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‘ 1.1 Monitoring Objectives

Mr Mark Rose of Nationwide Craft Repair Centre, requested CPL Laboratories to monitor
emissions to air from Spray Booth 1.

The monitoring was carried out on the 10th January 2006, to determine compliance with specified
emission limits. The substances requested for monitoring at each emission point are listed below.

‘ Substances Emission Point Identification
| To be
Monitored Spray Booth 1

' Total particulate matter (TPM)

Special Requirements: None

Nationwide Crash Repair Centre, Coventry; 2006; Report 06/007 A (Spray Booth 1) Part 1. Page 4 of 6




12 Monitoring Results

Emission point reference

Spray Booth 1

Substance to be monitored

Total particulate matter (TPM)

Emission limit value mg/m’ 10
Periodic monitoring results <0.46
mg/m’ 0.46
Uncertainty % 400
400
Monitoring Method reference ISO 9096: 2003
Accreditation for use of method UKAS
MCERTS
Date of sampling 10/01/06
Start & end times 12:02 -12:34
14:55 - 15:25
Reference conditions 273K, No correction for oxygen or moisture
101.3kPa
Operating status Normal
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1.3 Operating Information

This process involves the paint spraying of automobiles within confined booths and extraction through a filter

unit before outlet to air.

Emission point reference

Spray Booth 1

Date 10/01/06
Process type Panel Spraying
Process duration Approximately 30 to 60 mins
Fuel Not Applicable
Feedstock Paints
Abatement Filters
Load Automobiles
Comparison with Operator
CEMs
Operator CEMs Not Applicable
Particulate matter mg/m’
Particulate matter mg/m’ <0.46
Periodic monitoring results 0.46

1.4 Monitoring Deviations

Emission point reference

Spray Booth 1

Substance deviations

None

Monitoring deviations

Note 1

Note 2

Note 3

Note 4

Note 5

Other relevant issues

Note 6

Note 7

Note 8

Z
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Nozzle diameter less than 6mm
Negative duct gas flows
Differential pressure at pitot tube less than 5 Pa

Ratio of maximum to minimum duct gas velocities greater than 3:1
Duct gas flow with regard to duct access greater than 15°
Less than 2 duct diameters straight length after the sampling plane
Less than 5 duct diameters straight length before the emission point
Weighing uncertainties greater than 5% of the LV
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2 Part 2: Supporting Information

2.1 Appendix 1: General Information

2.1.1 Monitoring organisation staff details

WithTE 1, 2,3, 4

Sampling Team Members
Name MCert Status MCert Registration No. | Responsibility
C M Greenaway Level 2 MM 02 048 Team Leader

D Martschenko

Technician

2.1.2 Monitoring organisation method details

Pollutant

Measurement Method

No. tests / blanks

Total Particulate Matter
(TPM)

ST6 ISO 9096: 2003

241

2.1.3 Monitoring organisation equipment checklist

| 06/007 | CL-081
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2.2 Appendix 2

2.2.1 Diagram of Sampling Location and Position
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2.2.2 Flow criteria and gas measurements

CPL LABORATORIES MONITORING REPORT FORM
PITOT TRAVERSE (ROUND DUCT)
Company Nationwide Crash Repair Centre Date " 10-Jan-06 ||

Site Coventry Test Ref " FL1 "
Sample point Booth 1 TimeStart || 10:30 ||

Test carried out by D Martschenko, C Greenaway Time End Il 10:34 ||

DUCT CONDITIONS

Diameter traversed by sampling probe (D) m 0.76“
Cross sectional area of sampling plane (A) m’ 0.454“

MOLECULAR WEIGHT & DENSITY DETERMINATION

Duct gas conditions

Ambient temperature g2 8 “

Duct static gas pressure kPa 0.03
Average duct gas temperature (Tduct) g9 23
Barometric pressure kPa 101.6 u

Calculation of molecular weight from gas composition

Vol% Dry Mol Wt Wet Mol Wt |
Wet gas g/gmole g/gmole
0.0 0.0 0.0
[ o 20.9 20.8 6.7 6.7
[ co 0.0 0.0 0.0 0.0
N, 79.1 78.7 22.1 22.0
H,0 il 0 | 0.1
|_ Total 28.8 288 |

Calculation of dry and wet gas density from molecular weight results

"Dry density kg/m’ 1.29 At STP

[[Wet density kg/m® 129 |(0°C & 101.3 kPa)
Dry density kg/m’ 1.19 At Duct Conditions
Wet density (p,) kg/m’ 1.19 (see above)
Wet specific gravity (sg) 0.994 J
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PITOT TRAVERSE

Details of measurement equipment and supplementary measurements

Pitot type ('L' or 'S’ type) L
Pitot calibration factor 1.001
Pitot No. PT14
Manometer No. M17
Thermocouple No. TC44
Stopwatch No. SW18
Barometer No. BM4
Tape measure No. TM21
Angle of gas flow less than 15°? Yes
Measurements and calculation of duct gas velocity
Traverse Port Distance from inside Differential Temperature Gas
Point wall of duct Pressure (Ty) vh Velocity
(fraction of D) (h) (Vy)
Pa e m/'s
1 A 0.05 177 23 13.3 17.3
2 A 0.15 -15 23 0.0 -5.0
3 A 0.25 153 23 12.4 16.1
4 A 0.35 165 23 12.8 16.7
5 A 0.45 174 24 13.2 17.2
6 A 0.55 165 24 12.8 16.7
7 A 0.65 27 23 5.2 6.7
8 A 0.75 27 23 532 6.7
9 A 0.85 -3 22 0.0 -2.2
10 A 0.95 9 23 3.0 3.9
11 B 0.05 17 23 4.1 5.4
12 B 0.15 20 23 4.5 5.8
13 B 0.25 -20 23 0.0 -5.8
14 B 0.35 0 23 0.0 0.0
15 B 0.45 17 23 4.1 5.4
16 B 0.55 -5 24 0.0 -2.9
17 B 0.65 8 24 2.8 3.7
18 B 0.75 23 23 4.8 6.2
19 B 0.85 197 23 14.0 18.2
20 B 0.95 192 22 13.9 18.0
HDuct TDucl ‘JhDuct (V)
[Averages 66.4 23 6.3 7.40

NOTE: Minimum pitot static reading less than 5 Pa (BS 3405:1983 Clause 6.3.2)
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CALCULATION OF VELOCITY & FLOW RATE

Voua =Ky x (1-€) x \'2/p, x Vh (Reference BS 1042:Section 2.1:1983, pages 8&9)

where Lo gas velocity at sampling point (m/s)
Ky = pitot calibration factor (dimensionless)
l-e= compressibility correction (assumed constant at 0.995)
Pa= wet gas density under duct conditions (kg/m")
h= differential pressure (Pa)
Average gas velocity (Vpuci) = s,zlmls
Average volume flowrate (Qp,.) = Viucta X A

= 3,7Im3/ s

Conversion of actual duct gas flow to reference conditions

"Actual Duct Flow Conditions Reference Conditions
Average temperature (Tp,.) C 23 Temperature (Tgt_f) °C 0
Total pressure (Pp,) kPa 101.6 Pressure (Pr.) kPa 101.3
l[0xygen (Ozpue) % voldry| 209 |Oxygen (Ope) % vol, dry| 209
"Water vapour (H;Opyq) % vol 0.4 Water vapour (H;Og,p) % vol 0.4
Calculation of gas flowrate at STP, Qgrp
Qs1p = Qouer X (273 x Py /(1013 x (273 + Ty, e))]
3
T W = 3.4fm’/s
Calculation of gas flow at reference conditions, Qg
Corrections
Qger = Qpuct X [273 + Tred/1273 + Tpual Temperature
Pouct/Pres Pressure

[100-H,0p,l/[100-H,0
[20.9-051,,1/[20.9-Os]

QRef = 3,4|m’fs

Water vapour
Oxygen
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2.2.3 Water vapour measurements

CPL LABORATORIES MONITORING REPORT FORM
WATER VAPOUR (GRAVIMETRIC TECHNIQUE)

Company Nationwide Crash Repair Centre Date 10-Jan-06
Site Coventry Test Ref H,0 1,2
Sample point Booth 1 Prepared D Martschenko
Test carried out by D Martschenko, C Greenaway Checked G. Carroll
SAMPLING TIMES
I Determination 1 2 “
[[Time Start 12:02 14:55 |l
|[rime End 12:34 1525 |
SAMPLING CONDITIONS
“ﬁermination . 1 2
|lGas meter temperature (T ) C 9 10
Atmospheric pressure (Pym) kPa 101.7 101.5
Final meter reading m’| 218.468 218.696
Initial meter reading m’| 218.284 218.469
Gas meter calibration factor 1.000 0.983
olume of gas sampled (VGyeier) 1 184.3 222.7
SAMPLE TUBE WEIGHTS
“ﬁtermination 1 2
“ Tube
[[Final weight (M) o 140.6 142.0
[linitial weight (V) o 1405 140.6
[[Weight gain (M-M;; = M) gl 0.1 1.4

Sample gas volume at STP, VGgrp
VGerp = VGmeter X (273 X P)/(101.3 X 273 + Toerer))

Determination 1 2 I
Volume of gas sampled (VGgrp) L, STP| 1790 2157 ||

Calculation of water vapour content in duct gas, C,

C, (% vol) = 100 x (M, x MVptMWypa0)+(VGsre + (M, x MVgrp +MWi430))

where M Vqp is the ideal gas molecular volume at STP (i.e. 22.412 m’/kgmole)
MW,y is the molecular weight of water (i.e. 18 kg/kgmole)

WATER VAPOUR MEASUREMENTS

[Determination 1 2
Water vapour content %o,vol 0.1 0.8
||Mean water vapour content %o,vol 0.4
Water vapour concentration kg/m’|  0.001 0.007
||Mean water vapour concentration kg/m" 0.004
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2.24 Sampling measurements

CPL LABORATORIES MONITORING REPORT FORM

TOTAL PARTICULATE

Company Nationwide Crash Repair Centre Date 10-Jan-06
Site Coventry Test Ref TE1
Sample point Booth 1 Time Start 12:02
Test carried out by D Martschenko, C Greenaway Time End 12:34

Duct conditions

Dimension traversed by sampling probe (D) m 0.76

4

|Cross sectional area of sampling plane (A) m 0.454|

Duct gas conditions

Ambient temperature (T ;) e 9

Average duct gas temperature (T py) C 25

Duct static gas pressure (P siic) kPa 0.03
Barometric pressure (P g,,) kPa 101.7
Duct gas volume flowrate (@ ref. conditions (Q ger) m'/s 342
|Gas compressibility correction ( €) 0.995
(Wet gas specific gravity (sg) 0.99

Reference conditions

Actual Duct Flow Conditions Reference Conditions

Average temperature (T p,.) e 25 Temperature (T g) ‘C 0
Total pressure (Ppu) kPa 101.7  |Pressure (Pygy) kPa 101.3
Oxygen (O pyq) % vol,dry 20.9 Oxygen (O yge) % vol, dry 20.9
'Water vapou: (H;0pua) % vol 0.1 Water vapour (H,O0g) % vol 0.1

Sampling conditions

Nozzle diameter (d) mm 6.0

Initial gas meter reading m’|  218.284

Final gas meter reading m’|  218.468
|Bs meter factor 1.000
[[Sampled volume (SV yyeier) m|  0.184

Calculation of sample gas volume at reference conditions, SV g,

Corrections
SVrer = SVMeter X 1273 + T et} /1273 + T pperee | Temperature
Pouro/Prer Pressure
[100-H ;0 pjeier 1/1100-H ;O g Water vapour
[20.9-0 3p¢ 17120.9-0 3] Oxygen
[[sampled volume @ ref. conditions (SVR «) m| 0179 |
Prepared by: D Martschenko Checked by: G. Carroll
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CPL LABORATORIES MONITORING REPORT FORM

TOTAL PARTICULATE
Company Nationwide Crash Repair Centre Date 10-Jan-06
Site Coventry Test Ref TE2
Sample point Booth 1 Time Start 14:55
Test carried out by D Martschenko, C Greenaway Time End 15:25
Duct conditions
||Dimension traversed by sampling probe (D) ml ml
|Cross sectional area of sampling plane (A) m‘l 0.454'
Duct gas conditions
Ambient temperature (T,,;) °C 10
Average duct gas temperature @h) °C 27
Duct static gas pressure (B, kPa|  0.16
[[Barometric pressure (B,.,) kPa| 1015
Duct gas volume flowrate @ ref. conditions () m'/s 3.42
||Gas compressibility correctiorej 0.995
Wet gas specific gravity (sg) 0.99
Reference conditions
Actual Duct Flow Conditions Reference Conditions
Average temperature (§,) y & 27 Temperature (Re) . 0
Total pressure (B,.) kPa 101.6  [Pressure (B kPa|] 1013
|Oxygen (Oipyc) % vol,dry 20.9 Oxygen (Ogep % vol, dry 20.9
'Water vapour (HOp,.) % voll 0.8 Water vapour (HOg.) % vol 0.8
Sampling conditions
Nozzle diameter (d) m 6.0
Initial gas meter reading m'| 218.469
Final gas meter reading m'|  218.696
Gas meter factor 0.983
Sampled volume (S ¥erer) m 0.223
Calculation of sample gas volume at reference conditions, SV .,
Corrections
SVrer = SVeter X 1273 + Ted/[273 + Thered Temperature
PBard/Prer Pressure
[100-HOppeqerd /[ 100-H0g Water vapour
[20.9-05p4,ed /120.9-Os g d Oxygen
||Smpled volume (@ ref. conditions (SVR m'rl 0.217 "
Prepared by: D Martschenko Checked by: G. Carroll
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Static pressure before gas meter 0 Pa Pitot 1.001
‘Water Vapour Concentration 0.00 kg/m3 factor
Moisture Content 0.4 o
MEASUREMENT OF TOTAL PARTICULATE
Test 1
_Time Posn. Pitot Duct Duct Duct Meter Duct Baro Nozzle Iso. Actual F‘ﬂnl.smnpled reqd. Cum.
rdg. temp. co2 02 temp. static press. dia. rate flow m m vol. dev.
Pa . 89 Yo % L Pa kPa mm Vmin Vmin meter cum, m %
0 2 25 23 0.0 20.9 8 30 101.7 595 10.2 10.8 218.284 0.000 0.000
4 4 1 24 0.0 20.9 8 30 101.7 595 2.0 2.1 218.327 0.043 0.041 54
8 7 12 24 0.0 20.9 9 30 101.7 595 71 7.0 218335 0.052 0.049 4.9
12 9 12 24 0.0 209 9 30 101.7 5.95 7.1 72 218.363 0.080 0.078 25
16 2 8 24 0.0 209 10 30 101.7 5.95 58 56 218.392 0.108 0.106 22
20 4 1 25 0.0 20.9 10 30 1017 595 21 2.0 218.415 0.131 0.129 1.0
24 - 4 26 0.0 20.9 10 30 101.6 595 4.1 39 218.422 0.139 0.138 0,7
28 9 15 26 0.0 20.9 10 30 101.6 5.95 8.0 15 218.438 0.154 0.154 0.0
MASS OF PARTICULATES COLLECTED OVERALL BLANK
[[Fiteer no. NCRS || Washing botile no. || |[Fitter no. NCR3 ||
HFiI!er + particulates, g 0.537241 |Washing filter + particulates, g [ql IlFIItBr + particulates, g 0.45!2"
|[Fitter, ¢ il.SS?ﬂ] |Washing filter, g l}]l |Fitter, g 0.4680||
[[Vass coltected, g ol [{Mass collected, g ofl [mass change, g 0.0002||
[[Proportionalised weight 0|
nWashing bottle no.
|[Total mass collected, g | off |[Evaporating Basin + particulates, g 0|
IEvaporallng Basin, g 0)
|[Mass collected, g off
CALCULATIONS
TOTAL FIELD BLANK g 0.0002
Q 4ua)s Flow in the duct, at duct conditions, m'ls 3.697400—1!4'
Q,.); Flow in the duct, at reference conditions, m'/s J.-tlﬂlﬂl
(M), Mass flow at duct conditions, kg/h (ql
I(C). Concentration of particulate matter at reference conditions, mg/m” oll
MEASUREMENT OF TOTAL PARTICULATE
Test 2
Time Posn. Pitot Duct Duct Duct Meter Duct Baro Nozzle Iso. Actual  [Volsampled reqd. Cum.
rdg. temp. co2 02 temp. static press. dia. rate flow m m val. dev.
Pa L B % %o °C Pa kPa mm I/min /min meter cum. m' %
0 2 38 27 0.0 20.9 9 160 1015 595 12.6 123 218.469 0.000 0.000
4 4 1 27 0.0 20.9 1 160 1015 5.95 20 20 218518 0.049 0.050 -2.2
8 7 1 27 0.0 20.9 10 160 1015 5.95 2.0 24 118.526 0.057 0.058 -24
12 9 24 27 0.0 209 10 160 101.5 5.95 10.0 10.0 218536 0.067 0.067 0.1
16 2 10 27 0.0 209 10 160 101.5 595 6.5 6.4 218.575 0.107 0.107 -03
20 4 17 27 0.0 209 10 160 101.5 595 8.4 8.5 218.601 0.132 0.133 -0.4
24 7 8 27 0.0 20.9 10 160 1014 5.95 58 58 218.635 0.166 0.166 -0.1
28 9 21 27 0.0 209 10 160 101.5 5.95 9.4 9.3 218.658 0.190 0.190 0.0
MASS OF PARTICULATES COLLECTED OVERALL BLANK
[[Fitter no. INCR4 Washing bottle no. If [[Firter no. ncrR3 |
IFiller + particulates, g 0.5299| (Washing filter + particulates, g DI IFlIter + particulates, g 0.4602“
IFiller. g 0.5291 'Washing filter, g DI IFlIter, g 0.4650“
lM:ss collected, g lE~EMI [[Mass collected, g On IMass Change, g 0.0002]
[Proportionalised weight 0]f
IﬁNashlng bottle no. "
ﬂTnuI ‘mass collected, g I] o.ooulll ﬂEvaporaﬂng Basin + particulates, g 0"
HEvapbraﬂng Basin, g 0“
lﬁass collected, g 0“
CALCULATIONS
TOTAL FIELD BLANK g 0.0002
ll(Q duct)s Flow in the duct, at duct conditions, m'ls 3.6974"
|[{Q,,,}, Flow in the duct, at reference conditions, m'/s 3.4!8#[
M), Mass flow at duct conditions, kg/h 0.0062]f
Eﬁ. Cancentration of particulale matter at reference conditions, mg/m’ "-463

(M), Mass flow at duct conditions, kg/h = C x Q duct x 0.0036

(C), Concentration of particulate matter at reference conditions, ngm' =
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2.2.5 Manual monitoring method results calculations

Formula 1 - Determination of Moisture Content
Vo= V(273 + Ty).(Py, + 101.3)

% Hy0 = 100.(My, + 18) + [(V, + 22.412) + (M, + 18)]

Where :

%H,0 - Moisture content of the gas sampled, %

M, - Mass of water collected during the test, g

Vs - Volume sampled at reference conditions, litres
Vi - Volume sampled at meter conditions, litres
T - Mean meter temperature during the test, K

Py - Mean meter conditions during test, kPa

Formula 2 - Determination of mean velocity

V =0.0753NTAh

Where

\ - Mean velocity during test, m/s

NT - Mean square root of temperatures before and after test, K

vh - Mean square root of pitot-static readings before and after test, Pa

Formula 3 - Volume flow rate of duct gases, at duct temperatures

Qdueny = V.A

Where

Quduct) - Volume flow rate of duct gases, m/s

Vv - Mean velocity, m/s

A - Area of duct ( at the sampling plane), m’

Formula 4 - Volume flow rate of duct gases, specified reference conditions

Qo = Qqauct(Trer + Tauer).(Pauct + Prer)-[(100 - %H,0) + 100].[(20.9 - O2guct) + (20.9 - Oper)]

Where

[0S - Volume flow rate at reference conditions, and relative O, and moisture correction, m’/s
T et - reference Temperature, K

e - Mean temperature across the duct, K

P - Relative static pressure in the duct, kPa

Pt - Reference pressure, kPa

%H,0 - Water content, %

Oaguet - Oxygen content as measured during the test, %v/v

Oyl - Relative Oxygen content for the process, %av/v
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2.2.6

Uncertainty calculation for EN 13284 Determination of low range mass concentration of dust, Manual Gravimetri

Test 1

Uncertainty calculations

c Method

Measurement Equation

Limit value 10|ms-m" oxyg 20.9|% by volume o3
Measured concentration __046 mg.m™ = s
G i r ncertainty as  Unce at  Requirement of
Measured Quantities Symbol Value Standard uncertainty Units percentage limit value standard
Sampled Volume Vi 0.18] UV, 0.002[m" 1.11 <=2%
pled gas Temperature Tl 298| uTm 11k 0.34 <=1%
Sampled gas Pressure P 101.67 Uy, 0.1|kPa 0.10 <=1%
Sampled gas Humidity Hp 0.1 uHy) 0.15|% by volume 150.00 <=1%
Oxygen content 01, 20.9 u0; ) 0|% by volume 0.00 <=5%
Mass particulate m 0.1 um | 0.2|mg 200.00 9.20 <5% of limit value
Note - Sampled gas humidity, temperature and pressure are values at the gas meter
Leak L 2 % 200 <=2%
Uncollected Mass UCM 0 mg 0.00 <=10%
Intermediate calculations
Factor for std conds fs 0.92
uncertainty components symbol  sensitivity coeff u (in units of fs)
Pm 0.009 0.001
Hy 0.009 0.001
Ta 0.003 0.003
ufs 0.003 0.38
Corrected volume v 0.17 uy 0.002 M V=V, 1.27)
Factor for O2 correction fe 1.00 T
uncertainty components symbol  sensitivity coeff u f== ; Of

Oz 10.00 0.000
Factor for 02 Correction ufc 1.00 0.000
—_—————— ety

21-0,
000‘

ensi

Parameter Uncertainty, i Value Units coeff Uncertainty in Result Uncertainty as %
Volume(standard conditions) V 017 m’ 278 0.01 mg.m” 1.27 %
Mass m 0.10 mg 4.60 0.82 mg.m” 200.00
Factor for 02 Correction fc 1.00 0.46 0.00 mg.m* 0.00 %
Leak L 0.01 mgm™® 1.00 0.01 mgm”

Uncollected mass _ UCM 0.00 mg 460 0.00 mg.m”*

Combined uncertainty 0.92 mgm”

Expanded uncertainty

Expanded uncertainty

expressed with a level
confidence of 95%

expressed with a level of

confidence of 95%

of

Test 2 Measurement Equation
Limit value 10{mg.m oxyge 20.9]% by volume c=— f(
Measured concentration 0.45|mg.m™ V-
Uncertaity a5 Uncer@nty af Requirement of|

Measured Quantities Symbol Value Standard uncertainty Units percentage limit value standard
Sampled Volume Y 0.216 uV 0.002 m 093 <=2%
Sampled gas Temperature T 300 uTm! 1lk 0.33 <=1%
Sampled gas Pressure Pm 101.34 Uy 0.1|kPa 0.10 <=1%
Sampled gas Humidity Hy) 0.8 uH,, 0.15|% by volume 18.75 <=1%
Oxygen content Qs 20.9 u0, 0|% by volume 0.00 <=5%
Mass particulate m 0.1 um 0.2jmg 20000 9.20 <5% of limit value
Note - Sampled gas humidity, temperature and pressure are values at the gas meter
Leak L 2 % 2.00 <=2%
Uncollected Mass ucM 0 mg 0.00 <=10%
Intermediate calculations
Factor for std conds fs 0.90
uncertainty components symbol  sensitivity coeff u (in units of fs)

P 0.009 0.001

Hm 0.009 0.001

v i 0.003 0.003

ufs 0.003 0.38
Corrected volume V 0.20 uV 0.002 m" V=1, 1.09
Factor for O2 correction fc 1.00
uncertainty components symbol  sensitivity coeff u _u-o.,

Ozm 10.00 0.000 21 -0,
Factor for 02 Correction ufc 1.00 0.000 0.00
Sensitvity

Parameter Uncertainty, | Value Units coeff Uncertainty in Result Uncertainty as %
Volume(standard conditions) V 0.20 m’ 236 0.01 mg.m'3 1.08 %
Mass m 0.10 mg 4.60 0.92 mg.m* 200.00
Factor for 02 Correction fc 1.00 0.46 0.00 mg.m* 0.00 %
Leak L 0.01 mgm™ 1.00 0.01 mgm*
Uncollected mass UCM 0.00 mg 4.60 0.00 mg.m*
Combined uncertainty 0.92 mg.m"~

Expanded uncertainty

Expanded uncertainty

Nationwide Crash Repair Centre, Coventry; 2006; Report 06/007 A (Spray Booth 1) Part 2. Page 14 of 15

expressed with a level of

confidence of 95%

expressed with a level of

confidence of 95%




Appendix 3

Stack: Spray Booth 1
Equipment Value No X
Nozzle: internal diameter >6 mm X
Nozzle: uncertainty of area at nozzle entry 0% v
Nozzle: length with constant internal diameter >10 mm v
Nozzle: change in diameter angle <30° v
Nozzle: radius of the bend .>1.5 times internal diameter v
Nozzle: straight length before the first bend >30 mm v
Filter holder: distance to obstacles >50mm v
Filter:
Efficiency on test aerosol of 0.3 um >99.5 % v
Efficiency on test aerosol of 0.6 um >99.9% v
Filter: filter material No reaction and no absorption <
of the components
Condenser, drying tower: residual gas moisture <10 gr/m’ v
Gas meter:
Uncertainty of gas volume <2% v
Uncertainty of absolute pressure 4 % v
Uncertainty of absolute temperature 1 % ¥
Angle of the nozzle with regard to gas flow Isokinetic v
rate <10°
Isokinetic rate 95% to 115% v
Leak rate <2% v
Balance resolution 0.01 mg to 0.1 mg v
Weighing uncertainties <5 % of the LV* X
Weighing: temperature equilibrium duration 4h to 12h v
Overall blank value <10%of the LV* v
Sampling location
Duct gas flow: angle with regard to duct access =152 X
Duct gas flow: negative velocity not permitted X
Duct gas flow: differential pressure at Pitot tube >5Pa X
Duct gas flow: ratio of max. to min. velocity <3:1 X
_ > 5 hydraulic diameters v
Straight length before the sampling plane (recommended)
> 2 hydraulic diameters
Straight length after the sampling plane (recommended) 3
> 5 hydraulic diameters
Straight length before emission point (recommended) X
Correct number of sampling points for standard? v
Flue Gas Characteristics
Flue gas density: uncertainty 0.05 kg/rn’ v
LV®: Limit Value set for the process mg/m’ 10
---0000000---
End of Report
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1.1 Monitoring Objectives

Mr M. Rose of Nationwide Craft Repair Centre, requested CPL Laboratories to monitor emissions

to air from Spray Booth 2.

The monitoring was carried out on the 1

]th

January 2006, to determine compliance with specified

emission limits. The substances requested for monitoring at each emission point are listed below.

Substances

Emission Point Identification

To be

Monitored

Spray Booth 2

Total particulate matter (TPM)

Special Requirements: None

Nationwide Crash Repair Centre, Coventry; 2006; Report 06/007 A (Spray Booth 2) Part 1.
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1.2 Monitoring Results

Emission point reference

Spray Booth 2

Substance to be monitored

Total particulate matter (TPM)

Emission limit value mg/m’ 10
Periodic monitoring results 0.51
mg/m’ <0.51
Uncertainty % 447
447
Monitoring Method reference ISO 9096: 2003
Accreditation for use of method UKAS
MCERTS
Date of sampling 11/01/06
Start & end times 10:30 - 11:10
11:10-11:42
Reference conditions 273K, No correction for oxygen or moisture
101.3kPa
Operating status Normal

Nationwide Crash Repair Centre, Coventry; 2006; Report 06/007 A (Spray Booth 2) Part 1.
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1.3 Operating Information

This process involves the paint spraying of automobiles within confined booths and extraction through a
filter unit before outlet to air.

Emission point reference Spray Booth 2
Date 11/01/06
Process type Panel Spraying
Process duration Approximately 30 to 60 mins
Fuel Not Applicable
Feedstock Paints
Abatement Filters
Load Automobiles
Comparison with Operator
CEMs
Operator CEMs Not Applicable
Particulate matter mg/m’
Particulate matter mg/m’ 0.51
Periodic monitoring results <0.51

1.4 Monitoring Deviations

Emission point reference Spray Booth 2
Substance deviations None
Monitoring deviations Note 1 Note 4
Other relevant issues Note 2 Note 3
Notes
1. Nozzle diameter less than 6mm

Less than 2 duct diameters straight length after the sampling plane
Less than 5 duct diameters straight length before the emission point
Weighing uncertainties greater than 5% of the LV

b, LB
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2 Part 2: Supporting Information
2.1  Appendix 1: General Information
2.1.1 Monitoring organisation staff details

Sampling Team Members

Name MCert Status MCert Registration No. | Responsibility
C M Greenaway Level 2 MM 02 048 Team Leader
WithTE 1, 2, 3,4
D Martschenko - - Technician
2.1.2  Monitoring organisation method details
: Pollutant Measurement Method No. tests / blanks
d Total Particulate Matter | ST6  ISO 9096: 2003 2/1
| (TPM)
2.1.3 Monitoring organisation equipment checklist
| | 060007 [ CL-081 ¥
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23 Appendix 2

2.2.1 Diagram of Sampling Location and Position

Sloping Roof

Axis A" =
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2.2.2  Flow criteria and gas measurements

CPL LABORATORIES MONITORING REPORT FORM
PITOT TRAVERSE (ROUND DUCT)

Company Nationwide Crash Repair Centre Date 11-Jan-06
Site Coventry Test Ref
Sample point Booth 2 Time Start m
Test carried out by D Martschenko, C Greenaway Time End m
DUCT CONDITIONS

Diameter traversed by sampling probe (D)

Cross sectional area of sampling plane (A) m’ 0.454

MOLECULAR WEIGHT & DENSITY DETERMINATION
Duct gas conditions

Ambient temperature

Duct static gas pressure

Iéverage duct gas temperature (Tduct)

Barometric pressure

Dry Mol Wt

Wet Mol Wt

g/gmole g/gmole
0.0 0.0
6.7 6.6

0.0 0.0 ]’

| 79.1 78.5 22.1 22.0
0.1 |
288 |

Calculation of dry and wet gas density from molecular weight results

Dry density kg/m 1.29 At STP
Wet density kg/m’ 1.28 (0°C & 101.3 kPa)
Dry density kg/m’ 1.17 At Duct Conditions

Wet density (p,) kg/m” 1.17 (see above)
et specific gravity (sg)
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PITOT TRAVERSE

Details of measurement equipment and supplementary measurements

|Pitot type ('L' or 'S’ type) L

Pitot calibration factor 1.001

Pitot No. PT14
Manometer No. M17
Thermocouple No. TC44 ||
Stopwatch No. SWi18
Barometer No. BM4

Tape measure No. T™M21

Angle of gas flow less than 15°? Yes

Measurements and calculation of duct gas velocity

Traverse Port Distance from inside Differential Temperature Gas
Point wall of duct Pressure (Ty) Vh Velocity
(fraction of D) (h) (V)
Pa 'C m/s
1 A 0.05 34 30 5.8 75
2 A 0.15 23 30 4.8 6.3 I
3 A 0.25 42 30 6.5 8.5
4 A 0.35 52 30 7.2 9.5 "
5 A 0.45 61 30 7.8 10.3
6 A 0.55 60 30 i 10.2
i A 0.65 62 30 7.9 10.3 "
8 A 0.75 52 29 7.2 9.5
9 A 0.85 38 29 6.2 8.1
10 A 0.95 30 29 5.5 72
11 B 0.05 23 30 4.8 6.3
12 B 0.15 42 30 6.5 8.5
13 B 0.25 50 30 7% | 9.3
14 B 0.35 59 30 77 10.1
15 B 0.45 61 30 7.8 10.3
16 B 0.55 62 30 7.9 10.3
17 B 0.65 56 30 715 9.8
18 B 0.75 42 29 6.5 8.5
19 B 0.85 32 29 Bl 7.4
20 B 0.95 42 29 6.5 85 |
‘ Hpyet Touet "Jhl)u_ct ‘ Vy) \
Averages 46.2 30 6.7 8.82
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CALCULATION OF VELOCITY & FLOW RATE

Viue = Ky x (1-€) x ¥2/p, xVh (Reference BS 1042:Section 2.1:1983, pages 8&9)

where Vouet = gas velocity at sampling point (m/s)
K= pitot calibration factor (dimensionless)
l-e= compressibility correction (assumed constant at 0.995)
P.= wet gas density under duct conditions (kgfm’)
h= differential pressure (Pa)
Average gas velocity (Vp,c) = m/s
Average volume flowrate (Qp,.) = Vpacte Tl

3

Conversion of actual duct gas flow to reference conditions

||Ac!ual Duct Flow Condﬁons e Reference Condition;

HAverage temperature (T, ) He 30 Temperature (Tg,) C 0.0

"To!al pressure (P, kPa 101.9  |Pressure (Pg,) kPa 101.3
"0xygen (O2puc) % vol,dry 209 Oxygen (0,5, % vol, dry 20.9
"Water vapour (_Hzomm) % vol 0.7 Water vapo; (H,;0g.) % vol 0.7

Calculation of gas flowrate at STP, Qgyp

Qstp = Qpua X [(273 x Py )/(101.3 x (273 + Tyl

Calculation of gas flow at reference conditions, Qg

Corrections
Qger = Qpue X 1273 + Tred/[273 + Tyl Temperature
Pouct!PRres Pressure
[100-H,0y,,.1/[100-H,0p] Water vapour
[20.9-045,1/[20.9-0,,¢ Oxygen
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2.2.3 Water vapour measurements

CPL LABORATORIES MONITORING REPORT FORM
WATER VAPOUR (GRAVIMETRIC TECHNIQUE)

Company Nationwide Crash Repair Centre Date 11-Jan-06
Site Coventry Test Ref H,0 1,2
Sample point Booth 2 Prepared D Martschenko
Test carried out by D Martschenko, C Greenaway Checked G. Carroll
SAMPLING TIMES
"Determinatiun 1 2 "
[[Time Start 10:30 11:10 |
|[Time End 11:06 11:42 ||
SAMPLING CONDITIONS
— 31

"l)etcrmination 1 2
"Gas meter temperature (T ,..) 8 10 12
"Atmospheric pressure (P,,.) kPa 101.8 101.8
[[Final meter reading m’|  218.898 219.092
[ltnitial meter reading m’|  218.696 218.899

"Gas meter calibration factor 0.983 0.983
Iqulume of gas sampled (VG,,,,,,) 1 198.5 189.8

SAMPLE TUBE WEIGHTS

"Determination 1 2

Tube

Final weight (Mg) g 145.6 129.1

[linitial weight (v1,,) g| 1447 127.8

[[Weight gain (M-M;, = M,,) g 0.9 1.3

Sample gas volume at STP, VGgyp

VGsrp = VGoper X 273 x P, )(1013 x 273 + T er))

“Determination 1 2 "

|Izﬂlume of gas sampled (VGgyp) LSTP| 1923 1830 |f

Calculation of water vapour content in duct gas, C,
Cy (%o vol) =100 x (M, x MV gp+MWy336)+H(VGyp + (M, X MV, +MWp,0))
where MVyp is the ideal gas molecular volume at STP (i.e. 22.412 m"/kgmole)

MWy, is the molecular weight of water (i.e. 18 kg/kgmole)

WATER VAPOUR MEASUREMENTS

Determination 1 2 |
Water vapour content %, vol 0.6 0.9 "
Mean water vapour content Yo.vol] 0:7 I
‘Water vapour concentration kg/m’ 0.005 0.007 _I
Mean water vapour concentration kg/m'l 0,006 If
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2.2.4 Sampling measurements

CPL LABORATORIES MONITORING REPORT FORM

TOTAL PARTICULATE
Company Nationwide Crash Repair Centre Date 11-Jan-06
Site Coventry Test Ref TE1
Sample point Booth 2 Time Start 10:30
Test carried out by D Martschenko, C Greenaway Time End 11:06
Duct conditions
"mmensinn traversed by sampling probe (D) m| 0.74'
|Cruss sectional area of sampling plane (A) m’ 0.454'
Duct gas conditions
“Ambient temperature (T,) L 9
"Averag_e duct gas temperature () 'C 32
IIDuct static gas pressure (R, kPal 0.13
IIBarumeIric pressure (B,..) kPal 101.8
"Duct gas volume flowrate @ ref. conditions ¢Q) m'/s 3.61
[Gas compressibility correctiorgj 0.995
Wet gas specific gravity (sg) 0.99
Reference conditions
Actual Duct Flow Conditions Reference Conditions
Average temperature (§,c) °C 32 Temperature (k.9 'C 0
Total pressure (By.) kPa 101.9  |Pressure (Feeg kPa 101.3
Oxygen (Opued % vol,dry 20.9 Oxygen (O, % vol, dry 20.9
Water vapour (HOyp,) % voll 0.6 Water vapour (HOg.) % voll 0.6
Sampling conditions
"Nozzle diameter (d) mm 3.99
l[initial gas meter reading m'|  218.696
|h7inal gas meter reading m’|  218.898
IGas meter factor 0.983
Sampled volume (S Ve m’ 0.198
Calculation of sample gas volume at reference conditions, {¥
Corrections
SVrer = SVMeter X [273 + Tred/[273 + Theterd Temperature
Pgard/Prer Pressure

[100-H,Onererd/[100-H, O
[20.9-01ucd/[20.9-Op el

IISampIed volume @ ref. conditions (SVR

m’l

0.194 |

Water vapour
Oxygen

P, d by: D tschenk ked by: G. C 1l
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CPL LABORATORIES MONITORING REPORT FORM

TOTAL PARTICULATE
Company Nationwide Crash Repair Centre Date 11-Jan-06
Site Coventry Test Ref TE2
Sample point Booth 2 Time Start 11:10
Test carried out by D Martschenko, C Greenaway Time End 11:42
Duct conditions
“E_)imension traversed by sampling probe (D) m 0.76/
"Cross sectional area of sampling plane (A) m 0.454
Duct gas conditions
Ambient temperature (T, ) ’c 12
Average duct gas temperature (T ;,.) i€ 30
Duct static gas pressure (P g,,;) kPa 0.13
Barometric pressure (P, ) kPa 101.8
Duct gas volume flowrate @ ref. conditions (Q p.p mY/s 3.61
Gas compressibility correction ( €) 0.995
‘Wet gas specific gravity (sg) 0.99
Reference conditions
Actual Duct Flow Conditions Reference Conditions
Average temperature (T Duct) e 30 Temperature (T 9 e 0
Total pressure (P Duct) kPa 101.9 Pressure (P ) kPa 101.3
Oxygen (0;p,.) % vol,dry 20.9 Oxygen (O 2Red) % vol, dry 20.9
Water vapour (H,0p,.,) % vol 0.9 Water vapour (H,0,.) % vol 0.7
Sampling conditions
Nozzle diameter (d) mm 4.0
Initial gas meter reading m'[  218.899
Final gas meter reading m’|  219.092
(Gas meter factor 0.983
Sampled volume (SV y,..) m 0,190
Calculation of sample gas volume at reference conditions, S¥.¢
Corrections
SVier = SVpetsr ¥ 1273+ T 1273 + T e Temperature
Pgoard Pres Pressure

[100-H ;O ¢,/ [100-H ;0 4
20.9-0 5,J/120.9-0 5.

"Sampled volume (@ ref. conditions (SVR )

i

0.184 ]J

Prepared by:
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Oxygen
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Static pressure before gas meter 0 Pa Pitot 1.001
Water Vapour Concentration 0.01 kg/m3 factor
Moisture Content 0.7 Ya
MEASUREMENT OF TOTAL PARTICULATE
Test 1
—— —
Time Posn. Pitot Duct Duct Duct Meter Duct Baro Nozzle Iso. Actual  |Vol.sampled reqd. Cum.
rdg. temp. co? 02 temp. static press. dia, rate flow m m vol. dev
Pa g O Y Ya L o Pa kPa mm L/min Vmin meter cum, m Ya
0 2 47 29 0.0 20.9 8 130 101.7 1.99 6.2 6.2 218.696 0.000 0.000
4 4 55 29 0.0 209 8 130 101.7 399 6.7 6.8 218.721 0.025 0.025 -0.1
8 7 68 29 0.0 20.9 9 130 101.7 399 1.8 7.6 218.749 0.052 0.052 0.4
12 9 20 M 0.0 20.9 L] 130 101.7 19 4.0 4.1 218.779 0.083 0.082 0.7
16 2 38 35 0.0 209 10 130 101.8 3.99 5.6 5.6 218.795 0.099 0.098 0.8
20 4 35 0.0 20.9 10 130 1018 3.99 7.5 7.6 218.818 0.121 011 0.7
24 7 64 32 0.0 209 10 130 1018 399 7.3 74 218.848 0.152 0.150 1.0
28 9 30 ) | 0.0 20.9 10 130 1018 19 5.0 51 218.878 0.182 0.180 1.2
MASS OF PARTICULATES COLLECTED OVERALL BLANK
[[Firter no. INCR6 Washing bottle no. |l |[Filter no. NCR3 |
|[Filter + particulates, g 0.5277] Washing filter + particulates, g ofl [[Fitter + particulates, g 0.4682|
|[Fitter, g 0.5276) Washing filter, g o ||Filtar. g o.tss§|
“Mnss collected, g 1E-04)f Mass collected, g Mass Change, g 0.000
I ||Washlng bottle no. ||
[[rotal mass coltected, g [ o.0001]f [Evaporating Basin + particulates, g of
||Evaporallng Basin , g o]
[IMass collected, g of
CALCULATIONS
TOTAL FIELD BLANK g 0.0002
Q 4uc): Flow in the duet, at duct conditions, m"/s 3.97869515)
Q,.0), Flow in the duct, at reference conditions, m’/s 3.6096'
), Mass flow at duct conditions, kg/h 0.0074l
%ﬂntﬂﬁnn of particulate matter at reference conditions, mg/m 0.51
MEASUREMENT OF TOTAL PARTICULATE
Test 2
,_Time Posn. Pitot Duct Duct Duct Meter Duct Baro Nozzle Iso. Actual  |Vol.sampled reqd. Cum.
rdg. femp. co2 02 temp, static press. dia. rate fMow m' m' vol. dev.
Pa . o % % a°C Pa kPa mm Vmin I/min meter cum, m %
0 2 44 30 0.0 209 11 130 1018 399 6.1 6.0 218.899 0.000 0.000
4 4 56 kil 0.0 209 12 130 101.83 399 6.9 71 218.923 0.024 0.024 =10
] 7 56 30 0.0 209 12 130 101.8 399 6.9 7.0 218.951 0,052 0.052 11
12 9 36 31 0.0 209 12 130 1018 399 55 58 218979 0.080 0.079 1.0
16 2 15 31 0.0 209 12 130 101.8 3.99 16 3.6 219.002 0.103 0.101 1.9
20 4 58 30 0.0 209 12 130 101.8 199 1.0 7.0 219.017 0.118 0.116 L7
24 7 70 30 0.0 209 12 130 101.8 399 .7 79 219.044 0.146 0.144 13
28 9 18 30 0.0 209 12 130 1018 3.99 39 4.0 219.076 0.177 0.175 1.5
MASS OF PARTICULATES COLLECTED OVERALL BLANK
“Filler no. INCR7 Washing bottle no. | IFlIIar no. [[Ncr2 ]l
lll-‘iller + particulates, g 0.525 Washing filter + particulates, g OI IFiIter + particulates, g u.wszll
[Fitter, g 0.525 Washing filter, g olf [[Fitter, g 0.4680]|
[[Mass coltected, g o] [[Mass collected, g olf [[Mass Change, g 0.0002]
Ifmlmrtiomli!ed weight off
I\L\falhlng bottle no. ]l
|[Total mass collected, ¢ Il of| [[Evaporating Basin + particulates, g off
ﬂ@pﬁraﬂng Basin, g 0][
{[mass collected, g of|
CALCULATIONS
TOTAL FIELD BLANK g 0.0002
Q 4uc)s Flow in the duct, at duct conditions, m’/s 3.97869515]
IEQ,.(). Flow in the duct, at reference conditions, m'/s 3.6096}
M), Mass flow at duct conditions, kg/h off
E(’), Concentration of particulate matter at reference conditions, mg/m” u]r

(M), Mass flow at duct condifions, kg/h = C x ) duct x 0.0036

(C), Concentration of particulate matter at reference conditions, llla.’ml -
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2.2.,5 Manual monitoring method results calculations
Formula 1 - Determination of Moisture Content
Vo= V(273 + Tpp).(Py + 101.3)

% H;0 =100.(My, + 18) + [(V, +22.412) + (M, + 18)]

Where :

%H,0 - Moisture content of the gas sampled, %

M, - Mass of water collected during the test, g

N - Volume sampled at reference conditions, litres
N - Volume sampled at meter conditions, litres
3 - Mean meter temperature during the test, K

Py - Mean meter conditions during test, kPa

Formula 2 - Determination of mean velocity

V=0.0753~TANh

Where

\" - Mean velocity during test, m/s

NT - Mean square root of temperatures before and after test, K

vh - Mean square root of pitot-static readings before and after test, Pa

Formula 3 - Volume flow rate of duct gases, at duct temperatures

Q(duct) =N

Where

Quaucty - Volume flow rate of duct gases, m'/s

A% - Mean velocity, m/s

A - Area of duct ( at the sampling plane), m’

Formula 4 - Volume flow rate of duct gases, specified reference conditions

Qo = Qeduct)-(Trer + Tauct)-(Pauer + Prer).[(100 - %H20) + 100].[(20.9 - Ozguet) + (20.9 - Oael)]

Where

s - Volume flow rate at reference conditions, and relative O, and moisture correction, m’/s
Weet - reference Temperature, K

Tt - Mean temperature across the duct, K

Payet - Relative static pressure in the duct, kPa

Bt - Reference pressure, kPa

%H-0 - Water content, %

Osduct - Oxygen content as measured during the test, %ov/v

Onpet - Relative Oxygen content for the process, %ov/v
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2.2.6

Uncertainty calculations

Uncertainty calculation for EN 13284 Determination of low range mass concentration of dust, Manual Gravimetric Method

Test 1 Measurement Equation
Limit value 10{mg.m™ oxygenl 20\9'%[)‘1 volume el f
Measured concentration 0.51|mg.m™ i
Uncertainty as _ Uncertainty al _Requirement of
Measured Quantities Symbol Value Standard uncertainty Units percentage limit value standard
Sampled Volume Vi 0.194 uv,, 0.002|m" 1.03 <=2%
Sampled gas Temperature T 305 uTm 1[k 0.33 <=1%
Sampled gas Pressure P 101.67| Py, 0.1|kPa 0.10 <=1%
Sampled gas Humidity Hyl 0.6 uH,, 0.15|% by volume 25.00 <=1%
Oxygen content 0,4 209 Oy 0.1{% by volume 0.48 <=5%
Mi.isﬁ particulate m, 0.1 um 0.2img 200.00 10.20 <5% of limit value -

[Note - Sampled gas humidity, temperature and pressure are values at the gas meter

Leak L 2 % 2.00 <=2%
Uncollected Mass UcM 0 mg 0.00 <=10%
Intermediate calculations
Factor for std conds fs 0.89
uncertainty components symbol  sensitivity coeff u (in units of fs)
P 0.009 0.001
Hi, 0.009 0.001 JLLAES A T
T 0.003 0.003
ufs 0.003 -
Corrected volume v 0.17 uV 0.002 m" i 1.21
Factor for 02 correction fe 1.00 21-0.
uncertainty components symbol  sensitivity coeff u f L
Oy 10.00 1.000 o -0,
Factor for O2 Correction ufc 1.00 1.000 100.00 1
ensitivi
Parameter Uncertainty, i Value Units coeff Uncertainty in Result Uncertainty as % ’
Volume{standard conditions) V 017 m’ 2.94 0.01 mgm* 121 % J
Mass m 0.10 mg 5.10 1,02 mg.m* 200.00
Factor for O2 Correction fc 1.00 0.51 051 mgm*® 100.00 %
Leak L 0.01 mgm? 1.00 0.01 mg.m*®
Uncollected mass ucMm 0.00 mg 510 0.00 mg.m*
Combined uncertainty 1.14 mg.m”~
g expressed with a level of
Expanded uncertainty confidence of 95%
expressed with a level of
Expanded uncertainty confidence of 95%
Test 2 Measurement Equation
= 4@"%1—-' m
Limit value 10jmg.m oxygen 20.9% by volume c=—1F,
|Measured concentration 0.54|mg.m™ il
Uncertainty as Uncertainty al Requirement of
Measured Quantities Symbol Value Standard uncertainty Units percentage limit value standard
Sampled Volume Vo 0.184 uV,) 0.002|m" 1.09 <=2%
Sampled gas Temperature Ti 303, uTm 1|k 0.33 <=1%
Sampled gas Pressure P 101.67, upy 0.1|kPa 0.10 <=1%
Sampled gas Humidity He 0.9 uH,, 0.15|% by volume 16.67 <=1%
Oxygen content Oy 20.9 10, 0.1|% by volume 0.48 <=5%
Mass particulate m| 0.1 um| 0.2|mg 200.00 10.80 <5% of limit value
Note - Sampled gas humidity, temperature and pressure are values at the gas meter
Leak L 2 % 2.00 <=2%
Uncollected Mass ucM 0 mg 0.00 <=10%
Intermediate calculations
Factor for std conds fs 0.90
uncertainty components symbol  sensitivity coeff u (in units of fs)
Pa 0.009 0.001
H,. 0.009 0.001
Ta 0.003 0.003
ufs 0.003 0.38]
Corrected volume v 0.16 uv 0.002 m" =l 1.27]
Factor for O2 correction fe 1.00
uncertainty components symbol  sensitivity coeff u =
Oy 10.00 1.000
Factor for O2 Correction ufc 1.00 1.000 100.00}
Sensiivity —
Parameter Uncertainty, | Value Units coeff Uncertainty in Result Uncertainty as %
Volume(standard conditions) V 016 m° 3.27 0.01 mg.m” 1.27 %
Mass m 0.10 mg 5.40 1.08 mg.m : 200.00
Factor for O2 Correction fc 1.00 0.54 0.54 mg.m* 100.00 %
Leak L 0.01 mgm® 1.00 0.01 mgm*
Uncollected mass ucM 0.00 mg 5.40 0.00 mg.m*
Combined uncertainty 1.21 mgm”

Expanded uncertainty

Expanded uncertainty

expressed with a level of

confidence of 95%

expressed with a level of

confidence of 95%
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Appendix 3

Stack: Spray Booth 2
Equipment Value No X
Nozzle: internal diameter >6 mm X
Nozzle: uncertainty of area at nozzle entry 0% v
Nozzle: length with constant internal diameter >10 mm v
Nozzle: change in diameter angle <30° v
Nozzle: radius of the bend >1.5 times internal diameter v
Nozzle: straight length before the first bend >30 mm v
Filter holder: distance to obstacles >50mm v
Filter:
Efficiency on test aerosol of 0.3 um >99.5 % v
Efficiency on test aerosol of 0.6 pm >99.9% v
Filtes filter taaterial No reaction and no absorption v
of the components

Condenser, drying tower: residual gas moisture <10 gr/m’ 2
Gas meter:
Uncertainty of gas volume <2% v
Uncertainty of absolute pressure g % v
Uncertainty of absolute temperature g % v
Angle of the nozzle with regard to gas flow Isokinetic /
rate <10°
Isokinetic rate 95% to 115% %
Leak rate <2% v
Balance resolution 0.01 mg to 0.1 mg v
Weighing uncertainties <5 %ofthe LV a X
Weighing: temperature equilibrium duration 4h to 12h v
Overall blank value <10%of the LV a v
Sampling location
Duct gas flow: angle with regard to duct access <]5° ¥
Duct gas flow: negative velocity not permitted v
Duct gas flow: differential pressure at Pitot tube >5Pa v
Duct gas flow: ratio of max. to min. velocity =3:1 v

\ ; > 5 hydraulic diameters 2
Straight length before the sampling plane (recommended)

: ) > 2 hydraulic diameters X
Straight length after the sampling plane (recommended)

_ - . > 5 hydraulic diameters X
Straight length before emission point (recommended)
Correct number of sampling points for standard? v
Flue Gas Characteristics
Flue gas density: uncertainty 0.05 kg/rn’ v
LV*: Limit Value set for the process mg/m’ 10

---0000000---
End of Report
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1.1 Monitoring Objectives

Mr M. Rose of Nationwide Craft Repair Centre, requested CPL Laboratories to monitor emissions
to air from Spray Booth 3.

The monitoring was carried out on the 11-12" January 2006, to determine compliance with specified
emission limits. The substances requested for monitoring at each emission point are listed below.

Substances Emission Point Identification
To be
Monitored Spray Booth 3

Total particulate matter (TPM)

Special Requirements: None
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1.2 Monitoring Results

Emission point reference Spray Booth 3
Substance to be monitored Total particulate matter (TPM)
Emission limit value mg/m’ 10
Periodic monitoring results <0.52 <0.56

mg/m’
Uncertainty % 400 400
Monitoring Method reference ISO 9096: 2003
Accreditation for use of method UKAS
MCERTS
Date of sampling 11/01/06 12/01/06
Start & end times 13:57 — 14:27 9:05 -9:37
Reference conditions 273K, No correction for oxygen or moisture
101.3kPa
Operating status Normal
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This process involves the paint spraying of automobiles within confined booths and extraction through a filter

1.3  Operating Information

unit before outlet to air.

Emission point reference

Spray Booth 3

Date 11-12/01/06
Process type Panel Spraying
Process duration Approximately 30 to 60 mins
Fuel Not Applicable
Feedstock Paints
Abatement Filters
Load Automobiles
Comparison with Operator
CEMs
Operator CEMs Not Applicable
Particulate matter mg/m’
Particulate matter mg/m’ <0.52
Periodic monitoring results <0.56
1.4 Monitoring Deviations
Emission point reference Spray Booth 3
Substance deviations None
Monitoring deviations Note 1 Note 4
Other relevant issues Note 2 Note 3

Notes

—

e A
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Less than 2 duct diameters straight length after the sampling plane
Less than 5 duct diameters straight length before the emission point

Weighing uncertainties greater than 5% of the LV
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2 Part 2: Supporting Information

2.1 Appendix 1: General Information

2.1.1 Monitoring organisation staff details

Sampling Team Members

Name

MCert Status MCert Registration No.

Responsibility

C M Greenaway

Level 2 MM 02 048
WithTE 1, 2, 3, 4

Team Leader

D Martschenko - = Technician
2.1.2 Monitoring organisation method details
Pollutant Measurement Method No. tests / blanks
Total Particulate Matter | ST 6 ISO 9096: 2003 21

(TPM)

2.1.3 Monitoring organisation equipment checklist

1060007 [ CL-081

.
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2.2 Appendix 2

2.2.1 Diagram of Sampling Location and Position

Sloping Roof

Axis A7 Z

Axis B
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2.2.2 Flow criteria and gas measurements

CPL LABORATORIES MONITORING REPORT FORM
PITOT TRAVERSE (ROUND DUCT)

Company Nationwide Crash Repair Centre Date " 11-12/01/2006 ||

Site Coventry Test Ref
Sample point Booth 3 Time Start
Test carried out by D Martschenko, C Greenaway Time End
DUCT CONDITIONS

Diameter traversed by sampling probe (D) m 0.76“

Cross sectional area of sampling plane (A) m’ 0.454"

MOLECULAR WEIGHT & DENSITY DETERMINATION

Duct gas conditions

Ambient temperature L 8
Duct static gas pressure kPa 0.16
Average duct gas temperature (Tduct) *C 26
Barometric pr-essure

Calculation of molecular weight from gas composition

|| Gas Vol% Vol% Dry Mol Wt Wet Mol Wt
Dry gas Wet gas g/gmole g/gmole
CcO, 0.0 0.0 0.0 0.0
0, 20.9 20.8 6.7 6.7
CcO 0.0 0.0 0.0 0.0
N, 79.1 78.7 22.1 22.0
0.5 0.1

Dry density At STP
Wet density kg/m’ 1.28 (0°C & 101.3 kPa)
Dry density kg/m 1.19 At Duct Conditions
Wet density (p,) kg/m’ 1.19 (see above)
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PITOT TRAVERSE

Details of measurement equipment and supplementary measurements

Pitot type ('L' or 'S' type)

Pitot calibration factor

Pitot No.

Manometer No.

Tape measure No.

Angle of gas flow less than 15°?

Measurements and calculation of duct gas velocity

Traverse Port Distance from inside Differential Temperature Gas
Point wall of duct Pressure (Ty) Vh Velocity
(fraction of D) (h) (Vo)
Pa € m/s
1 A 0.05 24 26 4.9 6.4
2 A 0.15 27 26 5.2 6.8
3 A 0.25 32 26 I 7.4 ||
4 A 0.35 37 26 6.1 7.9
S A 0.45 41 26 6.4 8.3 "
6 A 0.55 52 26 7.2 9.4
7 A 0.65 52 25 1.2 9.4
8 A 0.75 47 25 6.9 8.9
9 A 0.85 48 25 6.9 9.0
10 A 0.95 32 26 ST 7.4
11 B 0.05 25 26 5.0 6.5
12 B 0.15 48 26 6.9 9.0
13 B 0.25 49 26 7.0 9.1
14 B 0.35 54 26 7.3
15 B 0.45 50 26 7
16 B 0.55 48 26 6.9
17 B 0.65 45 26 6.7
18 B 0.75 40 25 6.3
19 B 0.85 27 25 5.2
20 B 0.95 22 25 4.7 .
HDucl TDucl ‘\lhDucl
Averages 40.0 26 6.3 8.15
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CALCULATION OF VELOCITY & FLOW RATE

Viue = Ky x (1-€) x VZ!p, x Vh (Reference BS 1042:Section 2.1:1983, pages 8&9)

where Vuct = gas velocity at sampling point (m/s)
K, = pitot calibration factor (dimensionless) .
l-e= compressibility correction (assumed constant at 0.995) .
pa= wet gas density under duct conditions (kg/m’) |
h= differential pressure (Pa)
! Average gas velocity (Vp,ca) = m/s
Average volume flowrate (Qp, ) = Viueta ¥ A

Conversion of actual duct gas flow to reference conditions

Actual Duct F.iow Conditions Reference Conditions -

Average temperature (Tp,) "C 26 Temperature (Tg,) °C 0
Total pressure (&,u_“) kPa 102.4 Pressure (Pg,) kPa 101.3
Oxygen (O;p,.0) % vol,dry 20.9 Oxygen (0,5, % vol, dry 20.9
Water vapour (H,0p,.) % vol 0.5 Water vapour (H,0g,) % vol 0.5

Calculation of gas flowrate at STP, Qgyp

Qstr = Qpue X [(273 X Ppye)/(101.3 x (273 + Tpppe))]

Calculation of gas flow at reference conditions, Qg

Corrections
Qger = O X [273 + Tred/[273 + Tpuul Temperature
Ppuct/Pres Pressure
[100-H,0p,.,]/[100-H, 0] Water vapour
[20.9-04,,417120.9-0, ] Oxygen
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2.2.3 Water vapour measurements

CPL LABORATORIES MONITORING REPORT FORM
WATER VAPOUR (GRAVIMETRIC TECHNIQUE)

f—_— = =

Company Nationwide Crash Repair Centre Date 11-12/01/2006
Site Coventry Test Ref H,0 1,2
Sample point Booth 3 Prepared D Martschenko
Test carried out by D Martschenko, C Greenaway Checked G. Carroll
SAMPLING TIMES
"Determjnation 2 Jl 2 T
[[Time Start 13:57 09:05 |l
ITime End 14:27 09:37 "
SAMPLING CONDITIONS
—_ ———— — ]
"Determjnation 1 2
"Gas meter temperature (T,,.,) 'C 12 4
"Atmospheric pressure (P,.) kPa 102.1 102.4
[[Final meter reading m’[ 219.293 219.576
[linitial meter reading m'|  219.092 219.393
"Gas meter calibration factor 0.983 0.983
|Volume of gas sampled (VG,,..,) | 196.7 179.8
SAMPLE TUBE WEIGHTS
—
Determination 1 2
Tube
Final weight (M;) gl 1462 130.3
Initial weight (M;,) g| 1456 129.3
‘Weight gain (Mn—M“_= M,,) g 0.6 1.0
Sample gas volume at STP, VGgp
VGSTP = maeter X (273 X Palm)/(l{"'s X (273 + Tmeter))
"Determination 1 2 |
[Volume of gas sampled (VGgyp) I, STP|  190.1 1794 |l
Calculation of water vapour content in duct gas, C,
C, (Yo vol) = 100 x (M, x MVgrp+MWyp0)+HVGgrp + (M X MVgpp +MWyp50))
where MVgp is the ideal gas molecular volume at STP (i.e. 22.412 m‘llkgmole)
MWy, is the molecular weight of water (i.e. 18 kg/kgmole)
WATER VAPOUR MEASUREMENTS
"Delermination 1 2
"Water vapour content Yo,vol 0.4 0.7
"Mean water vapour content Yo,vol 0.5
[[Water vapour concentration kg/m’[  0.003 0.006
IlrMean water vapour concentration kg/m™f 0,004
2.2.4 Sampling measurements
Nationwide Crash Repair Centre, Coventry; 2006; Report 06/007 A (Spray Booth 3) Part 2. Page 9 of 15




CPL LABORATORIES MONITORING REPORT FORM

TOTAL PARTICULATE

Company Nationwide Crash Repair Centre Date 11-Jan-06

Site Coventry Test Ref TE1

Sample point Booth 3 Time Start 13:57

Test carried out by D Martschenko, C Greenaway Time End 14:27

Duct conditions

Dimension traversed by sampling probe (D) m 0.76 ‘\
|Cross sectional area of sampling plane (A) m’ 0.454 |
Duct gas conditions 1
Ambient temperature (T,.;) € 11

Average duct gas temperature (W) ° 32 }
Duct static gas pressure (B kPa 0.16

IBarometric pressure (Baro) kPa 102.0

Duct gas volume flowrate @ ref. conditions () m’/s 3.39

Gas compressibility correctiong) 0.995

(Wet gas specific gravity (sg) 0.99

Reference conditions

Actual Duct Flow Conditions Reference Conditions

Average temperature (Bu.) )¢ 32 Temperature (T °C| 0

Total pressure (B,.) kPa 102.2  |Pressure (P kPa 101.3

Oxygen (Qrpuci) % vol,dry| 20.9 Oxygen (Ghrer) % vol, dry 20.9

Water vapour (HOp,.) % vol 0.4 Water vapour (HOgg_;_) % voll 0.4

Sampling conditions

"Nozzle diameter (d) mm)| 3.99
[[initial gas meter reading m'[ 219092
"Final gas meter reading m'|  219.293
"Gas meter factor 0.983
[[Sampled volume (S¥ie.c) m|  0.197

Calculation of sample gas volume at reference conditions, S¥;

Svﬂer

SvMeter X

[273 + Tred/[273 + Thteted
Ppare/Pres
[100-H;Onteter]/[100-Hy O]
[20.9-05p,c1] /[20.9-Os

"Samp[ed volume @ ref. conditions (SVR

m[ 9192 |

Prepared by: D Martschenko
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CPL LABORATORIES MONITORING REPORT FORM

TOTAL PARTICULATE
Company Nationwide Crash Repair Centre Date 12-Jan-06
Site Coventry Test Ref TE2
Sample point Booth 3 Time Start 09:05
Test carried out by D Martschenko, C Greenaway Time End 09:37
Duct conditions
IIDimension traversed by sampling probe (D) m 0.76"
II(.'ross sectional area of sampling plane (A) m” 0.454“
Duct gas conditions
|Ambient temperature (T ,,,;,) *C| 4
|Average duct gas temperature (Tp,,) i 34
Duct static gas pressure (Pg,,) kPa 0.16
"Bnrumetric pressure (Pg,.,) kPa 102.3
Duct gas volume flowrate @ ref. conditions (Qy,) m'/s 339
(Gas compressibility correction (g) 0.995
'Wet gas specific gravity (sg) 0.99
Reference conditions
Actual Duct Flow Conditions Reference Conditions
Average temperature (Tp,.) i 34 Temperature (Ty,) °'C 0
Total pressure (Pp,) kPa 102.5  |Pressure (Pg.) kPa 101.3
(Oxygen (Ozpuc) % vol,dry 20.9 Oxygen (O % vol, dry 209
IIW'“" vapour (H;Opye) % vol 0.7 Water vapour (H;Og.) % vol 0.7
Sampling conditions
“Noule diameter (d) mm 4.0
|llnilial gas meter reading m'[ 219.393
HFinal gas meter reading m| 219.576
"Gas meter factor 0.983
[[Sampled volume (SVyye,) m[ 180
Calculation of sample gas volume at reference conditions, SV
Corrections
SVt = SVMeter X 1273 + Tred/1273 + Tateser Temperature
Pparo/Prer Pressure

[100-H;O et |/ [100-H, O]
120.9-03p,1/120.9-0 1]

"Samp]ed volume @ ref, conditions (SVR,)

T o180 ||

Prepared by: D Martschenko

Checked by:

Water vapour
Oxygen

G. Carroll
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Static pressure before gas meter 0 Pa Pitot 1.001
Water Vapour Concentration 0.00 kg/m3 factor
Moisture Content .5 %
MEASUREMENT OF TOTAL PARTICULATE
Test 1
[ Time Posn. Pitot Duct Duct Duct Meter Duct Baro Nozzle Iso. Actual |Volsampled reqd. Cum.
rdg. temp. Co2 02 temp. static press. dia. rate Mow m m' vol. dev.
Pa °C Yo Yo 2 Pa kPa mm V/min Vmin meter cum, m' Yo
(1] 2 30 31 0.0 20.9 10 160 102.0 3.99 5.0 4.9 219.092 0.000 0.000
4 4 62 3 0.0 20.9 10 160 102.0 3.99 1 71 219.112 0.020 0.020 -21
8 7 57 32 0.0 20.9 10 160 102.0 3.99 6.9 7.1 219.141 0.048 0.049 -1.4
12 9 42 32 0.0 20.9 10 160 102.0 3.99 59 6.0 219.169 0.077 0.076 0.4
16 2 35 3 0.0 20.9 11 160 102.0 3.99 54 5.5 219.193 0.101 0.100 0.8
20 4 68 32 0.0 20.9 11 160 102.0 3.99 75 7.5 219.215 0123 0.122 1.0
24 i 48 32 0.0 20.9 1 160 102.0 3.99 6.3 6.6 219.245 0.153 0.152 0.8
28 9 32 32 0.0 20.9 11 160 102.1 3.99 52 5.2 219.272 0.179 0.177 1.1
MASS OF PARTICULATES COLLECTED OVERALL BLANK
IFillcr no. INCR1 'Washing bottle no, “ ||Fiiter no. [INcr3 "
nFillzr + particulates, g 0.486| Washing filter + particulates, g _ﬂ" IlFiItef + particulates, g 0.4632"
|[Fiter, g 0.486) Washing filter, g of |Filter, g 0.4680][
[[Mass collected, g ofl [[Mass collected. g OI [Mass Change, g 0.0002]
[IProportionalised weight of
[Wwashing bottle no. I
|[[Total mass collected, g I ol |[Evaporating Basin + particulates, g o
IEvaporating Basin, g DH
|[Mass collected, g OI
CALCULATIONS
TOTAL FIELD BLANK g 0.0002
(Q juei)s Flow in the duct, at duct conditions, m's 3.6751
(Q,.0). Flow in the duct, at reference conditions, m'/s 3.3927
(M), Mass flow at duct conditions, kg/h Off
I[C). Concentration of particulate matter at reference conditions, mg/m” 0]
MEASUREMENT OF TOTAL PARTICULATE
Test 2
Time Posn. Pitot Duct Duct Duct Meter Duct Baro Nozzle Iso. Actual  |Vol.sampled reqd. Cum.
rdg. temp. co2 02 temp. static press, dia. rate flow m' m’ vol. dev.
Pa b & % Y% o Pa kPa mm /min I/min meter cum. m %
0 2 25 32 0.0 20.9 3 160 102.4 199 44 44 219.393 0.000 0.000
4 4 50 3 0.0 209 3 160 102.4 399 6.3 6.4 219.411 0.017 0.018 -1.6
8 ot 50 34 0.0 209 4 160 1023 399 6.3 6.3 219.436 0.043 0.043 0.4
12 9 40 34 0.0 20.9 4 160 1023 399 5.6 57 219.462 0.068 0.068 0.2
16 2 25 Kk 0.0 209 4 160 1023 399 45 45 219.484 0.091 0.091 0.3
20 4 55 34 0.0 209 4 160 102.3 399 6.6 6.8 219.502 0.109 0.108 0.5
24 o) 53 34 0.0 20.9 4 160 102.3 399 6.5 6.4 219.529 0.136 0.135 0.8
28 9 35 35 0.0 209 4 160 1024 399 53 53 219.558 0.161 0.161 0.5
MASS OF PARTICULATES COLLECTED OVERALL BLANK
[[Fitter no. nerz || Washing bottle no. If [IFitter no. NCR3 |l
[IFitter + particulates, ¢ 0.551]) Washing filter + particulates, g ofl IFilter + particulates, g 0.4682|
[[Filter, ¢ 0.551) Washing filter, g of [[Filter, g 0.468
lMsss collected, g I] IMass collected, g 0" IIMass Change, g 0.0002"
[Proportionalised weight 0]l
|washing bottie no. ]
l[Tonl mass collected, g l ijl lE porating Basin + parti g Oll
HEvapotah'ng Basin, g OI
[IMass collected, g ofl
CALCULATIONS
TOTAL FIELD BLANK g 0.0002
(Q yuc). Flow in the duct, at duct conditions, m’/s 3.6751
(Q,.). Flow in the duct, at reference conditions, m'/s 3.3927|
(M), Mass flow at duct conditions, kg/h
[(C). Concentration of particulate matter at reference conditions, mg/m’ u.l

(M), Mass flow at duct conditions, kg/h = C x Q duct x 0.0036

(C), Concentration of particulate matter at reference conditions, mgfm' =

Nationwide Crash Repair Centre, Coventry; 2006; Report 06/007 A (Spray Booth 3) Part 2.
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2.2.5 Manual monitoring method results calculations

Formula 1 - Determination of Moisture Content
Vo=Vn(273 + Tp).(Pp,+ 101.3)

% Ha0 = 100.(My, + 18) + [(V, = 22.412) + (M,, + 18)]

Where :

%H-0 - Moisture content of the gas sampled, %

My - Mass of water collected during the test, g

V, - Volume sampled at reference conditions, litres
Vi - Volume sampled at meter conditions, litres
Tat - Mean meter temperature during the test, K

P, - Mean meter conditions during test, kPa

Formula 2 - Determination of mean velocity

V =0.0753NTAh

Where

\% - Mean velocity during test, m/s

VT - Mean square root of temperatures before and after test, K

vh - Mean square root of pitot-static readings before and after test, Pa

Formula 3 - Volume flow rate of duct gases, at duct temperatures

Quey = V.A

Where

Qeauey - Volume flow rate of duct gases, m”/s

Vv - Mean velocity, m/s

A - Area of duct ( at the sampling plane), m’

Formula 4 - Volume flow rate of duct gases, specified reference conditions

Qo = Q(du{:l)-(Trcf+ Tducl)-(Pduct i Pref)[(loo = %HQO) o 100][(209 = Ozduct) o (209 o OErel)]

Where

G - Volume flow rate at reference conditions, and relative O, and moisture correction, m’/s
d i - reference Temperature, K

] it - Mean temperature across the duct, K

| L - Relative static pressure in the duct, kPa

Prer - Reference pressure, kPa

%H,0 - Water content, %

Ozquct - Oxygen content as measured during the test, %v/v

O - Relative Oxygen content for the process, %v/v
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2

2.6

Uncertainty calculations

Uncertainty calculation for EN 13284 Determination of low range mass concentration of dust, Manual Gravimetric Method

Test 1 Measurement Equation
R
Limit value 10|mg.m* uxygenl 209'% by volume pm
Measured concentration 0.52|mg.m” F
m
Measured Quantities Symbol Value Standard uncertainty Units percentage limit value standard
Sampled Volume V. 0.192 uv, 0.002]m" 1.04 <=2%
Sampled gas Temperature T 305 uTm 1]k 0.33 <=1%
Sampled gas Pressure Do 101.84 ﬁ{i 0.1]kPa 0.10 <=1%
Sampled gas Humidity Hy 0.4 ul,, 0.15|% by volume 37.50 <=1%
Oxygen content 0, 20.9] u0s .| 0|% by volume 0.00 <=5%
Mass particulate m| 0.1 um 0.2|mg 200.00 10.40 <5% of limit value
Note - Sampled gas humidity, temperature and pressure are values at the gas meter
Leak L 2 % 2.00 <=2%
Uncollected Mass ucMm 0 mg 0.00 <=10%
Intermediate calculations
Factor for std conds fs 0.90
uncertainty components symbol  sensitivity coeff u (in units of fs)
Pm 0.009 0.001
Ha 0.009 0.001
Tus 0.003 0.003
ufs 0.003 ;i
Corrected volume v 0.17 uV 0.002 M F=Vals 1.22
Factor for O2 correction fe 1.00 -0
uncertainty components symbol  sensitivity coeff u f. == e
0,, 10.00 0.000 ¢ 2-0,,
Factor for 02 Correction ufc 1.00 0.000 0.00
ens
Parameter Uncertainty, i Value Units coeff Uncertainty in Result Uncertainty as %
Volume(standard conditions) V 017 m° 3.02 0.01 mg.m* 122 %
Mass m 0.10 mg 520 1.04 mg.m*® 200.00
Factor for O2 Correction fc 1.00 0.52 0.00 mg.m™ 0.00 %
Leak L 0.01 mg.m* 1.00 0.01 mg.m”
Uncollected mass UCM 0.00 mg 5.20 0.00 mg.m*
Combined uncertainty 1.04 mgm"
Expanded uncertainty “p:g:\::‘e :::h:' !l;esv.zl of
" expressed with a level of
EREI confidence of 95%
Test 2 Measurement Equation
Referenc m
Limit value 10|mg.m” oxygenl zo.gl% by volume c=—1f.
Measured concentration 0.56|mg.m” i
Uncertainty as _Uncertainty at Requirement of
Measured Quantities Symbol Value Standard uncertainty Units percentage limit value standard
Sampled Volume Vol 0.18 uv, 0.002]m’ 1.11 <=2%
Sampled gas Temperature Ta 307 uTm 1]k 0.33 <=1%
Sampled gas Pressure P 102.14 Py, 0.1|kPa 0.10 <=1%
Sampled gas Humidity Hu 0.7 uH,, 0.15|% by volume 2143 <=1%
Oxygen content Oy 209 u0; 0|% by volume 0.00 <=5%
Mass particulate m 0.1 um 0.2|mg 200.00 11.20 <5% of limit value
Note - Sampled gas humidity, temperature and pressure are values at the gas meter
Leak L 2 % 2.00 <=2%
Uncollected Mass ucM 0 mg 0.00 <=10%
Intermediate calculations
Factor for std conds fs 0.89
uncertainty components symbol  sensitivity coeff u (in units of fs)
P 0.009 0.001
Hg 0.009 0.001
Lok 0.003 0.003
ufs 0.003
Corrected volume v 0.16 uV 0.002 m° S i 130
Factor for O2 correction fe 1.00 2-0
uncertainty components symbol  sensitivity coeff u F Ll
Ozm 10.00 0.000 21-0,,
Factor for O2 Correction ufc 1.00 0.000 0.00]
Sensiivity
Parameter Uncertainty, Value Units coeff Uncertainty in Result Uncertainty as %
\Volume(standard conditions) V 0.16 m* 3.49 0.01 mgm"1 1.30 %
Mass m 0.10 mg 5.60 112 mg.m® 200.00
Factor for O2 Correction fc 1.00 0.56 0.00 mg.m'3 0.00 %
Leak L 0.01 mgm” 1.00 0.01 mg.m*
Uncollected mass ___ UCM 0.00 mg 5.60 0.00 mg.m”
Combined uncertainty 1.12 mgm"

Expanded uncertainty

Expanded uncertainty

expressed with a level of
confidence of 95%

expressed with a level of
confidence of 95%

| sovarn
2.zgmg-m"
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Appendix 3

Stack: Spray Booth 3
Equipment Value No X
Nozzle: internal diameter >6 mm X
Nozzle: uncertainty of area at nozzle entry 0% o
Nozzle: length with constant internal diameter >10 mm o
Nozzle: change in diameter angle <30° v
Nozzle: radius of the bend >1.5 times internal diameter v
Nozzle: straight length before the first bend >3() mm v
Filter holder: distance to obstacles >50mm o
Filter:
Efficiency on test aerosol of 0.3 pm >99.5 % v
Efficiency on test aerosol of 0.6 um >99.9% /
Rilier: fitee matecial No reaction and no absorption £
of the components

Condenser, drying tower: residual gas moisture <10 gr/m’ ¥
Gas meter: :
Uncertainty of gas volume <2% v
Uncertainty of absolute pressure % ¥
Uncertainty of absolute temperature 4 % v
Angle of the nozzle with regard to gas flow Isokinetic v
rate <10°
Isokinetic rate 95% to 115% ¥
Leak rate <2% ¥
Balance resolution 0.01 mg to 0.1 mg v
Weighing uncertainties <5%ofthe LV a X
Weighing: temperature equilibrium duration 4h to 12h ¥
Overall blank value <10%of the LV a v
Sampling location
Duct gas flow: angle with regard to duct access it v
Duct gas flow: negative velocity not permitted v
Duct gas flow: differential pressure at Pitot tube >5Pa il
Duct gas flow: ratio of max. to min. velocity <3:1 v

_ : > 5 hydraulic diameters v
Straight length before the sampling plane (recommended)

) . > 2 hydraulic diameters X
Straight length after the sampling plane (recommended)

! el . > 5 hydraulic diameters X
Straight length before emission point (recommended)
Correct number of sampling points for standard? v
Flue Gas Characteristics
Flue gas density: uncertainty 0.05 kg/rn’ v
LV*: Limit Value set for the process mg/m’ 10

---0000000---
End of Report
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