (Tm in) 3.60 4.80 5.80 7.50 9.70 6.62 [impinger 5 Silica
Meter (Tm out) 3.60 4.80 5.80 7.50 9.70 6.62 Isorr [item Name
Stack Temp (Ts) 12.70 12,50 12.20 12.80 12.60 12.55 }ilart Weight (g) 768.8 Favi Weight (g)
Impinger T Outlet 2.00 2.00 3.00 3.00 4.00 2.83 [End Weight (g) 770.2 [End Weight (g)
Vaccum (" Hg) 2.00 2.00 2.00 2.00 2.00 2,00 [Total weight ) 14 [Total weight () [
Traverse Point Total limpinger 6 [item Name
Time/Point(mins) sou Is_um Weight ()
AP (mm H20) wa a na na na na nla nla na Start Weight (g) [End Weight ()
K factor na na na nla na na nla nla na [End Weight () [Fotal weight ) 0
'AH (Orifice) [Total weight () 0
Meter (Tm in) Iltem Name
Meter (Tm out) [impinger 7 Start Weight (5)
Stack Temp (Ts) soL/ [End Weight (z)
Impinger T Outlet Start Weight () [Total weight () 0
Vaccum (" Hg) [End Weight (g)
[Total weight () 0 |item Name
Traverse Point Total Is_un Weight (g)
Time/Point( Impinger 8 [End Weight (g)
AP (mm H20) nla a wa wa wa wa nla nla wa sou/ [Fotal weight @ 0
K factor nla na na nla na nla nla nla wa Start Weight ()
AH (Orifice) [End Weight () [tem Name
Meter (Tm in) [Total weight (g) 0 Start Weight (g)
Meter (Tm out) ei
Stack Temp (Ts) [Total (g) | 0.10 ] [Total weight 0
Impinger T Outlet
Vaccum (" Hg) Silica <50% used e H 1f moisture was not measured and gas was
at End of Test v/ dried before entering the gas meter,
Traverse Pont Total impinger weights must be included to
Time/Point(ming) Rimee Solations eed produce the moisture concentration used in
AP (mm H20) wa wa a wa a wa wa wa wa Solution SOLNO the isokinetic calculations. - If the gas was
K factor nla nla nla nla nla nja nla nla nla DI Water 2714 not dried before it entered the gas meter
A (Orifice] Acetone then impinger weights may be included to
Meter (Tm in) produce a nominal 0.1% moisture value.
Meter (Tm out)
Stack Temp (Ts)
Impinger T Outlet
Vaccum (" Hg)
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Biotage GB Ltd
Permit No
Variation No
Report Ref

EPR/DP3832EF
N/A

P2251 : ROO1

Environmental Compliance Limited

Installation Name
Visit Details
Survey Dates
Report Issue Date

| Sampling Data

: Ystrad Mynach

: Annual Compliance Emissions
: 31 March - 1% April 2015

: 29th April 2015

A2 Methano

Environmental Compliance Limited | SAMPLE TUBE DATA SAMPLING PROFORMA
Client Biotage GB LTD aCircular__maectangular___wpse Barometer ID 629 Date of Test 01.04,15
Site Ystrad Mynach Stack Diameter (mm) 200 Balance ID Nia Sample Start Time 06:53
Location Main Building EP2 Pump ID 164 Sample End Time: 07:53
Stack ID A2 Stack Area (m?) 0.031 Meter ID 164 Duration 60
Test No. Methanol 1 Barometric Pressure (mb) 1005 DGM Yd or ml/count et 0.41 02
Job No P2251 Heated Line ID N/A b fon free for entire sample g 02 Uncertainty %Vol
ECL Site Staff CL+H Impinger ID N/A (yln)
 eter ot Impinger 1
Ll e Sample Leak 1 i it Leak 2 (i it Total
Start Volume 861179.0 861168.0 06:28:00 875084.0 07:55:00 Start Weight (g)
Final Volume 875074.0 861168.0 06:29:00 875084.0 07:56:00 End Weight )
Total Volume 13895.0 0.0 0.0 13895.0 @wedﬁ © 0
Time Point 0-10 10-20 mins 2030 3040 Impinger 2
Heated Line Temp °C N/A N/A N/A N/A
Tube Temp °C 12.4 13.2 13.7 14.1 Start Weight (g)
Stack Temp °C 12.7 124 12.6 12.2
Meter Temp In °C 3 3 5 7 End Weight (g)
Meter Temp Out °C 3 3 5 7 Total weight (g) 0
Time Point 4050 50-60 [impinger3
Heated Line Temp °C N/A N/A
Tube Temp °C 14.9 153 Start Weight (g)
Stack Temp °C 12.5 12.9
Meter Temp In °C 9 10 End Weight (g)
Meter Temp Out °C 9 10 Total weight (g) 0
Time Point Silica (IF USED)
Heated Line Temp °C <50% Spent at end? YES
Tube Temp °C Start Weight (g)
Stack Temp °C
Meter Temp In °C End Weight (g)
Meter Temp Out °C Total weight () 0
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Environmental Compliance Limited

Biotage GB Ltd Installation Name : Ystrad Mynach

Permit No : EPR/DP3832EF Visit Details : Annual Compliance Emissions
Variation No :N/A Survey Dates : 31 March - 1% April 2015
Report Ref : P2251 : ROOT Report Issue Date : 29th April 2015

A3 NOXx Field Calibration

Horiba PG 250 Measurement Ranges:

NO as NO, o, Co,
205 25 20
Units mg/m3 Y%Vol %Vol
Zero Values (Direct)
Mean Initial Direct Zero -0.03 -0.01 0.00
Mean Confirmation Direct Zero 0.96 -0.04 0.00
Difference in Direct Zero 0.99 0.03 0.00
Repeatability at Zero 2.05 0.20 0.20
<2 x Repeatability at Zero? YES YES YES
Pre Zero Values (System)

Mean Pre Test Zero 0.04 0.19 0.00
% of Measurement Range? 0.02% 0.77% 0.00%
Detection Limit (LOD) 0.08 0.20 0.00

Applied Span:

NO 0, CO,
Actual Applied Span Concentration 102.40 15.03 5.06
Pre Test System Zero Values
Mean Pre Test System Zero 0.04 0.19 0.00
Difference < * 2% of Span Value (5% for SO,)? 0.04% 1.28% 0.00%
Post Zero Values (System)
Mean Post Test Zero 0.21 0.06 0.00
% of Certified Range? 0.10% 0.23% 0.00%
Pre Test System Span Values
Mean Pre Test System Span 100.43 15.25 4.97
Difference < * 2% of Span Value (5% for SO,)? 1.92% 1.47% 1.73%
Post Test System Span Values
Mean Post Test System Span 99.87 15.14 5.05
Span Drift < £ 5% Span Value? 0.56% 0.72% 1.64%
0.56% 0.89% 1.64%
See Note 3 See Note 3 See Note 3

NOTE 2: Correct test data for drift!
NOTE 3: No drift correction required.
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EPR/DP3832EF
N/A
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Environmental Compliance Limited

Installation Name
Visit Details
Survey Dates
Report Issue Date

: Ystrad Mynach

: Annual Compliance Emis

: 31 March - 1% April 2015

1 29t

h April 2015

A3 Mo sture

Compliance Limited I NON ISOKINETIC SAMPLING PROFORMA [ Dateof [ 310372015 | ] 1fmoisture was not measured see detailed
[ ECL/TPD] | [Time taken to change Portsz | 0] [Cstart Time 12:13 ] [ EndTime 12:43 I Additional Moisture Weighings
Test Duration 30__mins
Client Biotage GBLTD __[Stack Profile Circular__| Consoleid | __u011__[Barometer id 629 Timpinger 1 H20 ltem Name
Site Ystrad Mynach [Stack Area (m?) 0.03 w011 |[Nozzle Id nla I'sour Start Weight (g)
Location Main Building EP3 ic Pressure (mb) 1001 141 Nozzle size n/a [Start Weight (g) 7196 End Weight (g)
Stack ID A3 [Static Pres. (mm H,0) 7.48 1.0321 Filter Id nla [End Weight (g) 7174 [Total weight (g) 0
Test No. Moisture-1 Pitot coefficient na 42.88 _[Pitot ID nla [Total weight ) 2.2
Job No Probe Heater Setting (°C) 120 Impinger Id 980 [Hot Box ID 977 ltem Name
ECL Site Staff CL + IH Hot Box_Setting (°C) 120 Balance Id 368 (impinger 2 H20 Start Weight (g)
Required Sample Suggested [sou [End Weight (g)
Fowrate Umin__| AH Entered Below Start Weight ) 7296 [Total weight () 0
Sample Leak 1 Teak 2 Teak3 Teak 4 Teaks Total 3 1 [End Weight ) 728.7
[Start Volume 315913.7 6 3 [Fotal weight @) 09 item Name
Final Volume | 3163814 10 10 Start Weight (2)
[Total Volume 467.7 0.0 0.0 0.0 0.0 0.0 467.7 15 25 Impinger3 Empty [End Weight (g)
Leak Check irst Second Third Fourth Fiith 25 50 soL/ [Total weight () 0
Leak rate I/min 0 0 Dry O, 1 Atmospheric) 21.00 Initial AH 10 [Start Weight (g) 597.1
Vaccum "Hg 10 10 Dry Carbon Dioxide % 0.10 Reference Oxygen 20.9 [End Weight (g) 597.4 Item Name
[Fime of Check 12:00 12:47___|oy Carbon vonoside pom. Percentage i [Total weight (&) 0.3 Start Weight (g)
[Set Rate /min 10 10.0 End Weight (g)
Leak <2%? YES YES (impinger 4 Silica Total weight (g) 0
Traverse Point A3 A3 A3 Total I'sovr
Time/Point (mins ) 0-10 10 -20 20 - 30 [Start Weight (g) 798.7 Iltem Name
AP (mm H20) wa wa a a a a wa wa wa [End Weight ) 801.4 Start Weight (2)
K factor na na na nla na na nla nla wa [Fotal weight () 27 [End Weight (z)
AH (Orifice) 10.00 10.00 10.00 10.00 Total weight (g) 0
Meter (Tm in) 16.20 18.90 20.10 18.40 [impinger 5
Meter (Tm out) 16.20 18.90 20.10 18.40 I'sour [ttem Name
Stack Temp (Ts) 15.80 14.40 14.60 14.93 [Start Weight (g) Start Weight (g)
Impinger T Outlet 14.00 13.00 12.00 13.00 [End Weight (g) [End Weight (g)
Vaccum (" Hg) 2.00 2.00 2.00 2.00 [Total weight ) 0 [Fotal weight ) 0
Traverse Point Total [Impinger 6 [item Name
Time/Point(mins) soL/ Is_um Weight ()
AP _(mm H20) nla nla n/a nla nla nla nla nla nla Start Weight (g) End Weight (g)
K factor nla na na nla na nla nla nla na [End Weight () [Fotal weight ) 0
AH (Orifice) [Total weight (g) 0
Meter (Tm in) [ttem Name
Meter (Tm out) [Impinger 7 [Start Weight (g)
Stack Temp (Ts) soL/ End Weight (g)
Impinger T Outlet [Start Weight (g) [Total weight (g) 0
Vaccum (" Hg) [End Weight ()
[Total weight (z) 0 [item Name
Traverse Point Total [Start Weight (g)
Time/Point(mins) impinger 8 [End Weight ()
AP (mm H20) wa wa a a a wa wa wa wa [Fotal weight ) 0
K factor nla wa a nla na na nla nla wa Start Weight (g)
AH (Orifice) [End Weight () [item Name
Meter (Tm in) [Total weight (g) 0 [Start Weight (g)
Meter (Tm out) [End Weight ()
Stack Temp (Ts) [Fotal g | 0.10 ] [rotal weight &) 0
Impinger T Outlet
Vaccum (" Hg) Silica <50% used - H 1f moisture was not measured and gas was
at End of Test? YN dried before entering the gas meter,
Traverse Pomt Total impinger weights must be included to
Time/Point(mins) Rinse Solutions used produce the moisture concentration used in
AP (mm H20) nla a Wa Wa Wa Wa wa wa wa Solution SOLNO the isokinetic calculations. If the gas was
K factor na na na nla na nla nla nla wa DI Water not dried before it entered the gas meter
AR (Orifice] Acetone then impinger weights may be included to
‘Meter (Tm in) produce a nominal 0.1% moisture value.
Meter (Tm out)
Stack Temp (Ts)
Impinger T Outlet
Vaccum (" Hg)
A3 Meth | S ling Dat
| Environmental Compliance Limited | SAMPLE TUBE DATA SAMPLING PROFORMA
Client Biotage GB LTD aCircular _meectangular _ hapse D 629 Date of Test 31.03.15
Site Ystrad Mynach Stack Diameter (mm) 200 Balance ID N/a Sample Start Time 12:14
Location Main Building EP3 Pump ID 164 Sample End Time 13:14
Stack ID A3 Stack Area (m?) 0.031 Meter ID 164 Duration
Test No. Methanol 1 Barometric Pressure (mb) 1001 DGM Yd or ml/count 0.41 02
- VST T OpStTeT O ST -
Job No P2251 Heated Line ID N/A wbe free for entire sample - 02 Uncertainty %Vol
ECL Site Staff CL +IH Impinger ID N/A /0
[ Meter Units - Impinger 1
wures Sample Leak 1 e tartend Leak 2 time Starl endd Total
Start Volume 844850.0 844842.0 12:05:00 860808.0 13:16:00 Start Weight (g)
Final Volume 859762.0 844842.0 12:06:00 860808.0 End Weight (g)
Total Volume 149120 0.0 0.0 14912.0 Total weight (& 0
Time Point 0-10 10-20 mins 2030 3040 [impinger 2
Heated Line Temp °C N/A N/A N/A N/A
Tube Temp °C 15.2 174 18 18.4 Start Weight (g)
Stack Temp °C 15.6 14.8 14.4 14.2
Meter Temp In °C 13 14 16 16 End Weight (g)
Meter Temp Out °C 13 14 16 16 Total weight (g) 0
Time Point 4050 50-60 [impinger3
Heated Line Temp °C N/A N/A
Tube Temp °C 19.6 20.4 Start Weight (8)
Stack Temp °C 14.6 13.9
Meter Temp In °C 18 20 End Weight (g)
| Meter Temp Out % 1B 20) Total weight 0
Time Point ica (IF USED)
Heated Line Temp °C <50% Spent at end? YES
Tube Temp °C Start Weight (g)
Stack Temp °C
Meter Temp In °C End Weight (g)
Meter Temp Out °C Total weight ) 0
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Biotage GB Ltd

Permit No : EPR/DP3832EF
Variation No :N/A
Report Ref : P2251 : ROO1

Environmental Compliance Limited

Installation Name
Visit Details
Survey Dates

Report Issue Date

: Ystrad Mynach

: Annual Compliance Emis

: 31 March - 1% April 2015
: 29th April 2015

A4 HBr Sampling Data

Compliance Limited NON ISOKINETIC SAMPLING PROFORMA [ Dateof [ 01/0472015 | ] 1fmoisture was not measured see detailed
[ ECLTPD] 358 [Time taken to change Ports? | 0 |L_start Time 09:04 | [ End Time 10:04 11 Additional Moisture Weighings
Test Duration 60 mins
Client Biotage GBLTD __[Stack Profile Circular ] Console id | _u011__[Barometer id [impinger 1 H2504 tem Name
Site Ystrad Mynach [Stack Area (m?) 0.03 w011 [Nozzle Id nla I'sour 2713 Start Weight (g)
Location Resin Shed ic Pressure (mb) 1006 141 Nozzle size n/a F{ari Weight (g) 727.1 End Weight (g)
Stack 1D A4 [Static Pres. (mm H,0) 10 1.0321_|Filter Id na [End Weight () 726.7 [Total weight (&) 0
Test No. Hydrogen Bromide 1__|Pitot coefficient nla 42.88 _[Pitot ID nla [Total weight ) 04
Job No P2251 Probe Heater Setting (°C) 160 Impinger Id 657 |Hot Box ID 977 ltem Name
ECL Site Staff CL + IH Hot Box_Setting (°C) 160 Balance Id 368 (impinger 2 H2504 Start Weight (g)
Required Sample Suggested [sou 2713 [End Weight (g)
Flowrate Umin | AH _Entered Below }ilarl Weight (g) 716.9 Total weight (z) 0
Sample Leak 1 Teak 2 Leak 3 Leak 4 Teaks Total 3 1 [End Weight ) 718.4
[Start Volume 317925.7 6 3 [Total weight @) 15 item Name
Final Volume 3185326 10 10 Start Weight ()
Total Volume 606.9 0.0 0.0 0.0 0.0 0.0 606.9 15 25 Impinger3 NaOH [End Weight (g)
Leak Check irst Second Third Fourth Fiith 25 50 soL/ 2719 [Total weight () 0
Leak rate I/min 0 0 Dry O, 1 Atmospheric) 21.00 Initial AH 10 [Start Weight (g) 709.4
Vaccum "Hg 10 8 Dry Carbon Dioxide % 0.10 Reference Oxygen 20.9 [End Weight (g) 710.6 Item Name
[rime of Check 08:45 10:06___ oy Carbon wonoride por Percentage [Total weight (&) 12 Start Weight ()
[Set Rate /min 10 10.0 End Weight (g)
Leak <2%? YES YES (impinger 4 NaOH Total weight (g) 0
Traverse Point Al Al A1 A1 Al Al Total I'sour 2719
Time/Point (mins ) 0-10 10 -20 20 - 30 30-40 40 -50 50 - 60 Flari Weight (g) 770.1 Item Name
AP (mm H20) nla a a na na na nla nla na [End Weight () 773.9 Start Weight ()
K factor n/a na na nla a na nla nla wa [Fotal weight &) 38 [End Weight (z)
AH (Orifice) 10.00 10.00 10.00 10.00 10.00 10.00 10.00 [Total weight (g) 0
Meter (Tm in) 9.70. 10.90 11.40 11.80 12.40 12.70 11.48 {impinger 5 Silica
Meter (Tm out) 9.70 10.90 11.40 11.80 12.40 12.70 11.48 Isou [item Name
Stack Temp (Ts) 22.80 22,50 2240 22.60 22.90 23.10 22.72 [Start Weight (g) 770.1 Farl Weight (g)
Impinger T Outlet 8.00 9.00 9.00 10.00 9.00 9.00 9.00 }?nd Weight (g) 7739 [End Weight (g)
Vaccum (" Hg ) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 “Tulzl weight (g) 3.8 ITuial weight (g) 0
Traverse Point Total [Impinger 6 [item Name
Time/Point(mins) soL/ Is_um Weight ()
AP (mm H20) na wa a a wa wa wa wa wa Start Weight (g) [End Weight ()
K factor nla na nla nla a na nla nla na [End Weight () [Fotal weight ) 0
AH (Orifice) [Total weight (g) 0
Meter (Tm in) [ttem Name
Meter (Tm out) [impinger 7 Is_«m Weight ()
Stack Temp (Ts) soL/ End Weight (g)
Impinger T Outlet [Start Weight (g) [Total weight () 0
Vaccum (" Hg) [End Weight ()
Total weight (z) 0 [item Name
Traverse Point Total Is_m Weight ()
Time/Point(mins) impinger 8 [End Weight ()
AP (mm H20) nla na wa na wa na nla nla na [Fotal weight @) 0
K factor nla wa a na na nla nla nla nla Start Weight (g)
AH_(Orifice) [End Weight () [item Name
Meter (Tm in) [Total weight (g) 0 [Start Weight (g)
Meter (Tm out) [End Weight ()
Stack Temp (Ts) [Fotal g1 | 9.90 ] [Fotal weight &) 0
Impinger T Outlet
Vaccum (' Hg) Silica <50% used IS H 1f moisture was not measured and gas was
at End of Test? ¥IN dried before entering the gas meter,
Traverse Pomt Total impinger weights must be included to
Time/Point(mins) Rinse Solutions used produce the moisture concentration used in
AP (mm H20) wa wa a a a a wa wa wa Solution SOLNO the isokinetic calculations. ~ If the gas was
K factor n/a na na nia na nia n/a n/a na DI Water 2714 not dried before it entered the gas meter
AR (Orifice] Acetone then impinger weights may be included to
Mefer (Tm in) produce a nominal 0.1% moisture value.
Meter (Tm out)
Stack Temp (Ts)
Impinger T Outlet
Vaccum (' Hg)
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LABORATORY ANALYSIS RESULTS
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Biotage GB Ltd
Permit No
Variation No
Report Ref

: EPR/DP3832EF
:N/A Survey Dates

: P2251 : ROO1

Environmental Compliance Limited

Installation Name
Visit Details

Report Issue Date

SAL

Ecientific Analysis Laboratoriss o a

limited comparny regizterad in England and

Walsz (Mo 2514788) whoos addreas is at

Hadfisld Houszs, Hadfisld Street, Manchester M16 BFE

Scientific Analysis Laboratories Ltd

Certificate of Analysis

: Ystrad Mynach

: Annual Compliance Emissions
: 31" March - 1% April 2015

: 29th April 2015

Hadfield House
Hadfield Street
Cornbrook
Manchester

M16 9FE

Tel - 0161 674 2400
Fax : 0167 874 2404

Report Number: 468613-1

Date of Report: 20-Apr-2015

Customer: Environmental Gompliance Ltd
Unit G1
Main Avenue
Treforest Industrial Estate
Pontypridd
CF37 5BF

Customer Contact: Mr Craig Lewis

Customer Job Reference: P2251

Customer Purchase Order: E3898

Date Job Received at SAL: 08-Apr-2015
Date Analysis Started: 16-Apr-2015
Date Analysis Completed: 20-Apr-2015

The results reported relate to samples received in the laboratory

Opinions and interpretations expressed herein are outside the scope of UKAS accreditation
This report should not be reproduced except in full without the written approval of the laboratory
Tests covered by this certificate were conducted in accordance with SAL SOPs

All results have been reviewed in accordance with QP22

Gl

= Report checked

E and authorised by :

[y KAS 1 Michael Goodman
L Project Management
1549
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SAL Reference: 468613
Customer Referencs: P2251
Impingsr (sodium Analysed az Impingsr {sodium hydroxids)
hydroxide)
Miscellaneous
SAL Refersnce| 468613010 | 468813 020 | 468613 022
Gustomer Sampls Rsfersnce | ECLI5M1560 | EGL5MS61 | ECLI5M563
TestSemple| AR AR AR
Dsie Sampled | 01-APR-2015 | 01-APR-2015 | 01-APR-2015
Determi Method | LOD | Units | Symbol
Hydrogsn Bromids Ic 005 | mgt u U3pg | 03030 | 03005
Valums Vel 1 m M 10 | w0 | =
SAL Reference: 488613
Customer Reference: P2251
Impinger (0.1N Analyssd az Impingsr (0.1N Sulphuric Acid)
Sulphuric Acid)
Miscellansous
SAL Refersnce| 408613 017 | 468613 018 | 408613 021
Gustomer Sample Rsference | ECLM5/1558 | ECLI5M1550 | ECLI5M1562
TestSample| AR AR AR
Dste Sampled | 01-APR-2015 | 01-APR-2015 | 11-APR-2015
Determi Mothod | LOD | Units | Symbol
Hydrogen Bromide Ic 05 mg N Mgy | M35z | ®sp
Volums Vol 1 m N e e
SAL Refersnce: 468613
Customer Reference: F2231
Impinger{Di water] Analyssd ac Impingsr{Di watar)
Miacsllanscus
SAL Refersnce| 468013001 | 468613002 | 458613003 | 468613011 | 468613012
Gustomer Sample Rsferance | ECLA5/1546 | ECLMSM547 | ECLN5/1548 | ECLI5/1553 | ECLISM554
Test Sample AR AR AR AR AR
Dsto Sampled | 31-MAR-2015 | 31-MAR-2015 | 31-MAR 2015 | 01-APR-2015 | 01-APR 2015
Determinand Mothod | LOD | Unita | Symbol
Hydrogen Chicrids i 005 | gt u (553500 | (paz | (lgps | 031%74 | (Slgae
Volume Vol 1 m u 300 120 260 260 130
SAL Reference: 463813
Gustomer Referencs: F2251
Impinger{ DI water) Analyssd az Impingsr DI watsr)
Miscellaneous
SAL Reference| 468813013
Customer Sample Reference | ECLIS/1585
Test Sample AR
Dste Sampled | 01-APR-2015
D Method | LOD | Units | Symbol
Hydrogen Chiorids Ic 0.05 gl u {13 =005
Volume Vol 1 m u 240
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Biotage GB Ltd Installation Name : Ystrad Mynach
Permit No : EPR/DP3832EF Visit Details : Annual Compliance Emissions
Variation No :N/A Survey Dates : 31 March - 1% April 2015
Report Ref : P2251 : ROOT Report Issue Date : 29th April 2015
SAL Reference: 488613
Customer Refersncs: P2251
Tube (Charcosl 226-00)  Analyesd as Tubs (Charcoal 226-00)
Mizcollansous
SAL Refersnce| 468613 004 468613 005 468613 008 488613 007 483613 008
Customer Sample Rfersncs| ECLISIS40FRONT | ECLASNS0 | ECLSNSOBACK | ECLASNSS0 | ECLIS/SST FRONT
Test Sample AR AR AR AR AR
Date Sampled | 31-MAR-2015 31-MAR2015 31MAR 2016 31-MAR-2016 31-MAR-2015
Detormi [ Method | LOD | Units | Symbol |
Mthanal [ eoms [ 10 | w | W | <10 <10 <10 <10 1 61
SAL Reference: 463513
Customer Referance: P2251
Tube (Charcoal 226-00)  Analyzed ac Tube [Charcoal 226-09)
Miacallansous
SAL Rsferancs | 458613 009 468613 010 488613 014 488613 015 468613 016
Customer Sampls Raference| ECLMN51551 BACK ECL/15M1552 ECLM5/1556 FRONT | ECL5M556 BACK ECLN5M557
Teet Sample AR AR AR AR AR
Date Sampled| _31-MAR-2015 31-MAR 2015 01-APR-2015 01-APR-2015 01-APR-2015
Determi [ Method | LOD | Units | Symbol |
Methancl | eoms [ 10 | w | N | <10 [ <10 [ <10 <10 =10

Index to symbols used in 468613-1

Valus Deseription
AR [As Racsived
185  |Dus 1o isvalz found in ths 2ampls that ars cutsids of the nomal ion rangs of tha i analysis was on a dilusd
sample

Thers was >10% found on the back ssction of the bs
13 Reeuits have been blank comected.

9 LOD raized dus 1o dilution of zampls

u Analyziz iz UKAS accradited

N Analysiz is not UKAS

Produced by Scientific Analysis Laboratories Ltd, Hadfield House, Hadfield Street, Combrook, Manchester, M16 9FE Page 3 of 3
468613-1
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UNCERTAINTY CALCULATIONS
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A1 Volumetric Flowrate Uncertainty

Stack Reference A1l
Measurement Uncertainty Calculations - Velocity at Stack Conditions
Contribution From Standard u/c (mm H;0)
Pitot Calibration Uncertainty Contribution 005 A
Manometer Calibration Uncertainty Contribution 0055 B
Wariation in Actual Pitot reading at sample points 012 cC
Combined ufc (mm Hy0) = Combined w/c (mm H;0)
SQRT (AA3)F + (BAE)E + (CAH3)H 0.08
Expanded Uncertainty of Flow Measurements {(mm H;0) 0.16
Standard w/c (K)
Temperature Calibration (K} 1.44 D
Wariation in Actual Temp reading at sample points 0o E
Combined ufc of Temp (K) Combined w/c (K)
SQRT (DAY + EATH 0.83
Expanded Uncertainty of Temp Measurements (K) 1.67
Measured Average Welocity (mfs) at Stack Conds 13.41
Maximum Average Velocity (mfs) at Stack Conds 13.54
Standard Uncertainty Welocity at Stack Conditions (%) 1.02
Expanded Uncertainty Velocity (at Stack Conditions) 2.03 (%)
Measurement Uncertainty Calculations - Flowrate at Stack Conditions
Contribution From Standard u/c (m?)
Area (m2) 0.00031
Measured Average Flowrate (msfs) at Stack Conds 0.42
Maximum Average Flowrate (m®/s) at Stack Conds 0.43
Standard Uncertainty Flowrate (m%s) at Stack Conditions (%) 203
Expanded Uncertainty Flowrate (m®/s) at Stack Conditions 4.05 (%)
Measurement Uncertainty Calculations - Flowrate at STP & Wet Gas
Contribution From Standard u/c (%)
Temperature Calibration () 0.5
Barometer Calibration 0s
Measured Average Flowrate (m®/s) at STP Wet 039
Maximur Average Flowrate (m®/s) at STP Wet 0.40
Standard Uncertainty Flowrate (m®/s) at STP Wet 251
Expanded Uncertainty Flowrate (m°/s) at STP Wet 5.02 (%)

Page 44 of 62




Environmental Compliance Limited
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Permit No : EPR/DP3832EF Visit Details : Annual Compliance Emissions
Variation No :N/A Survey Dates : 31 March - 1% April 2015
Report Ref : P2251 : ROOT Report Issue Date : 29th April 2015
A1 HCI Uncertainty
Site: Ystrad Mynach 2 2
Location: A1 Unass =~ 2 (Usiter) +(Usotuion)
Recovered LAB Method Uncert (% ) K=2 Standard Uncertainty Combined
Determinand Filter Solution Mass Filter Solution Filter Solution Uncertainty
mg mg mg mg mg mg mg mg
HCI-1
Hydrogen Chloride 60.04 60.04 7.80 3.90 3.90
HCI-1 Standard Uncertainty @ 95%
Sampled Volume (V,;) 0.58 m® uw, 0001 m}
Meter Correction Factor (Yd) 1.03
Meter Temperature (T,,) 286.55 k uTy, 1.5 k
Average Differential Pressure (AH) 10.00 mmH,0 uAH 0.25 mmH,0
Barometric Pressure (P,) 750.81 mmHg upy, 3.8 mmHg
AH + Ps (Pm) 100.20 kPa
Oxygen content (O,,,) 21.00 % by volume uO, , = J/«/ﬁ 0.00 % by volume
Moisture Content (H,0) 1.01 % by volume uH,0 0.27 % by volume
Note: In the following calculations, the sensitivity coefficient (C) is estimated using: Ci = i
%

For each factor, uncertainty is then calculated by Ciui where C is the sensitivity coefficient, u is the standard uncertainty and i is the index identifying the
contributing factor e.g. i =uV,,, uT, etc.

Where results are required at wet conditions, the following correction factor is used to convert the data from the dry gas meter:

HCl-1:
100

fopeg =————— =
"7 (100 - H,0)

1.01

Uncertainty in correction factor to STP due to measured AH uncertainty component (uAH), measured stack pressure uncertainty component (up) & measured
temperature of dry gas uncertainty component (uT, p)

HCI-1:
AH
Py +——
273 ' " 136
s m X2 Y = 0.982
760 T,
Maximum Minimum Sensitivity ufstp

uAH 0.98 0.98 0.0000961 0.0000240
upy, 0.99 0.98 0.00131 0.00490
uTy, 0.99 0.98 0.00343 0.00514
H,O 0.98 0.98 0.00992 0.00269

2 2 2
ufy {1(UAH)Z+(UP5)ZJ ( uT, )] +[ uH,0 ]: 0.00733

N
(Pp/101.3) (T,,/273.15)) " 100/(100-H,0)

Uncertainty in volume @ STP due to volume correction factor uncertainty component (uV4g) & volume uncertainty component (uV,,)

HCI-1:
Vsta =Vineasurea % fs = 0.566
Maximum Minimum . Standard
3 3 Sensitivity ) 3
m m Uncertainty (m°)
Effect of uVyq 0.57 0.56 0.58 0.00422
Effect of uVy, 0.57 0.57 0.98 0.000982
Combined Standard Uncertainty
v 2wy, Y
u u
—s [ ] + ( m ] = 0.00262
Vstd fs Vm
Uncertainty of Oxygen Correction Factor (%):-
HCI-1:
20.9% -0 29%-0, , )
f, = bt 21 - S 1.00 ucorr "y, = —————————®________yUncertainty of O, Measurement = 1.00
© = 20.9% ~ 0, nwurs (20960, s MO0, )
uCorr "
uf, =———2 x100 = 0.00 %
Oz f02
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Uncertainty in final measurement @ reference conditions due to mass uncertainty component (uM)

Installation Name
Visit Details
Survey Dates
Report Issue Date

: Ystrad Mynach

: Annual Compliance Emissions
: 31 March - 1% April 2015

: 29th April 2015

HCI-1:
Determinand Maximum Minimum s uM
3 3 Sensitivity 3
mg/Nm mg/Nm mg/Nm
112.97 99.18 1.77 6.89

Hydrogen Chloride

Uncertainty in final measurement @ reference conditions due to uncertainty component arrising from leak and/or loss (assumed 2% max) in the sample system (uL)

HCI-1:

Determinand ulL
mg/Nm?

Hydrogen Chloride 1.22

Uncertainty in final measurement @ Reference Conditions due to uVstp

HCI-1:
Determinand Maximum Minimum Sensitivity uVstp
mg/Nm? mg/Nm?* mg/Nm?
Hydrogen Chloride 106.57 105.59 187.42 0.49
Combined Uncertainty excluding oxygen contribution
— 2 2 2
Uecntire =y D _(Una)? HUL)? +(WVap)
HCI-1:
Determinand Combined Expanded Measured Percent of
eterminan Uncertainty Uncertainty Concentration Measured
mg/Nm? mg/Nm?* mg/Nm’* Concentration
Hydrogen Chloride 7.02 14.04 106.08 13.24

Combined Uncertainty including oxygen contribution

Ucombined = \/Z (uf,,)* + (Uncertainty of Measurement of Determinand)®

Overar

Measurement
Uncertainty of
Determinand

Determinand

Measurement

Uncertainty of

Oxygen Corrn
Factor

Measurement
Uncertainty inc O,

Corr" factor
a v

Hydrogen Chloride 13.24

0.00

13.24
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Installation Name
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Survey Dates
Report Issue Date

: Ystrad Mynach

: 29th April 2015

A1 Methanol Uncertainty

Site: Biotage GB LTD, Ystrad Mynach
Location: Main builiding EP1, Stack ID:A1

Standard Uncertainty @ 95%
sampled Volume V,, 001451 m uv,, 0.000 m®
Meter Correction Factor or ml/count Yd 0.41
Meter Temperature T, 28483 k uT,, 1.5 k
Barometric Pressure P» 1001.00  mBar 10.0 mBar
Oxygen content Oy m 0.00 %Vol u0, 0.00 % Vol
Moisture H,O 0.00 %Vol uH,0 % Vol
Tubes
Determinand Recovered Standard Uncertainty
Mass
Methanol 10.00 ng uM 0.50 ng
Note: In the following calculations, the sensitivity coefficient (C) is estimated using: Ci= %
i

For each factor, uncertainty is then calculated by Ciui where C is the sensitivity coefficient, u is the standa
and i is the index identifying the contributing factor e.g. i=uVy, uT, etc.

Where results are required at wet conditions, the
meter:

following correction factor is used to convert the data froi

(. 100
¥t (100- H,0)

1.00

Uncertainty in correction factor to STP due to measured barometric pressure uncertainty component (upb),
measured temperature of dry gas uncertainty component (uT,,) & measured moisture (uH,0) where required

213 p
s Tm x101.3 = 0.95
Maximum Minimum Sensitivity ufstp
upyp 0.49 0.48 0.000483 0.00483
uTy, 0.95 0.94 0.00333 0.00499
uH, O
2 2 2
uf, up, N uT, N uH,0 _ .
f, V(R 1003)) | (T,/273.15)) " 100/(100— H,0) 000648

uncertainty component (uVm)

Uncertainty in volume @ STP due to volume correction factor uncertainty component (uVstd) & volume

=V f

X

S

v std

measured

Effect of uf,
Effect of uv,,

0.00563
Standard
Maximum Minimum e Uncertainty
m? m? Sensitivity m?
0.00567 0.00559 0.00595 0.0000385
0.00564 0.00563 0.39 3.883E-06
= 0.0000335

(assumed 2% max)

Uncertainty of correction factor to reference conditions (excluding oxygen contribution) & Uncertainty in
final measurement @ reference conditions due to uncertainty component arrising from leak and/or loss

in the sample system (uL)

Conc x 2
_ 100

NE)

Methanol

Tubes Condensate
uL uL
mg/Nm? mg/Nm®
0.0205
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Recovered

Conc = — =&
Vi, x fox fo,

Uncertainty in final measurement @ Reference Conditions due to uMgecovered

Charcoal Tube Results

Maximum Minimum Standa.rd
Sensitivit Uncertainty
mg/Nm? mg/Nm? ensiivity mg/Nm?
Methanol 1.86 1.69 177.53 0.0888
Condensate Results
Maximum Minimum Standa.rd
e Uncertainty
3 3 Sensitivity 3
mg/Nm mg/Nm mg/Nm
Methanol
Uncertainty in final measurement @ Reference Conditions due to uVsyp
Charcoal Tube Results
Maximum Minimum Standa.rd
Sensitivi Uncertainty
mg/Nm?® mg/Nm? ensitivity mg/Nm?
Methanol 1.79 1.76 315.18 0.0106
Combined Uncertainty (excluding Oxygen contribution)
2 2 2
Ucortined =y > (Un1)2 HUL)? + (W)
Charcoal Tubes: Combined Expanded Measured Percent of
. Uncertainty Uncertainty Concentration Measured
Determinand 3 3 3 .
mg/Nm mg/Nm mg/Nm Concentration
Methanol 0.0917 0.18 1.78 10.33
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A2 Volumetric Flowrate Uncertainty

Stack Reference A2
Measurement Uncertainty Calculations - Velocity at Stack Conditions

Contribution From Standard w/c (mm H;0)
Fitot Calibration Uncertainty Contribution 0071 A
Manometer Calibration Uncertainty Contribution 0071 B
Wariation in Actual Pitot reading at sample points 014 C
Combined ufc (mm H;O) = Combined uw/c (mm H;0)
SORT (AAE? + BAEY + (CAHFYD 0.10
Expanded Uncertainty of Flow Measurements (mm H;0) 0.20
Standard w/c (K)
Temperature Calibration (K) 143 D
Wariation in Actual Temp reading at sample points 030 E
Combined ufc of Temp (K) Combined w/c (K)
SQRT (DAY + (EANIPY) 0.84
Expanded Uncertainty of Temp Measurements (K) 1.69
Measured Average Yelocity (m/fs) at Stack Conds 15.08
Maximum Average Velocity (m/fs) at Stack Conds 16.23
Standard Uncertainty Velocity at Stack Conditions (%) 1.00
Expanded Uncertainty Velocity {(at Stack Conditions) 1.99 (%)
Measurement Uncertainty Calculations - Flowrate at Stack Conditions
Contribution From Standard u/c [rnzl
Area (m2) 0.00031
Measured Average Flowrate (m®/s) at Stack Conds 0.47
Maximum Average Flowrate (m®/s) at Stack Conds 0.48
Standard Uncertainty Flowrate (m’/s) at Stack Conditions (%) 2.01
Expanded Uncertainty Flowrate (m®/s) at Stack Conditions 4.01 (%)
Measurement Uncertainty Calculations - Flowrate at STP & Wet Gas
Contribution From Standard u/c (%)
Temperature Calibration (k) 05
Barometer Calibration 05
Measured Average Flowrate (m®/s) at STP Wet 0.45
Maximum Average Flowrate (m®/s) at STP Wet 0.46
Standard Uncertainty Flowrate (m°/s) at STP Wet 2.49
Expanded Uncertainty Flowrate (m°/s) at STP Wet 4.99 (%)
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Report Issue Date : 29th April 2015

2 2
Unass = Z(ufihsr) +(Usolution)

Location: A2
Recovered LAB Method Uncert (% ) K=2 Standard Uncertainty Combined
Determinand Filter Solution Mass Filter Solution Filter Solution Uncertainty
mg mg mg mg mg mg mg mg
HCI-1
Hydrogen Chloride 19.28 19.28 2.51 1.25 1.25
HCI-1 Standard Uncertainty @ 95%
Sampled Volume (V,;) 0.58 m® uw, 0001 m}
Meter Correction Factor (Yd) 1.03
Meter Temperature (T,,) 279.62 k uTy, 1.5 k
Average Differential Pressure (AH) 10.00 mmH,0 uAH 0.25 mmH,0
Barometric Pressure (Pp,) 754.56 mmHg uPyp 3.8 mmHg
AH + Ps (Pm) 100.70 kPa
Oxygen content (O,,,) 21.00 % by volume uO, , = J/«/ﬁ 0.00 % by volume
Moisture Content (H,0) 0.0216 % by volume uH,0 0.26 % by volume
Note: In the following calculations, the sensitivity coefficient (C) is estimated using: Ci = i
%

For each factor, uncertainty is then calculated by Ciui where C is the sensitivity coefficient, u is the standard uncertainty and i is the index identifying the

contributing factor e.g. i =uV,,, uT, etc.

Where results are required at wet conditions, the following correction factor is used to convert the data from the dry gas meter:

temperature of dry gas uncertainty component (uT, p)

HCI-1:
f 100
= 1.00
"7 (100 - H,0)
Uncertainty in correction factor to STP due to measured AH uncertainty c (uAH), 1 stack p uncertainty ¢ (up) & measured

HCI-1:

R, +ﬂ
273 ' " 136
s = x———=xYy = 1.002
760 Tn
Maximum Minimum Sensitivity
uAH 1.00 1.00 0.0000975
upy 1.01 1.00 0.00133
uTy, 1.01 1.00 0.00358
H,O 1.00 1.00 0.0100

ufy {1(UAH)Z+(UP5)ZJ2( uT, ]2+[ uH,0
)

N
(Pp/101.3) (T,,/273.15)) " 100/(100-H,0)

]2:

ufstp
0.0000244
0.00497
0.00537
0.00265

0.00773

Uncertainty in volume @ STP due to volume correction factor uncertainty component (uV4g) & volume uncertainty component (uV,,)

HCI-1:
Vstg =Vimeasurea % fs = 0.577
Maximum Minimum . Standard
3 3 Sensitivity ) 3
m m Uncertainty (m°)
Effect of uVyq 0.58 0.57 0.58 0.00446
Effect of uVy, 0.58 0.58 1.00 0.00100
Combined Standard Uncertainty
v L (wy, Y
u u
—s [ ] + ( m ] = 0.00276
Vstd fs Vm
Uncertainty of Oxygen Correction Factor (%):-
HCI-1:
20.9% -0 29%-0, , )
f, = I Mo 1.00 ucorr "y, = —————————®________yUncertainty of O, Measurement = 1.00
© = 20.9% — 0, nwures (20960, s MO0, )
uCorr "
uf, =———2 x100 = 0.00 %
Oz f02
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Uncertainty in final measurement @ reference conditions due to mass uncertainty component (uM)

Installation Name
Visit Details
Survey Dates
Report Issue Date

: Ystrad Mynach

: Annual Compliance Emissions
: 31 March - 1% April 2015

: 29th April 2015

HCI-1:
Determinand Maximum Minimum e uM
3 3 Sensitivity 3
mg/Nm mg/Nm mg/Nm
35.57 31.23 1.73 2.17

Hydrogen Chloride

Uncertainty in final measurement @ reference conditions due to uncertainty component arrising from leak and/or loss (assumed 2% max) in the sample system (uL)

HCI-1:

Determinand ulL
mg/Nm?

Hydrogen Chloride 0.39

Uncertainty in final measurement @ Reference Conditions due to uVstp

HCI-1:
Determinand Maximum Minimum Sensitivity uVstp
mg/Nm? mg/Nm?* mg/Nm?
Hydrogen Chloride 33.56 33.24 57.87 0.16
Combined Uncertainty excluding oxygen contribution
— 2 2 2
Uecntire =y D _(Una)? HUL)? +(WVap)
HCI-1:
Determinand Combined Expanded Measured Percent of
eterminan Uncertainty Uncertainty Concentration Measured
mg/Nm? mg/Nm?* mg/Nm’* Concentration
Hydrogen Chloride 2.21 4.42 33.40 13.24

Combined Uncertainty including oxygen contribution

Ucombined = \/Z (uf,,)* + (Uncertainty of Measurement of Determinand)®

Overar

Measurement
Uncertainty of
Determinand

Determinand

Measurement

Uncertainty of

Oxygen Corrn
Factor

Measurement
Uncertainty inc O,

Corr" factor
a v

Hydrogen Chloride 13.24

0.00

13.24
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Installation Name
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Survey Dates
Report Issue Date
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A2 Methanol Uncertainty

Site: Biotage GB LTD, Ystrad Mynach
Location: Main Building EP2, Stack 1D:A2

: Annual Compliance Emissions
: 31 March - 1% April 2015

Standard Uncertainty @ 95%
Sampled Volume V, 00130 m uv,, 0.000 m*
Meter Correction Factor or ml/count Yd 0.41
Meter Temperature T, 27917 &k uT,, 1.5 k
Barometric Pressure P, 1005.00 mBar 10.0 mBar
Oxygen content Oym 0.00 % Vol uO, 0.00 % Vol
Moisture H,0 0.00 % Vol uH,0 % Vol
Tubes
. Recovered .
Determinand Standard Uncertainty
Mass
Methanol 10.00 ug uM 0.50 ug

ol

0X;

For each factor, uncertainty is then calculated by C,u, where C is the sensitivity coefficient, U is the standa
and i is the index identifying the contributing factor e.g. i=uVy, uT, etc.

Note: In the following calculations, the sensitivity coefficient (C) is estimated using: Ci =

Where results are required at wet conditions, the following correction factor is used to convert the data froi
meter:

100

foo=—=
W (100~ H,0)

1.00

Uncertainty in correction factor to STP due to measured barometric pressure uncertainty component (upb),
measured temperature of dry gas uncertainty component (uT;)) & measured moisture (uH;0) where required

213 p
f =22 F oo
*T T 1013 097
Maximum Minimum Sensitivity ufstp
uPyp 0.50 0.49 0.000488 0.00488
uTy, 0.98 0.97 0.0035 0.0052
uH,0
uf, wp, Y uT, uH,0
—-—= + + = 0.01
f, (P,/101.3) (T,/273.15) 100/(100 - H,0)

Uncertainty in volume @ STP due to volume correction factor uncertainty component (uVstd) & volume
uncertainty component (uVm)

Viad =V measured x fo = 0.0055
Standard
Maximum Minimum . Uncertainty
3 3 Sensitivity 3
m m m
Effect of uf 0.0056 0.0055 0.00570 0.00004
Effect of uV, 0.0055 0.0055 0.40 0.0000040
uv,
— = 0.000032
Vo

Uncertainty of correction factor to reference conditions (excluding oxygen contribution) & Uncertainty in
final measurement @ reference conditions due to uncertainty component arrising from leak and/or loss
(assumed 2% max) in the sample system (ul)

Conc x Tubes Condensate
uL = __ 100 ulL ul
\/§ mg/Nm? mg/Nm?
Methanol 0.02089
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Recovered

Conc = — =&
Vi, x fox fo,

Uncertainty in final measurement @ Reference Conditions due to uMgecovered

Charcoal Tube Results

Maximum Minimum Standa.rd
Sensitivit Uncertainty
mg/Nm? mg/Nm? enstvity mg/Nm?
Methanol 1.90 1.72 180.93 0.09046
Condensate Results
Maximum Minimum Standa.rd
. Uncertainty
3 3 Sensitivity 3
mg/Nm mg/Nm mg/Nm
Methanol
Uncertainty in final measurement @ Reference Conditions due to uVsyp
Charcoal Tube Results
Maximum Minimum Standa'rd
Sensitivit Uncertainty
mg/Nm?® mg/Nm? Y mg/Nm?
Methanol 1.82 1.80 327.35 0.01032
Combined Uncertainty (excluding Oxygen contribution)
2 2 2
Ucortined =y > (Un1)2 HUL)? + (W)
Charcoal Tubes: Combined Expanded Measured Percent of
. Uncertainty Uncertainty Concentration Measured
Determinand 3 3 3 .
mg/Nm mg/Nm mg/Nm Concentration
Methanol 0.09342 0.1868 1.81 10.33
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A3 Volumetric Flowrate Uncertainty

Stack Reference A3
Measurement Uncertainty Calculations - Velocity at Stack Conditions

Contribution From Standard w/c (mm H;0)
Fitot Calibration Uncertainty Contribution 0047 A
Manometer Calibration Uncertainty Contribution 0047 B
Wariation in Actual Pitot reading at sample points 012 C
Combined ufc (mm H;O) = Combined uw/c (mm H;0)
SORT (AAE? + BAEY + (CAHFYD 0.08
Expanded Uncertainty of Flow Measurements (mm H;0) 0.15
Standard w/c (K)
Temperature Calibration (K) 144 D
Wariation in Actual Temp reading at sample points 01 E
Combined ufc of Temp (K) Combined w/c (K)
SQRT (DAY + (EANIPY) 0.83
Expanded Uncertainty of Temp Measurements (K) 1.66
Measured Average Velocity (m/fs) at Stack Conds 12.31
Maximum Average Velocity (m/fs) at Stack Conds 12.45
Standard Uncertainty Velocity at Stack Conditions (%) 1.11
Expanded Uncertainty Velocity {(at Stack Conditions) 221 (%)

Measurement Uncertainty Calculations - Flowrate at Stack Conditions

Contribution From Standard u/c [rnzl
Area (m2) 0.00031
Measured Average Flowrate (m®/s) at Stack Conds 0.39
Maximum Average Flowrate (m®/s) at Stack Conds 0.40
Standard Uncertainty Flowrate (m’/s) at Stack Conditions (%) 2.12
Expanded Uncertainty Flowrate (m®/s) at Stack Conditions 4.24 (%)

Measurement Uncertainty Calculations - Flowrate at STP & Wet Gas

Contribution From Standard u/c (%)
Temperature Calibration (k) 05
Barometer Calibration 05
Measured Average Flowrate (m®/s) at STP Wet 0.36
Maximum Average Flowrate (m®/s) at STP Wet 037
Standard Uncertainty Flowrate (m°/s) at STP Wet 2.60
Expanded Uncertainty Flowrate (m°/s) at STP Wet 5.21 (%)
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A3 NOx Measurement Uncertainty

Measurement Uncertainty Caiculations Part 1

Minimum Certified Range (R;
Horiba PG 250 Performance UStam‘ia.rdl Distributiuon NO 0, Cco,
Characteristics neertainty 0-125 0-25 0-20
(% of Range)
mg/m’® %Vol % Vol
Lack of fit™ u lof Rectangular ( Divisor = V3) 0.40 0.13 0.60
Span drift® Ugs Rectangular ( Divisor = V3 ) 0.27 0.029 0.24
B
Repeatability Standard Deviation (span)® u r Normal ( Divisor = 1) 0.33 0.29 0.22
Losses / leakage in the sample system® u loss Rectangular ( Divisor = V3) 1.58 0.89 0.44
Temperature dependant span drift® u t Rectangular ( Divisor = V3) 0.18 0.070 0.040
Interferents” u i Rectangular ( Divisor = V3) 1.20 0.56 0.010
Uncertainty of Reference Gas® U ref Rectangular ( Divisor = V3) 1.77 0.15 0.088
Note:
when |(%; .. — X ) = (% min — X 21 ), thEN u(x)—ﬁ
i,max iadj /| = i,min i,adj /| i/ \/g
1 Expressed as a percentage of the certified range
2 Expressed as a percentage of the certified range as maximum drift per 24hr period
3 Expressed as a percentage of the certified range
4 Expressed as a percentage of the certified range
5 Expressed as a percentage of the certified range per one degree centigrade
6 Expressed as standard uncertainty in units of measurement i.e. mg/m® / %Vol inc additional uncertainty of 2% for gas blending
7 Applies to TVOC only
Measurement Uncertainty Calculations Part 2
Horiba PG 250 Perf NO ©: €0
oriba erformance . .
Characteristics Uncertainty Value of Standard Uncertainty 0-125 0-25 0-20
mg/m*® %Vol %Vol
) Uor X Ry
Lack of fit u lof U(Xi) = T = 0.29 0.019 0.07
Ug s ¥R,
Span drift Ugs u(x;) = T = 0.20 | 0.0041 | 0.0280
,
n
R - - (X, —X)?
epeatability Standard Deviation (span) u r e 0.33 0.29 0.22
oc=\|"———"-—=
n-1
Losses / leakage in the sample system u loss U(Xi) = M - 1.14 0.13 0.05
V3
2 2
Temperature dependant span drift u t u(x)= U <R x /(X. max_xad]) +(X\.mm_xad])(xx m;x_xad])+(x| mm_Xad]) 0.052 0.0040 0.002
100 3
U xRy
Interferents U; U(Xi) =—= 0.87 0.081 0.01
i 3
. ref
Uncertainty of Reference Gas u ref u (X|) = \/§ = 1.02 0.087 0.05
Combined Standard Uncertainty uC = \/ulif + uj s + ur2 + uliss + ut2 + uiz + urzef 1.82 0.33 0.24
Expanded measurement uncertainty (at 95% confidence) U EXp — 2 xUu ¢ 3.65 0.67 0.49
Applied Span Concentration 102.40 15.03 5.06
Measured Span Concentration, STP Dry Gas 100.19 15.19 5.01
Expanded measurement uncertainty as % of Applied Span 4% 4% 10%
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A3 NOx Uncertainty of Measurement

Uncertainty of Measurement Results - Calculations Part 1

Standard Minimum Certified Range (R,
Horiba PG 250 Performance Characteristics Uncertainty Distribution Divisor NO 0, co,
(% of Range) 0-125 0-25 0-20
mg/m® %Vol %Vol
Lack of fit” U tof 0.40 0.13 0.60
ift® 0.27 0.029 0.24
Span drift , Uds Rectangular
Losses / leakage in the sample system® U loss 1.58 0.89 0.44
Temperature dependant span drift® Ut V3 0.18 0.070 0.040
Notes:
For rectangular distributions, u(x, )f—ux R
s u(x; NG
Ximae = Xiagi)” + Kimin = Xiac ) K max = Xiagi ) + Ko min = Xiagi )’
For u(x) = A%, \/ O = Xoa)” + O =100 )i =)+ O =X09)® ()] =[5~ )t 1) = 25
Where u(x;) -7 (See note 6 below), o =
Jn
Uncertainty NO 0, CO,
Horiba PG 250 Performance Characteristics (Units of final Distribution Divisor 0-125 0-25 0-20
measurement) mg/m® %Vol %Vol
Lack of fit U lof 0.29 0.019 0.069
Span drift Uds R . 0.20 0.0041 0.028
- eC
Temperature dependant span drift Ut N 0.060 0.0046 0.00
Interferents uj 0.87 0.081
Uncertainty of Measurement Results - Calculations Part 1
Standard Minimum Certified Range (R;)
Horiba PG 250 Performance Characteristics Uncertainty Distribution Divisor NO 0, €O,
(% of Range) 0-125 0-25 0-20
mg/m® %Vol %Vol
Lack of fit” U tof 0.40 0.13 0.60
Span drift® 0.27 0.029 0.24
pan drf @ Uds Rectangular
Losses / leakage in the sample system U oss 1.58 0.89 0.44
Temperature dependant span drift® Ut V3 0.18 0.070 0.040
Notes:
For rectangular distributions, u(x;) = uxR,
es N
Xi max = Xiagi)” + Kiomin = X5 a6i) X max = Xi.a61) + Kimin = Xi ai)”
For (i) = Ax [ OXmoe = Xia)” + Cimin = ¥15) Ko = Xi) + Kimin = Xia) RN (5, X,)| = (i — X)) them () = 25
\ e o) =100 N
Where u(x;) -2 (See note 6 below), o =
Jn
Uncertainty NO 0, CO,
Horiba PG 250 Performance Characteristics (Units of final Distribution Divisor 0-125 0-25 0-20
measurement) mg/m’ %Vol %Vol
Lack of fit U lof 0.29 0.019 0.069
Span drift Uds - ) 0.20 0.0041 0.028
Temperature dependant span drift Ut N 0.060 0.0046 0.00
Interferents Ui 0.87 0.081
Where oxygen or moisture correction is required, uncertainty based on the standard error of the measured
peripheral value is converted to units of final measurement using a sensitivity coefficient C,
oo u(x)=C,u; where C :fi
ox;
Uncertainty of Measurement Results - Calculations Part 3
NOx (as NO2) 0, €O,
Horiba PG 250 Uncertainty Date & Time 0-125 0-25 0-20
mg/m® %Vol %Vol
Measured Concentration 56.73 21.10 0.020
31/03/15 12:48 - 13:47
Expanded Uncertainty as Percentage of Measured Concentration 14% 2% >100%

2
syn

Combined Standard Uncertainty u = \/ufn, UG U7 UL U7 U+ UL Ul U

Expanded uncertainty (at 95% confidence) Ug, =2xU,

Expressed as a percentage of the certified range

Expressed as a percentage of the certified range as maximum drift per 24hr period
Expressed as a percentage of the certified range

Expressed as a percentage of the certified range

Expressed as a percentage of the certified range per one degree centigrade

Where the uncertainty of Moisture is taken from the manual extractive test calculations
If no value for uncertainty is presented above, the uncertainty is considered to be >100%

N WA WwN
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A3 Moisture Uncertainty

Site: Ystrad Mynach 2
+(Usotuton)

Unass = Z(“i

Location: A3
Recovered  LAB Method Uncert (% ) K=2  Standard Uncertainty Combined
Determinand Filter Solution Mass Filter Solution Filter Solution Uncertainty
mg mg mg mg mg mg mg mg
Moisture-1
Moisture-1 Standard Uncertainty @ 95%
Sampled Volume (V,,) 0.47 m? w, 0001 m?
Meter Correction Factor (Yd) 1.03 -
Meter Temperature (T,,) 291.40 k uT,y 1.5 k
Average Differential Pressure (AH) 10.00 mmH,0 uAH 025  mmH,0
Barometric Pressure (Py) 750.81 mmHg upy, 3.8 mmHg
AH + Ps (P 100.20 kPa .
Oxygen content (O5,,) 21.00 % by volume U0, , =o/J/n 0.00 % by volume
Moisture Content (H,0) 0.0278 % by volume uH,0 034 % by volume

Note: In the following calculations, the sensitivity coefficient (C) is estimated using:

For each factor, uncertainty is then calculated by Cui where C is the sensitivity coefficient, u is the standard uncertainty and i is the index identifying the

contributing factor e.g. i =uVy, uT,, etc.

Where results are required at wet conditions, the following correction factor is used to convert the data from the dry gas meter:

Moisture-1:
(. o0
S¥et (100 - H,0)

Uncertainty in correction factor to STP due to measured AH uncertainty component (uAH), measured stack pressure uncertainty component (up) & measured
temperature of dry gas uncertainty component (uT,, Dry)

Moisture-1:
AH
P +—
273 v 136
= x——=20 Y = 0.956
760 Tn
Maximum Minimum Sensitivity ufstp
uAH 0.96 0.96 0.0000936 0.0000234
upy 0.96 0.95 0.00127 0.00477
uT, 0.96 0.95 0.00328 0.00492
H,0 0.96 0.95 0.00957 0.00326
YA 2
Al
JWAH)"+@R)” | uT, N uH,0 _ 0.00711
(P,/101.3) (T,/273.15)) | 100/(100-H,0)

Uncertainty in volume @ STP due to volume correction factor uncertainty component (uVg4q) & volume uncertainty component (uV,,)

Moisture-1:
Ve =Vineasurea % fs = 0.447
Maximum Minimum P Standard
3 3 Sensitivity ) 3
m m Uncertainty (m*)
Effect of uVyq 0.45 0.44 0.47 0.00332
Effect of uv,, 0.45 0.45 0.96 0.000956
Combined Standard Uncertainty
uv
std 0.00180
Vg
Uncertainty of Oxygen Correction Factor (%):-
Moisture-1:
20.9% -0 09%-0,, .
0 = _ VT o 1.00 ucorr", :—”xuncenalmyol 0, Measurement = 1.00
*20.9% - Oy measured (20.95 -0, s JX(20.9% -0, ey )
uCorr "
uf, =—— 2 X100 = 0.00 %
o To,
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A3 Methanol Uncertainty

Site: Biotage GB LTD, Ystrad Mynach
Location: Main Building EP3, Stack ID:A3

Standard Uncertainty @ 95%

w

3

Sampled Volume Vi, 001491 m uV,, 0.000 m
Meter Correction Factor or ml/count Yd 0.41
Meter Temperature T, 28917 &k uT,, 1.5 k
Barometric Pressure P, 1001.00 mBar 10.0 mBar
Oxygen content Oy m 0.00 %Vol u0o, , 0.00 %Vol
Moisture H,O 0.00 %Vol uH, 0 %Vol
Tubes
. Recovered .
Determinand Standard Uncertainty
Mass
Methanol 61.00 ug uM 3.05 ug

ol
28
For each factor, uncertainty is then calculated by Ciui where C is the sensitivity coefficient, U is the standa

and i is the index identifying the contributing factor e.g. i=uV,, uT,, etc.

Note: In the following calculations, the sensitivity coefficient (C) is estimated using: C, =

Where results are required at wet conditions, the following correction factor is used to convert the data froi

meter:

100

fopq=—— =
WL (100— H,0)

Uncertainty in correction factor to STP due to measured barometric pressure uncertainty component (upb),

measured temperature of dry gas uncertainty component (uT,) & ed moisture (uH,0) where required
273 P
=X 0= 0.93
s T, 101.3
Maximum Minimum Sensitivity ufstp

upy 0.48 0.48 0.000479 0.00479
uT,, 0.94 0.93 0.00323 0.00484
uH,0

uf, [ we ) ( wm, Y (w0 ) N
£, \(P,/20L3)) " (T,/27315)) " (100/(100— H,0) 0006

Uncertainty in volume @ STP due to volume correction factor uncertainty component (uVstd) & volume
uncertainty component (uVm)

Viad =V measured X fs = 0.00570
Standard
Maximum Minimum . Uncertainty
3 3 Sensitivity 3
m m m
Effect of uf 0.00574 0.00567 0.00611 0.0000380
Effect of uv, 0.00571 0.00570 0.38 3.825E-06
2 2
UVy uf uv,,
- + = 0.0000349
Vstd fs Vm

Uncertainty of correction factor to reference conditions (excluding oxygen contribution) & Uncertainty in
final measurement @ reference conditions due to uncertainty component arrising from leak and/or loss
(assumed 2% max) in the sample system (uL)

Conc x 2 Tubes Condensate
uL = _ 100 uL ul
V3 mg/Nm? mg/Nm®
Methanol 0.12

Page 58 of 62




Biotage GB Ltd
Permit No
Variation No
Report Ref

Environmental Compliance Limited

Installation Name : Ystrad Mynach
: EPR/DP3832EF Visit Details : Annual Compliance Emissions
:N/A Survey Dates : 31 March - 1% April 2015
: P2251 : ROOT Report Issue Date : 29th April 2015

Recovered

Vi, x fox fo,

Conc =

Uncertainty in final measurement @ Reference Conditions due to uMgecovered

Charcoal Tube Results

Maximum Minimum Standa.rd
Sensitivit Uncertainty
mg/Nm? mg/Nm? ensivity mg/Nm?®
Methanol 11.23 10.16 175.32 0.53
Condensate Results
Maximum Minimum Standa.rd
. Uncertainty
3 3 Sensitivity 3
mg/Nm mg/Nm mg/Nm
Methanol
Uncertainty in final measurement @ Reference Conditions due to uVsyp
Charcoal Tube Results
Maximum Minimum Standa.rd
Sensitivi Uncertainty
mg/Nm?® mg/Nm?® ensitivity mg/Nm?
Methanol 10.76 10.63 1875.12 0.0654
Combined Uncertainty (excluding Oxygen contribution)
2 2 2
Ucortined =y > (Un1)2 HUL)? + (Vg )
Charcoal Tubes: Combined Expanded Measured Percent of
. Uncertainty Uncertainty Concentration Measured
Determinand 3 3 3 .
mg/Nm mg/Nm mg/Nm Concentration
Methanol 0.55 1.11 10.69 10.34
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A4 Volumetric Flowrate Uncertainty

Stack Reference Ad
Measurement Uncertainty Calculations - Velocity at Stack Conditions

Contribution From Standard w/c (mm H;0)
Fitot Calibration Uncertainty Contribution 002 A
Manometer Calibration Uncertainty Contribution 002 B
Wariation in Actual Pitot reading at sample points po7  C
Combined ufc (mm H;O) = Combined uw/c (mm H;0)
SORT (AAE? + BAEY + (CAHFYD 0.05
Expanded Uncertainty of Flow Measurements (mm H;0) 0.10
Standard w/c (K)
Temperature Calibration (K) 148 D
Wariation in Actual Temp reading at sample points 01 E
Combined ufc of Temp (K) Combined w/c (K)
SQRT ((DA3Y) + (EAEYY 0.85
Expanded Uncertainty of Temp Measurements (K) 1.71
Measured Average Velocity (m/fs) at Stack Conds 9.08
Maximum Average Velocity (m/fs) at Stack Conds 920
Standard Uncertainty Velocity at Stack Conditions (%) 1.26
Expanded Uncertainty Velocity {(at Stack Conditions) 2.51 (%)
Measurement Uncertainty Calculations - Flowrate at Stack Conditions
Contribution From Standard u/c [rnzl
Area (m2) 0.00096
Measured Average Flowrate (m®/s) at Stack Conds 087
Maximum Average Flowrate (m®/s) at Stack Conds 0.8s
Standard Uncertainty Flowrate (m’/s) at Stack Conditions (%) 2.27
Expanded Uncertainty Flowrate (m®/s) at Stack Conditions 4.53 (%)
Measurement Uncertainty Calculations - Flowrate at STP & Wet Gas
Contribution From Standard u/c (%)
Temperature Calibration (k) 05
Barometer Calibration 05
Measured Average Flowrate (m®/s) at STP Wet 0.80
Maximum Average Flowrate (m®/s) at STP Wet 082
Standard Uncertainty Flowrate (m°/s) at STP Wet 2.74
Expanded Uncertainty Flowrate (m°/s) at STP Wet 5.48 (%)
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A4 HBr Uncertainty

Site: Ystrad Mynach
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: 31 March - 1% April 2015

2 2
Location: A4 Unass = Z(U fitter)” +(Usotution)
Recovered LAB Method Uncert (% ) K=2 Standard Uncertainty Combined
Determinand Filter Solution Mass Filter Solution Filter Solution Uncertainty
mg mg mg mg mg mg mg mg |
Hydrogen Bromide 1
Hydrogen Bromide 35.14 4.57 2.28 2.28

Hydrogen Bromide 1 Standard Uncertainty @ 95%

Sampled Volume (V) 0.61 m? w, 0001 m
Meter Correction Factor (Yd) 1.03
Meter Temperature (T,,) 284.48 k uT, 1.5 k
Average Differential Pressure (AH) 10.00 mmH,0 uAH 0.25 mmH,0
Barometric Pressure (P,) 754.56 mmHg upy 3.8 mmHg
AH + Ps (Pmy 100.70 kPa
Oxygen content (O3 ) 21.00 % by volume uO, , = o‘/w/rT 0.000698 % by volume
Moisture Content (H,0) 2.02 % by volume uH,0 0.26 % by volume
Note: In the following calculations, the sensitivity coefficient (C) is estimated using: Ci = ?i
X

For each factor, uncertainty is then calculated by Ciui where C is the sensitivity coefficient, u is the standard uncertainty and i is the index identifying the

contributing factor e.g. i =uV,,, uT,, etc.

Where results are required at wet conditions, the following correction factor is used to convert the data from the dry gas meter:

Hydrogen Bromide 1:
100
f

st 00— H,0) %

Uncertainty in correction factor to STP due to measured AH uncertainty component (uAH), measured stack pressure uncertainty component (up) & measured

temperature of dry gas uncertainty component (uTy, pry)

Hydrogen Bromide 1:

R +7A
b
2B 136,y

= 1.005
U760 T, ¢
itivity ufstp
uAH 1.00 1.00 0.0000978 0.0000245
up, 1.01 1.00 0.00133 0.00499
uT,, 1.01 1.00 0.00353 0.00530
H,O 1.01 1.00 0.0103 0.00262
f, |y ) T, ) HOo )
L U [ L + Ly = 0.00763
f, (P,/101.3) (T,/273.15) 100/(L00— H,0)

Uncertainty in volume @ STP due to volume correction factor uncertainty component (uVyg) & volume uncertainty component (uV,,)

Hydrogen Bromide 1:

Vg =Vimeaswrea * fs = 0.610
Maximum Minimum - Standard
3 3 Sensitivity ) 3
m m Uncertainty (m°)
Effect of uVgg 0.61 0.61 0.61 0.00463
Effect of uV,, 0.61 0.61 1.00 0.00100
Combined Standard Uncertainty
v Ve V(W )
u u u
—sd - [—5“’ ] +[ o ] = 0.00298
Vg fs Vin
Uncertainty of Oxygen Correction Factor (%):-
Hydrogen Bromide 1:
20.9% -0 20.9%-0. .
f, = _ I Mo 1.00 uCorr®y, =——————*®___yUncertaintyof O, Measurement = 1.00
=~ 20.9% ~ 0y nosares (0950, o XDO5-0, )
Ojl.r n
uf, =————% x100 = 0.00 %
o,
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Uncertainty in final measurement @ reference conditions due to mass uncertainty component (uM)

Hydrogen Bromide 1:

Determinand Maximum Minimum

3 3 Sensitivity 3
mg/Nm mg/Nm mg/Nm
61.37 53.88 1.64 3.75

Hydrogen Bromide

Uncertainty in final measurement @ reference conditions due to uncertainty component arrising from leak and/or loss (assumed 2% max) in the sample system (uL)

Hydrogen Bromide 1:
Determinand ulL

mg/Nm?

Hydrogen Bromide 0.67

Uncertainty in final measurement @ Reference Conditions due to uVstp

Hydrogen Bromide 1:

Determinand Maximum Minimum Sensitivity uVstp
mg/Nm? mg/Nm?* mg/Nm?
Hydrogen Bromide 57.91 57.35 94.52 0.28
Combined Uncertainty excluding oxygen contribution
_ 2 2 2
Uecntire =y D _(Una)? HUL)? +(WVap)
Hydrogen Bromide 1:
Determinand Combined Expanded Measured Percent of
eterminan Uncertainty Uncertainty Concentration Measured
mg/Nm? mg/Nm?* mg/Nm’* Concentration
Hydrogen Bromide 3.81 7.63 57.63 13.24

Combined Uncertainty including oxygen contribution

Ucombined = \/Z (uf,,)* + (Uncertainty of Measurement of Determinand)®

Overar

Measurement
Uncertainty of
Determinand

Determinand

Measurement

Uncertainty of

Oxygen Corrn
Factor

Measurement
Uncertainty inc O,

Corr" factor
a v

Hydrogen Bromide 13.24

0.00

13.24
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