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l Further to the submission of additional information as reques sd%y the Agency under Reg 10,

L G. BRUSS G}an I Dichtungstechnik | Sligo | Ireland

G. BRUSS GmbH
{ Dichtungstechnik

i

- Office of Climate, Licensing & Resource Use
PO Box 3000
thnstown Castle Estate

‘ County Wexford

. i

e Y

IPC Reg |No P0O465-02

Re Letter of 29 June 2016 Request for Information according to Reg. 10(2)(b)(ii) o

Regulatlons 2013 - Follow up Monitoring Report

}

Dear Mr: Clabby,

I'su oject of the Ilcence application. This monitoring re

" upgraded process equipment ‘Walther Trowal’ RO

Finisklin Road

Phone +353 71 815 6300
Fax +353 71 916 8352

Internet: www.Bruss.de

Branch Registered Office
Finisklin Road, Sligo

Co. Reg. No. 802311
Vat No 4540058 |

04 Oct 2017

\-.}C) (Licensing)

&

}
i I am enclosing a follow up monitoring report on Air emw@ﬁ@?rom the proposed A2-05 emission point , the

% the analysis of samples taken from the
System, as described in our response to item No.

We declare that the content of the electro@?\:\fnles on the accompanying CD-ROM is a true copy of the

.. t4ofthe Reg 10 response. \\OQé\
" &é)o
- S
origina form. - éé:‘\o
§

Please fmd enclosed the following 8ocuments for review:

. 2 electronic copies of all files on CD-ROM

1
A

. Reg 10 Request follow Monitoring Report Hardcopy: 1 signed original, | copy

‘ Plexase 'do not hesitate to contact us with any queries you may have,

Yours sincerely,
i
Anna Garvey '
Enwronmental ‘Manager
G. Bruss GmbH DICHTUNGSTECHNIK
Finisklin Road,
Sligo

Tel 003537191564342 Fax: 00353719169352

b Errall annagarvev@bruss ie
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EXECUTIVE SUMMARY

This Air Emissions report presents results of emissions monitoring from emission point A2-05
at G Bruss GmbH, Finisklin Road, Sligo, County Sligo. Monitoring has been conducted to
satisfy the customer’s requirements in respect of the following parameters:

Emission Point Monitoring Parameters

A2-05 T.A. Luft Classes I, Il & 111
TOCas C

Propan-2-ol

Di-butyl Tin

Velocity and Temperature

Measurements were completed on 03 August 2017. Details of the monitoring methods
employed, Standard Reference Methods used and Guidance Notes consulted are presentedin
Section 4.0 of this report together with information on the equipment used and the monitoring

personnel.

Moni
molrut(:)rmg did not occur s:multaneoug@’.&x{bc concentration rises rapidly at commencement
of a batch but remain relatively coggt‘é:\{\&\hroughout the batch.

:

«’

&

o . o e e
Monitoring for VOCs was carried out at an emission poist located at a position pre-abatement
while |simultaneously at an emission point posg@@é’f}:ment system. The results for VOC
moni

-+

oring at both points are to be used to asseoségjeo effectiveness of the abatement system.
. YA .
toring for TOC as C was also con@%éé@at points pre- and post-abatement, however

O2
¢
5\.

&

&
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1.0

Scope

This Air Emissions report presents results of emissions monitoring from emission point
A2-05 at G Bruss GmbH, Finisklin Road, Sligo, County Sligo. Monitoring has been
conducted to satisfy the customer’s requirements in respect of the following parameters:

Téble 1-1 Scope of Monitoring Survey

Reporting period August 2017

EMISSION

SAMPLING METHOD AND
PARAMETER MEDIUM & ANALYSIS
METHODOLOGY

STANDARD REFERENCE

Point METHOD

>

Non-isokinetic /
Absorbent tube absorption /
Analysis by solvent desorption

followed by GC-MS or GC-FID

2-1(a) , Pitot tube coupled with pressure
TEMPERATURE measurement device or

PRESSURE nemomet dt at EN/ISO 16911-1:2013
VELOCITY, FLOW | 2nemometer, and temperature

measurement device ¢

Speciated VOC’s CEN/TS 13649:2014

2.0

2.1

é\)‘
‘Survey protocol SHS

Protocol

\\.o(\(\é\\
TMS Environment Ltd persont %nducted the monitoring survey on 03 August 2017.
Emissions to atmosphere fﬁ@r@ ¢ Emission Point, A2-05 were monitored during the

visit. «©
O

The survey was comgfieted in order to meet the requirements of the company’s IPPC
Licence (Reg. No. P0465-02)

Relevant Process conditions during the survey are summarized below.

T;ible 2-1: Operational information during testing

Emission

o . Date and time Details
monitoring point

Normal operation, Batch process,
03 August 2017 process lasts for periods of 7 - 9

13:50 to 15:30 mins, 2 batches monitored over 30
minute period.

A2-05

A Site Specific Protocol was prepared in accordance with EPA Air Guidance Note AG1
and CEN/TS 15675:2007 after a site review has been conducted with site personnel. A
site risk assessment was completed prior to commencement of any monitoring to
confirm that the monitoring could be carried out in a safe manner. All necessary PPE
was worn at all times on site.

G éruss GmbH Air Emissions Report August 2017
P0465-01 Ref. 24420, Page 4 of 23
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3.0

Monitoring Results

The results of the air emission monitoring reported in this document are presented in
tables below. The methods used are defined by Standard Operating Procedures (SOP),
each SOP has a unique number, details regarding each SOP are given in Part 2 of this
report. Specific parameters monitored in each TA Luft Class are detailed in the

Appendices.
3.1 Résults Sfor Emission Point A2-05, Pre Abatement Monitoring, 03 August 2017, 14:37
. to15:10
Emission Emission Mass
. Parameter .. Uncertainty | Units Emission Compliance
A ‘ limit value results
. kg/hr -
Di-Butyl Tin N/S <14 £028 | mgm®|  <0.001 N/A
. Laurate
VOC Screen 3
(incliding Xylene) N/S 666.5 +70 mg/m 0.41 N/A
\/lOC Total N/S 1493 +308 &mg/m3 0.931 N/A
Isopropyl Alcohol N/S 19.2 £3. 97 @ mg/m? 0.012 N/A
0‘ @
Vo;lume Flow N/S 624 09’7 m’/hr - N/A
{ &Vé)\?
| o°Q

3.2

Results for Emission Point A2-a,55” e Abatement TOC Monitoring, 03 August 2017,

14:41 10 15:11 & \\\0)
‘ Emission ‘\]ﬁiissnon Mass
. Parameter .. © Uncertainty | Units Emission Compliance
: limit valu@‘ results
N kg/hr
. TOCasC N/S 2306.9 +452 mg/m> 1.49 N/A

3.3 Results Jfor Emission Point A2-05, Post Abatement Monttormg, 03 August 2017, 14:37

to 15:10
‘ Emission | Emission Mass
| Parameter L Uncertainty | Units Emission Compliance
, limit value results
: kg/hr
| ‘Di-Butyl Tin N/S <137 +028 | mgm’ |  <0.001 N/A
Laurate
"VOC Screen 3
(including Xylene) N/S <0.68 +0.14 mg/m <0.001 N/A
"VOC Screen 3
(excluding targets) N/S <0.68 +0.14 mg/m <0.001 N/A
Isopropy! Alcohol N/S 3.6 +0.75 mg/m? 0.002 N/A
‘Volume Flow N/S 646 +37 m*/hr - N/A

G'Bruss GmbH
P0465-01

i§

Air Emissions Report August 2017
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3.4 Results for Emission Point A2-05, Post Abatement TOC Monitoring, 03 August 2017,

13:50 to 14:20
Emission | Emission Mass
Parameter A Uncertainty | Units Emission Compliance
limit value results
kg/hr
TOC as C N/S 3932 | £77.0 mg/m? 0.255 N/A
3.5 Reference Conditions for emission point A2-05
Reference Conditions for concentrations and volume flow as expressed as:
i' N
Temperature, K Pressure, kPa Oxygen % Moisture %
273 101.3 N/A Dry

3.6 ' Discussion of Results

Based|on a review of MSDS’s supplied by the Client a VOCccreen was run on the tubes used
during monitoring of both pre and post abatement moq@brmg locations. This VOC screen
specnﬁcally looked for concentrations of Di-butyl Tin urate, Xylene in TA Luft Class Il and
Iso oropyl Alcohol (IPA) in TA Luft Class 111 as weltias Aliphatic Hydrocarbons.

¢

\
An alySIS of the TOC as C data shows a ra @3' uz&rease in the concentration at the beginning of
a spray batch and then a relatively constg)‘t$l el until the end of the process. After completion

of the batch the TOC levels drop baq@@ﬁear ambient levels.
&, ~\*\

P N
The concentration of organics in thé’emissions after abatement is significantly lower than the

pre-abatement levels. Abatemegg&eff ciencies were calculated at 99.9% (VOC) and 81% ( IPA)
based on the survey results C}@{he % abatement efficiency based on the TOC readings (83%)
should be considered in the context that the pre- and post-abatement TOC measurements were
not:recorded simultaneously.

4.0 Supporting Information

4.1 Monitoring team information

Name Function Qualification
' o PgC Green Tech (2010) UCD Dublin

Enda Flc i  Scienti
“nda Flood Environmental Scientist « BAgSc (2008) UCD Dublin
G Bruss GmbH Air Emissions Report August 2017
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42 Substance(s) monitored, SOP’s and Standard Methods

 P0465-01

Substan Analvsi ISO 17025 Analysis
5 Ance SOP Standard Method naysis | Accreditation Date
Monitored by
Status
Speciated 16 Aug - 06
VOCs QP-SITE-2016 | EN 13649 SAL B Sept 2017
‘ 16 Aug - 06

\ P-SITE-2016 | EN 13649 AL

o s o > Sept 2017
TOC as C QP-SITE-2025 | EN 12619 TMS 03 Aug 2017
Velocity & EN  13284-1:2002/
Mo QP-SITE-2006 | EN/ISO 16911- | TMS A 03 Aug 2017
Temp 1:2013

Noté 1: lSO 17025 Accreditation Status: A — TMS accredited for Monitoring and Analysis, B - TMS accredited for
Monitoring, sub contract lab accredited for analysis; D TMS not accredited for monitoring as non-accredited analysis is carried
out by sub-contract lab

i
1

4.3, Equipment used and Quality checks

Equipment Equipment 1D
' M-S-E-20-7

M-S-E-20-4 | On-site per and post

Quality Check

Deluxe SKC Sampling pump M-S-E203 &° | calibration check
| MS-E-@)}@
C | . \QO{@S\
4.4] Reporting results (\Qo\&\}
} é’}@@(\é\
44.1 I Expression of test results \«\&\Q

Alljtest results are expressed to on&@@i}nal place lower than the Emission Limit Value (ELV),
while uncertainty of measuremen «esults are expressed to two decimal places lower than the
ELV e.g. where an ELV of 50@%/m applies, the reported result shall be reported to the first
decimal place e.g. 6.6mg/m’sWwith the uncertainty of measurement reported to two decimal
pla%f:es, e.g. £0.12mg/m°>.
{
4.!4.2 Reporting results less than the detection limit

If'asingle result is reported as being less than the limit of detection, the measurement result is
expressed using a less than “<” sign, e.g. <0.005 mg/Nm®. Where a number of parameter
results, found to be less than the limit of detection, are expressed as an overall parameter, these
results are calculated as per Section 3.3, Method 3 (Half the Limit of Detection) of the EPA
BREF Guidance on the General Principles of Monitoring. This percentage method provides an
estimation of the value of the measurement. It is reported without the less than “<” sign, e.g.
0.05 mg/Nm?>.

4.4.3  Uncertainty calculation
An estimation of the uncertainty of measurement is attached to all measurements. Measurement
uncertainties are based on calibration data and laboratory repeatability experiments. All uncertainties
are given at a 95% confidence, based on applying a coverage factor of k=2 to the combined uncertainties
for each measurement. The uncertainty of measurement associated with emissions monitoring are
provided in the Table below.

G'Bruss GmbH Air Emissions Report August 2017
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Table 4-1: Uncertainty of Measurement

E d
Estimated Combined xPal,l ed
Parameter Source of uncertain ncertain uncertainty %
ara uncertainty o ity | unc o nty (95% confidence
’ ¢ level)
Oxygen Analyser 6
‘Toc | Temperature 0.5 9.80 20%
‘ Analyser
; FID 5
Velocity 2
x‘ CSA 1
' VOC Stack Pressure 2 10.32 21%
f{ Stack Temperature 2
i Analysis 5
ﬁ Velocity 2
i Stack Temperature 0.5
Volume
i Stack Pressure 0.5 2.9 5.81%
. Flow
0)) 1 &
i ®°
?f NS
- O@Z:@é\
f SN
N
N
&
RO
L
<<O\ \\'\\0)
, &
! X
QOQ@Q
G Bruss GmbH Air Emissions Report August 2017
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Appendix 1: Emission Point A2-05 Pre- and Post Abatement Points

Appendix1:1 — Stack Diagram

Sampling
Pore.
L
|
| ‘Sampling <=3
Plane
.
'\0@‘
&8
S
S
H
&
. Q& \O
t QO\\ \\ég\
| QOQ\\
RS
: : &
Stack Diameter ® 0.36
Stack Cross Sectional Area 0.10
Number of Ports 1
Number of sampling planes 1
Number of Sampling points per line 1
Power supply available 110 supply
Shelter at platform Yes
G Bruss GmbH Air Emissions Report August 2017
P0465-01 : Ref. 24420, Page 9 of 23
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Appendix 1:2 - Stack Measurements Pre Abatement VOC Run

Reference method

EN 13649

Sampling date

03 August 2017

Sampling time

14:37 t0 15:10

Sampling technique

Flue gas sampling system

SKC pumps with Tygon tubing low flow
tube holder

Oxygen measurement technique

N/A

Material

Sampling material

Charcoal tubes

!

¥

Sampling conditions

0.5 per tube

o Average sampling flow rate [I/min]
‘ Total sampling time [min]

33

Sampled volume of the dry gas at STP [m’]

0.015

Average flue gas temp temperature [°C]

29.7

Reference conditions

Actual conditions

+ Moisture [%] | Dry

Moisture [%] | Dry

. Temperature [K] | 273

Temperature [K] | 303

Pressure [kPa] | 101.3

Pressure [kPa] | 99.10

Oxygen [%] | N/A

N 1O Oxygen [%] | N/A

'Deviation from isokinetic conditions [%] .

O

Deviation from reference method <
S Q
f S X

&|éThere was no deviation from reference

method.

G Bruss GmbH
P0465-01
b
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Appendi‘xv 1:3 - Stack Measurements Pre Abatement TOC Run

Reference method

EN 12619

Sampling date

03 August 2017

Sampling time

14:41 to 15:11

Sampling technique

TOC | Flame ionisation detection
Material
. Sampling probe material | SS, PTFE
! Fuel | Hydrogen

Span calibration gas

Propane 90.0 ppm

Zero calibration gas

Ambient air after passing charcoal filter

Span gas drift [% of the range]

<2

Zero gas drift [% of the range]

<2

Sampling conditions

|

‘ Duct diameter [m]

0.36

b
4

Number of sampling ports

1

Number of sampling lines

Single point sampling

Heated line temperature [°C]

180

Number of sampling points per line

] ,Q}.

Average flue gas velocity [m/s]

1.93 4

Average flue gas temp temperature [°C] |

Sampling conditions S

Conditions

Sampling plane

Moisture Q\*\‘Qﬁry

2.92

Temperature [K]

303

| Pressure [kPa] | .

99.60

T

Oxygen [%] | <O & N/A

N/A

Deéviation from reference methed”

There was no deviation from reference method

&

i

G Bruss GmbH
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0
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Appendix 1:4 - Stack Measurements Post Abatement VOC Run

Reference method

EN 13649

Sampling date

03 August 2017

i

Sampling time

14:37 t0 15:10

Sampling technique

Flue gas sampling system

SKC pumps with Tygon tubing low flow
tube holder

Oxygen measurement technique

N/A

Material

: Sampling material

Charcoal tubes

i

Sampling conditions

L

! Average sampling flow rate [I/min] | 0.5 per tube
Total sampling time [min] | 33
Sampled volume of the dry gas at STP [m?®] | 0.015
Average flue gas temp temperature [°C] | 21

Reference conditions

Actual conditions

. - Moisture [%] | Dry Moisture [%] | Dry

' Temperature [K] | 273 Temperature [K] | 294
Pressure [kPa] | 101.3 P@?gure [kPa] | 99.90

Oxygen [%] | N/A .S Oxygen [%] | N/A

i Deviation from isokinetic conditions [%]

SNA

Deviation from reference method &
: : LN
A

“There was no deviation from reference
method.

S &
QRS
S
NN
<<O\ \\'\\0)
. s\QQQ
\O
&

&

i
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Appendix 1:5 - Stack Measurements Post Abatement TOC Run

Reference method

EN 12619

Sampling date

03 August 2017

_Sampling time

13:50-14:20

Sampling technique
' TOC

Flame ionisation detection

Material

Sampling probe material

SS, PTFE

Fuel

Hydrogen

| Span calibration gas

Propane 90.0 ppm

N Zero calibration gas

Ambient air after passing charcoal filter

Span gas drift [% of the range]

<2

Zero gas drift [% of the range]

<2

Sampling conditions

0.36

s Duct diameter [m]
i Number of sampling ports

1

Number of sampling lines

Single point sampling

Heated line temperature [°C]

180

Number of sampling points per line

l &.

Average flue gas velocity [m/s]

1.93 &>

- Average flue gas temp temperature [°C]

Sampling conditions 8

4 Conditions

Sampling plane

i Moisture Q. Dry 2.92

Temperature [K] AP 273

293

Pressure [kPa] | - &9\(\\

99.60

¥ Oxygen [%] [0~ N/A N/A

Deviation from reference meth,@ﬁ)

There was no deviation from réference method

<

G Bruss. GmbH
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Appendix 1:6 — Equipment Calibration

Equipment | Calibration Reading Reading Reading
Instrument D Parameter before post pOSf
‘ Calibration | Calibration sampling
SKC Pump | M-S-E-20-7 | Volume Flow | 500 ml/min | 500 ml/min | 500 ml/min
SKC Pump | M-S-E-20-4 | Volume Flow | 500 ml/min | 500 ml/min | 500 ml/min
SKC Pump | M-S-E-20-3 | Volume Flow | 500 ml/min | 500 ml/min | 500 ml/min
SKC Pump | M-S-E-20-6 | Volume Flow | 500 ml/min | 500 mi/min | 500 ml/min
Appendix 1:7 Parameter results
"L Parameter unit f;‘l‘:l?kf 24420-5 | 244208 fg‘l‘::;;’ 24420-6 | 24420-9
Iso propyl Alcohol png <5 280 53 - -
Ditbutyl Tin ng NA NA NA <20 <20 <20
Appendix 1:8 Parameter results
‘ P . 24420-1 244204 244207
i arameter unit (Blank) Pre-Abatement Absﬂ(e)f:lent
VOC{S Screen excluding targets hg <10_ 12,000 8
V.OCSE including targets 1g §x“ﬁ/ 9730 <10
Octanf,e, Z-hwethyl ne \OY\\QND 880 ND
”Heptaline 3-ethyl-2-methyl '@y \{&\j ND 1000 ND
Ethyl benzene e ND 1600 ND
Nbnate O g ND 1200 ND
M -/p- xylene ,;’;\\o {\é\ 1g ND 1300 ND
‘I-ethy,l-4-methyl cyclohexane - Q&:’\\@ ne ND 810 ND
o-xyléne Qo\n\\.\\\b he ND 1300 ND
Plopylcyclohexane (‘\\(’0 he ND 400 ND
‘Cyclohexane, 1-ethy-2,3 dimethyl oé"\\ he ND 680 ND
Branched benzene (C10) QO\ ng ND 530 ND

Noi significant peaks detected in VOC screen, screen included analysis for Xylene and

Ali;‘phatic hydrocarbons.

G Bruss GmbH
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‘ Appendix 11
Calibration Certificates
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Certificate of Calibration

v Certificate
Date of issue: _20-Apr-17 Number N 022121 )
Chell Instruments Ltd Gas
Folgate House
Folgate Road Pressure Page 1 of 8 pages
North Walsham Vacuum |
NR28 OAJ & Flow Approved Signatory
‘England
Name []P.C.A. Marks []J. Shanaha \
‘Teleppone 01692 502003 direct line “J. Kerrison P /
Fax | 01692 500088 Signature e
e-mail, pcm@chell co.uk e
web site www chell.co.uk ’ ‘
ICUSTOMER DETAILS
’ : : Name: TMS Environment - Ireland
oy !
[ Address: 53 Broomhill Drive :
Co r Tallaght, Dublin 24 & !
| t jreland Q’Q\“‘ i
. Purchase order No.: PO D-17-8891 O\\\ ,5*\ ‘
i ; : ' Gg% O ;
] o Chell Job No.: 25238 & i
I S S
P i : ! : . .
'UNIT UNDER TEST DETAILS @0‘\@* -
N 3 L So”
] * Manufacturer: Tecgéar\:\@??
{ ] ; ‘ Q
§ ‘Model & description: lsog.t%ck G4.1.8mc Sampler
. X

b f Serial / 1.D. N‘%‘b\ 1420244P (M-S-E-1-1),
i : Ranges calibrated: DGM Qmax 3.6m3/Hr (60 I/min), Electical simulation K type thermocouple
: { ‘ f; ‘ om & pitot DP transducers. 0 to 2500 Pa, om & pitot absolute pressure,
CALI?RATIpN DETAILS 12 to 60 I/min mass flow orifice metef. DGM single point temperature check.
: # .
{ ‘ i Laboratory conditions: 20 °C +1°C  30%RH + 20%RH
+
l
|

Standards & equipment used: STD0043, STD0011A, STD0042, STD0O047A, STDO051B, STD0050, STDO016

Calibration completed: 20-Apr-17

'Engineers note: The instrument was received with no obvious signs of major damage or contamination.

. The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor k=2, providing a leve! ot .
conf‘ dence of approximately 95%. The uncertainty evaluation has been carried out in accordance with UKAS requirements.

‘The uncertgirity is true at the time obseivations were recorded and is not indicative of the instruments’ ability to retain the
.calibrated value(s) with time.

UKAS is oné of the signatories to the Multilateral Agreement of the European co-operative for Accreditation (EA) for the mutual
'recognmon of cahbratlon certificates issued by accredited laboratories.

. This cemfgvca;ells issued in accordance with the laboratory acc;r_edltatgon »requlr_emeﬂnts of UKAS, It provides traceébility of‘r_neasur,ement to the SI
isystem{of units:and/or to units of measurement realised at the National Physical Laboratory or other recognised national metrology institutes.
This-certificate imay not'be reproduced other than in full, except with the prior written permission of the issuing laboratory.

|

Temptaté rumber: (Mathod 5 lemplata)
i
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‘The UUT was calibrated using a PPC3 Pressure Calibrator/Controller in gauge mode of operation.
For differential pitot channel calibration the test pressures were applied to the + test port on the front of the

Al

instrument. Calibration of the OM (orifice meter) differential pressure was performed by applying test pressures

to the test hoses at the internal orific meter tappings, observing the direction of flow.

Reference (low) ports of the differential sensors were maintained at ambient pressure and were pressure
cycled and leak checked. Readings were taken from the Sensor list of the 'Check test' sub menu.

g Sta_n‘dard
' pregsure
Ra

0.0

‘ 10000
i 1500 0

2500 0
2000 0.
f 1500 0
1000 0

0

|+
i

¥
'
{
I
i
i

5000 '

2000 0

Pitot differential

. 5000

20 1

" Deviation Pa

. =30 -

.
#
i
1
i
t

i

Differential pressure, as found

]
3

- UuT
indication Deviation
Pa Pa
0 0
500 0
, 1001 1
1502 2
2001 1
2494 -6
i 2001 1
1 1504 4
1001 1
500 0
0 0

Uncertalnty of applied pressure;
UUT repeatability +:

10 A

=20 A

Template fwinbér; (Method 5 template)

‘ The St unit of pressure (Pa) is realised using a conversion factor of:

1

Orifice (om) flow meter differential

Measurement  Standard

uuT Measurement
uncertainty  pressure indication  Deviation uncertainty
Pa Pa Pa & Pa Pa
S
5

15 0.0 &6 0 1.8
15 500.0 Q@ £ 502 2 1.8
1.5 1000,0° « 1001 1 1.8
1.5 15 Q& 1498 -2 1.8
1.5 ) 2000 0 1.8
15 500.0 2502 2 1.8
1.5 000.0 2001 1 1.8
1. 5&‘\5}0 1500.0 1501 1 1.8
185 1000.0 1000 0 1.8
1‘559 500.0 502 2 1.8

@&.5 0.0 0 0 1.8

&

QO

0.0031 % + 0.76 Pa

0.65 Pa
6~ Pitot
. - om
3000
Pressure Pa

Calibrated By:

4

et
57 s U
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Certificate
Number

N 022121

Page 3 of 8 Pages

The thermocouple of each channel was connected to a precision electrical thermocouple simulator using K

type thermocouple wire and connectors.

jThe following sequence of simulatéd temperatures were applied and the resulting indications recorded.

The UUT had previously been powered-up for a minimum of 30 minutes prior to calibration.

‘Results: . Electrical thermocouple simulation
P Standard Fumes Aux 1 Aux 2 Probe
; ; temperature  channel channel channel channel
; l OC OC OC OC OC
: ; - 0.0 0.5 0.4 0.1 0.1
Lo : '+ 240.0 239.8 239.8 239.2 239.6
) f , | 480.0 480.1 480.1 479.5 480.0
cob L 720.0 721.0 720.8 720.3 7208
A 960.0 961.1 961.0 960.4 9600
o 1200.0 1200.6 1200.5 1199.9 $200.4
L L 0.0 0.5 0.4 04 S 01

f ¢ O\O\

; ¥ F &

L
! Uncertainty of measurement: QQ%@%} °C

1 >
'Results: DGM ambient temperature probe %\lﬁdgﬁ
" )
A cahorated temperature probe was placed in 3(@33

,stablllse at ambtent temperatrue before recor@n(g the foliowing data.

Box
channel
°C

0.1
239.5
479.9
720.7
960.7
1200.1
0.0

thermal contact with the UUT 'meter’ probe and allowed to

0@0
o .
Standard measured?emperature 21.89 °C
| UUT meter temperature: 22.10 °C
¢
L Ambi‘e‘nt temperature comparison uncertainty: 0.30 °C
{
‘ 15.0 —&o—Fumes -
‘ uewenm T =¥ Probe
10.0 - PP —¥%— Box
UL —~0—Aux 1 ,

| o 5.0 4 OIS o —+—Aux2
: <
. o .
: '(a“ = > __________‘
i 3 Te-200 400 600 800 1000 1200 1400
1 ‘0 R
3 i 5.0 R
P | Tl
: -10.0 Tl ..
} -15.0 o
’ ) Applied °C 7
5 : e

h P ..’,7.-
i A gl o Pt

; =" —

: Calibrated By: /Z R a

Template r"\:wnbér’. (Melho’d 5 template)

i
' 4
X
I ‘

13
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"The UUT was calibrated using a PPC3 Pressure Calibrator/Controller in absolute mode of operation.

‘The test gas used was dry filtered air.

‘Test pressures w‘efe applied directly to the the internal absolute pressure sensors in isolation of the differential

to calibrati;‘m‘. Readings were taken whilst system was in run mode.

sensors in.ofder to avoid overpressure damage. The sensors were pressure cycled and leak checked prior

IResul',ts: As found  (no adjustment required) UUT full scale: 105 kPa
f i -
‘Absolute Pressure
| Pressure unit conversion factor (kPa) : 1
] Standard Abs Abs Abs - Abs
L ‘applied Pitot pitot OM oM Measurement
S i pressure (duct p) deviation (P Iinega‘ deviation uncertainty
j : kPa kPa kPa k%\a> kPa kPa
P | &
Do * 21.000 21.03 0.03 @-,@21.00 0.00 0.013
L) 142.000 42.03 0.03 09?0 O 42.02 0.02 0.013
Vo 63,000 63.07 0.07 $ ‘\@é 63.08 0.08 0.014
b 184,000 84.08 0.08 Q\‘J*é&" 84.13 10.13 0.015
v 105.000 104.95 -0.05 Qo“(\@* 104,91 "-0.09 0.016
b { 184.000 84.08 0.08 & 84.13 0.13 0.015
: 63.000 63.07 0,07,\\0,\&\‘ 63.08 0.08 0.014
| . 42.000 42.03 O.%QQA* 42.01 0.01 0.013
t  21.000 21.03 O.O\CPO 21.00 0.00 0.013
O
| &
; ' c®
? Uncertainty of applied pressure:  0.0029 % + 0.0039 kPa
- UUT resolution: 0.01 kPa
, "~ UUT repeatability:  0.001 kPa
2.00 - ~—0— Abs Pitot
- —{3— Abs OM
1801 e
100] e
§ 0.50.:
£ 0.00 it N i e —
s 2 30 40 50 60 70 80 90 100 110
0-0.59 1
a0 T
A501 T e 7
) /"',,f"
200 Pressure kPa — :’,7 J/, d
}g Calibrated By: Fm

4
T mplatehuimber: {Method 5 tamplate)

i
’
|
_E
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Method:

j
i
£

[

!

4
H

|

L

Reference conditions (STP)

| ' Standard temperature:
Standard referencé pressure:

Equivalent
flow (Qv)

Ymin

0.000
12.567
25203
37.456
49.234
60.565
49.314
37.481
25.237
12.801

0.000

273 K
1013  kPa
uuT Deviation UUTe
(act f) from std (stey
tVmin % min
el
0.00 é? 0.00
1262 04 &> 11.97
2592 5 285 24.59
38.63 &Q’Q V314 36.65
51.4 \i\&‘ 4.42 48.78
640430 574 60.76
5158% 5.04 49.14
%§ 4.24 37.07
525,89 2.59 24.56
13.02 1.71 12.35
0.00 n/a 0.00

‘Results: . | As found flow rate (orifice meter)
s }

MS€-1-1 LI dpr - EF
Certificate )
Number N 022121

Page  5of 8 Pages

The instrument orifice meter was calibrated using a series of precisioh sonic nozzles located

upstream of the UUT gas inlet port. UUT measurements were recorded from page 1 of flux test in 'Flowrate'
mode of operation. The absolute pressure was measured at the downstreami tapping of the orifice meter and- the
temperature was measured at the outlet of the internal dry gas meter and used to caiculate the true volumetric
flow rate of dry air at the DGM. ‘

‘Normahsed' mass flow units are referenced to a standard temperature and pressure shown
below (0°C & 101.325kPa).

Deviation Measurement
from std Uncertainty
% %

n/a n/a
0.68 6.8
2.56 5.2
1.77 4.6
1.65 5.2
1.28 3.3
2.26 52
2.86 4.6
2.23 52
1.96 6.8
nia nla

)UUT : Standard
fgxll i" flow (Qm)
scale . n Nllmln
0 +0.000
20 111,889
40 | 23976
60 .| 136,014
80 147,987
100 159.991
80 © 48.055
80 . 36.039
40 24.024
20 12.113
0 - 0.000
6.00 -
4.00 +
2 2.00 1
o )
x
S 0.00
o )
> R
8-2.00 {
14,00 1

6.00 |

p

Tﬁmplalethmber: (Method 5 template)
)

Flow Vmin

Calibrated By:

70

- - -N019983
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Certificate of Calibration

UKAS Accredited Calibration Laboratory No. 0687

Method:

. below (0°C & 101.325kPa).

b
Do j
o

1

{
1

| |  Standard reference pressure:

% of UUT! Standard Equivalent

273 K

Reference conditions (STP)
Standard temperature:

101.3 kPa

'Results: | AS Iéft flow rate (orifice meter)

UuT,
(stg\i\)‘%a

min

0.00
11.97
24.07
35.75
47.92
60.19
47.99
35.72
23.92
11.98
0.00

Certificate

Number N 022'1 21

Page

6 of 8 Pages

. The instrument orifice meter was calibrated using a series of prec_ision sonic nozzles located

~upstream of the UUT gas inlet port. UUT measurements were recorded from page 1 of flux test in 'Flowrate'
mode of operation. The absolute pressure was measured at the downstream tapping of the orifice meter and the

* temperature was measured at the outlet of the internal dry gas meter and used to calculate the true volumetric

. flow rate of dry air’at the DGM.

: 'Norr’haliséd" mass flow units are referenced to a standard temperature and pressure shown

Deviation
from std
%

n/a
+0.80
0.20
-0.79
-0.17
0.29
-0.07
-0.60
-0.40
-0.07

n/a

Measurement
Uncertainty
%

n/a
36

3.6
2.8

2.4
2.6
1.8
1.5
n/a

—0— Qv
—&—Qm

' ! uuTt Deviation
ful " flow (Qm)  flow (Qv) (actf) from std
scale - . NUVmin I/min [Ymin %
i 3 . *
I 0@30,\ &
0 0000 0.000 0.00 ngé??@é
20 | 12067 12770 1261
40 . 24.023 25.261 2537 & 943
60 . 36.035 37.521 3769 & 045
80 | 48001 49.296 50.5287 ™ 248
100 | 60015 60.643 6346 4.64
80 . 48022 49.311 50,58 2.59
60 . 35.937 37.3% 166 0.70
40 24015 265243 (92522 -0.09
200 1 11.988 12682 © 1263 -0.41
0 . 0:000 0.000 0.00 n/a
6.00 1
4.00 -
9 3.00 A
x
X 2.00
<. &
% "B 1.00
: 3
© .00
: -1,00 -
!
‘ : ;200 Flow Ymin
: Calibrated By:

j’emplatze Aumber: (Method 5 template)
i i :

i »
!

70
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Method Statement:

'

Test flows were set up using a gas regulator upstream of the DGM internal inlet port via a set of precision
. sonic nozzles upstream of the DGM.

3 The s:tand'{ard flow rate was recorded at the start and end of each measurement.
UuT ﬁweaéureme‘nts were recorded from page 2 of flux test in 'Flowrate' mode of operation.

The gas temperature and barometric pressure were meastired at the outlet port of the meter under test,

to enable the calculation of the true volumetric flow rate. All volumetric flow units assume the test gas

i(dry flgtereg air) obéys the ideal gas law. Back-pressure and viscosity effects were not corrected for.

i % .

‘The meter totalizer timing method is traceable to the UK off-air frequency standard. -

‘The meter.was mounted vertically with the test ports facing upwards.

¢ ( N .

‘The quoted measurement unceitainty includes contributions from the UUT such as resolution, repeatability as
'weII as applled flow rate and pressure, temperature and time measurements taken during the calibration.

; Thfe UUT units of volume are: litres

- The UUT resolution is: 0.001 litres \Q@\é}
Results: ' ! As Received S Qg*\
P ! ! f? 5\0\
] ; Standard Total Ugﬁg?
Lo : flow rate volume Deviation
, ‘ l{ S lulh passed ple from standard
o | litres ég‘?*c’o@ itres % Rdg
o R\
- ! S
; 12750 51.5104 Cd 51424 -0.17
f . 25473 102.0432 6\0 101.518 -0.51
j : . 38:207 154.3192 (g}‘ 1563.435 -0.57
o 50785 2037996 202.003 -0.88
-1, 63868 25654364 252.067 -1.32
0D 50808 224.7125 222.855 -0.83
1 38.11 00 163.2752 152.141 -0.74
§ 26.499  106.0510 105.619 -0.41
12.775 51.0998 50.978 -0.24
' Uncertainty of measurement: 063 %
1.00 - —0— As Received
o -« - - -NO18373
0.50 - .
. [
0.00
£ oo
2 -0.50 -
'®
[s]
.100 4
+1.50 |
2,00 4

Flow Rate I/min

: Calibrated By:
Template numbev {Method 5 tempiata)
’ !s
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 Method Statement:

~ Test flows were set up using a gas regulator upstream of the DGM intérnal inlet port via a set of precision

. sonic nozzles upstream of the DGM.

The standard flow rate was recorded at the start and end of each measurement.

UUT measurements were recorded from page 2 of flux test in 'Flowrate' mode of operation.

. The gas témperature and barometric pressure were measured at the-outlet port of the meter under test,

to enable the calcllation of the true volumetric flow rate. All volumetric flow units assume the test gas

~ (dry filtered air) obeys the ideal gas law. Back-pressure and viscosity effects were not corrected for.

The meter totalizer timing method is traceable to the UK off-air frequency standard.
The meter was mo_unted vertically with the test ports facing upwards.

The quoted measurement uncertainty includes contributions from the UUT such as resolution, repeatability as
well as applied flow rate and pressure, temperature and time measurements taken during the calibration.

"DGM corectio‘n factor adusted within ‘calibration' sub-menu prior to recording the following results..

The UUT units of volume are: litres

‘ The UUT resolution is: 0.001 litre Q,}\\f?
! ' N
Results: After-adjustment &\\O\ q@
Standard  Total é’ﬁ >
flow rate volume Deviation
min passed pIe from standard
. litre & §ntre % Rdg
& &’\\
o 12.773 51.2085 & \\*\ 51.506 0.58
P 25399 102.1798 \o 102.454 0.27
P 38.217 153.6319 O 153.678 0.03
50.854 203.1616 O\"’Sé\ 202-.998 -0.08
63.591 262.3768 © 261.459 -0.35
50.721 272.7252 272.803 0.03
38.065 163.1753 153.161 -0.01
25.459 104.1519 104.503 0.34
12,763 51.7555 52.033 0.54
Uncertainty of measurement: 063 %

1.00 1
0.80
0.60 -
0.40
0.20 -
0.00 ,
02090 10.0

70.0

Deviation %

-0.40
.060 4
-0.80 -
.1,0_0 J

Flow Rate /min Pl

oo Calibrated By: e

v

i H |
Template r_;umbor. {Meihod 5 template)
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