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SUMMARY

Sarginsons Precision Components placed a contract with Bureau Veritas to undertake an assessment of
emissions to atmosphere of particulate species fro lantJocated at their Coventry site.
Measurements were made in the exhausts serving tife wet and-dry arrestorsjon the 22 May 2008.

The following results were obtained for the required deterntinands:

Monitoring Results

Summary of Measurements of Particulate Releases
Permitted Releases — Wet Arrestor

22 May 2008

Determinand Reported  Date Time  Time Concentration Fmission

as Start  End Limit Value

| Total particulate matter TPM 22.5.08 1150 1257 4 = 4 mg/m’ f 50 ;
7
Permitted Releases — Dry Arrestor k_/
22 May 2008

Determinand Reported Date  Time Time Concentration Fmission
as Start  End Limit Value

Total particulate matter

All determinands reported above are expressed at plant reference conditions of 273 K tempera&’e&nd/
101.3 kPa pressure (Standard Temperature & Pressure (STP)) in a wet gas with no correction for oxygen
content.

All measurements reported above are UKAS accredited to the MCERTS performance standard.

—

:

I

i
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Monitoring Methods & Acereditation

Sampling Methodology and Accreditation

Sampling Methods
Determinand Sampling method Procedure
Nu.
TPM BS EN 13284-1 using EPA 5-type equipment
Velocity BS EN 13284-1 using a Pitot static tube 143
0, BS EN 14789 (zirconium cell analyser) IEM 2
H,0 BS EN 14790 160

Summary of Analytical Methods

TPM Gravimetric determination Bureau Veritas
H,0 Gravimetric determination Bureau Veritas

A description of the sampling and analytical methods employed in the execution of the measurements
reported herein is presented above. All sampling and associated analytical activities were undertaken

by Bureau Veritas.

Summary of UKAS and MCERTs Compliance

Determinand Sampling Analysis

UKAS MCERTS UKAS MCERTs
Accereditation Compliant Accereditation Compliant
TPM 1296 v 1296 v
Velocity 1296 v not applicable
0, 1296 v 1296 v
H,O 1296 v 1296 v

Sarginsons Precision Components
Coventry

VEHKITAS
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Plant Operating Information

Exhaust Gas Measurements and Plant Operating Conditions

Wet Arrestor Exhaust
Date 22 May 2008
Exhaust gas characterisation information
Test WFLI WFL2
Time start 1004 1428
Time end 1018 1439
Velocity m/'s 12.1 12.2
Temperature °C 22 22
Flow m>/s, ref cond. 3.30 3.32

Il Oxygen %, viv, dry 20.9

Water vapour % viv 1.4

Dry Arrestor Exhaust

22 May 2008

Exhaust gas characterisation information

Test DFL1 DFL2
Time start 1240 1528
Time end 1252 1539
Velocity m's 11.7 11.6
Temperature °C 28 27
Flow m’/s, ref cond. 8.33 8.34
Oxygen %, vlv, dry 20.9

Water vapour % viv 1.3

The plant served by the dry and wet arrestors were operating normally during the periods of
sampling.

e—

%ﬁ} Sarginsons Precision Components
Coventry
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1. INTRODUCTION
Sarginsons Precision Components placed a contract with Bureau Veritas to undertake an

assessment of emissions to atmosphere of particulate species from arrestment plant exhausts at
their Coventry site. Measurements were made at the following release points:

e  Wet Arrestor exhaust
e Dry Arrestor exhaust

Measurements were made on the 22 May 2008. This report describes the test work undertaken.
The on-site testing of ducted emissions of gaseous and particulate species by Bureau Veritas is
covered by accreditation by the United Kingdom Accreditation Service (UKAS) under UKAS
Testing Laboratory No. 1296. Section 3.3 and Table 4c specify the measurements that are
within the scope of this accreditation.
The results of the measurements made are summarised in Tables 1a and 1b.

2. TEST PROGRAMME AND OBJECTIVES
The overall objective of this test programme was to provide measurements of releases to
atmosphere of particulate species from two release points as part of Sarginson’s obligations
with regard to routine monitoring of releases to atmosphere.
Sarginsons Precision Components requested that the following determinands be measured:

1. Total particulate matter (TPM)

In addition, measurements of the following determinands were made to enable correction of
measured concentrations of the above determinands to plant reference conditions:

2. Oxygen (O,)
3. Water vapour (H,0)

It was also requested that flow measurements (exhaust gas velocity and temperature) be
undertaken during each sampling period as appropriate.

All of the above determinands were measured at the exhausts of the wet and dry arrestors.
Tables 2a and 2b summarise the test schedule.
Tables 3, 4a, 4b and 4¢ summarise the methods and resources employed in the execution of
these measurements and their accreditation status with regard to UKAS and MCERTs.

3. METHODS OF MEASUREMENT

The methodology employed for the measurement of selected releases to atmosphere was agreed
with Sarginsons Precision Components.

Sarginsons Precision Components
Coventry

ENEII
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3.1  Measurements of Releases to Atmosphere

Sampling for total particulate matter was undertaken in accordance with the
requirements of BS EN 13284-1"" using United States Environmental Protection
Agency (US EPA) Method 5-type sampling equipment. One determination was
undertaken at each release point, each over a sampling period of around 60 minutes.

The waste gas concentration of oxygen was measured using a continuous zirconium
cell oxygen analyser in accordance with BS EN 14789,

Measurements of the waste gas water vapour content were undertaken using a
gravimetric technique in accordance with BS EN 14790, One determination of water
vapour was made at each release point. The result of the measurement was used to
correct other, corresponding measurements, where appropriate, to plant reference
conditions.

Measurements of the exhaust gas conditions (i.e. exhaust gas velocity and temperature)
were undertaken at the beginning and end of testing at each point, and during testing, as
appropriate. Measurement of the exhaust gas temperature was undertaken using a type
K thermocouple and digital temperature indicator. Measurements of the exhaust gas
velocity were made using an ellipsoidal (‘L’ type) Pitot static tube in conjunction with
an inclined liquid manometer. Temperature and velocity traverses were undertaken as
specified within BS EN 13284-1¢",

Tables 4a and 4b present a summary of the sampling and analysis methodology
employed in the measurements described above.

3.2 Sampling Locations

At the sampling location associated with the wet arrestor exhaust, the sampling plane
is of square cross section, of depth 0.55 m and sampling plane area 0.30 m’. 2 off 4”
BSP sockets (A & B) are available for sampling access.

BS EN 13284-1'" requires that sampling be undertaken at a minimum of 4 points over a
minimum of two sample lines for this geometry of sampling plane. Sampling for
particulate matter was undertaken at two points on each of the two available lines in
accordance with the requirements of the standard.

Sampling locations at the wet arrestor exhaust

Determinand Sampling Sampling positions on line
Soclet (traction of depth, D)
TPM A&B 0.25,0.75
Oxygen A 0.5
Water vapour A&B 0.25,0.75
Flow A&B 0.05, 0.15, 0.25, 0.35, 0.45, 0.55, 0.65,
0.75, 0.85 & 0.95
v% Sarginsons Precision Components
Coventry

VEHITAS
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33

At the dry arrestor exhaust, the sampling plane is of square cross section, of depth
0.90 m and sampling plane area 0.81 m’. 2 off 4" BSP sockets (A & B) are available
for sampling access.

BS EN 13284-1"” requires that sampling be undertaken at a minimum of 4 points over a
minimum of two sample lines for this geometry of sampling plane. Due to the presence
of baffles just below the sampling socket there was little indication of flow along line
B. As such all sampling was restricted to the sampling line accessible through socket A.

Sampling for particulate matter was undertaken at eight points along line A. This does

not comply with the requirements of the standard.
T T

i T

[
Sampling locations at the dry arrestor exhaust

Determinand Sampling Sampling positions on line

Socket (fraction of depth, 1))

TPM A 0.063, 0.188, 0.313, 0.438, 0.563,
0.688, 0.813, 0.938
Oxygen A 0.5
Water vapour A 0.063, 0.188, 0.313, 0.438, 0.563,
0.688, 0.813, 0.938
Flow A 0.05, 0.15, 0.25, 0.35, 0.45, 0.55, 0.65,
0.75, 0.85 & 0.95

Accreditation of Measurements

The accreditation status of the measurements made under the UKAS scheme is
summarised in Table 4c. Table 4c also summarises the MCERTSs compliance status of
the methodology employed.

All sampling and associated analytical activities were undertaken by Bureau Veritas.

All measurements are UKAS accredited to the MCERTSs performance standard.

RELEASES TO ATMOSPHERE

The resuits of the measurements made are summarised in Tables la and 1b and are reported in
detail in the monitoring report forms (see Contents). In these tables measurements are reported
at plant reference conditions of 273K temperature and 101.3 kPa pressure (Standard
Temperature and Pressure (STP)) in a wet gas with no correction for oxygen content.

These tables also provide estimates of the discharge rate of each determinand and the
measurement uncertainty expressed on a 95% confidence limit basis. It should be noted that
discharge rates for all determinands are based on the volume flow rates measured at the
beginning of testing.

Sarginsons Precision Components
Coventry
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Full details of all measurements made are presented in the monitoring report forms at the end of
this report. Each determination has been given a unique reference number comprising up to
three elements e.g. WFLI

Plant Determinand Determination No.
w FL 1
Wet arrestor Flow Determination 1

WTPM and DTPM summarise the results of the measurements of total particulate matter at the
wet arrestor and dry arrestor exhaust respectively. One determination was undertaken at each
point. The result of each measurement is presented, together with the corresponding discharge
rate.

WFLI and 2 and DFL1 and 2 summarise the measurements of duct gas conditions (i.e.
temperature, velocity and flow) made at the wet arrestor and dry arrestor exhausts respectively.
Measurements were made at the beginning and end of testing and during testing as
appropriate.

RESULTS AND DISCUSSION

In the following discussion the compliance of the measurements with the requirements of the
relevant standards is discussed, along with any issues affecting the representativeness of the
measurements made. All emissions of particulate species are presented as a concentration at the
applicable plant reference conditions unless otherwise stated.

5.1 Emissions from the wet arrestor exhaust

The results of the measurements made at the wet arrestor exhaust are summarised in
Table 1a.

The measurement for total particulate matter complied fully with the main procedural
requirements of BS EN 13284-1",

5.2 Emissions from the dry arrestor exhaust

The results of the measurements made at the dry arrestor exhaust are summarised in
Table 1b.

g, As discussed in Section 3.2, the sampling positions employed did not comply fully with
BS EN 13284-1".

With the exception of the failure to comply meet the sampling position requirements of
BS 13284-1" the measurement for total particulate matter complied with the main
procedural requirements of the standard.

'/\i‘/ It is not considered that the noted non-compliances had a significant impact on the
representativeness of the measurements made. In all cases uncertainties have been

|

Sarginsons Precision Components

Coventry
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adjusted, where appropriate, to take into account deviations from the requirements of
the standard methods.

6. REFERENCES

1. BS EN 13284-1, ‘Stationary source emissions — Determination of low range mass
concentration of dust — Part 1: Manual gravimetric method’, 2002,

2. BS EN 14789:2005 - ‘Stationary source emissions - Determination of volume
concentration of oxygen (O,) — Reference method: Paramagnetism’, 16 January 2006

3. BS EN 14790:2005 - ‘Stationary source emissions - Determination of the water vapour in
ducts’, 16 January 2006

Sarginsons Precision Components

Coventry
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TABLE 1a
Summary of Measurements of Particulate Releases

Wet arrestor exhaust — 22 May 2008

Determinand Reported as Test Concentration Release
No. lig/h
(W)
Total particulate matter TPM TPM 4 + 4 mg/m’ 0.04
Notes to Table 1a:
1. Waste gas concentrations are expressed at the standard reference conditions for this plant of

STP in a wet gas with no correction for oxygen content. The measured average oxygen and
water vapour contents on the 22 May 2008 were:

Oxygen % by volume, dry 20.9

Water vapour % by volume 1.4

These values have been employed to correct the measurements of required determinands to
plant reference conditions.

2, Uncertainty is the likely range of the true value around the measured value and is determined in
accordance with Internal Procedure 55 and the relevant uncertainty policies. These procedures
follow the guidance in BS EN ISO 14956:2002 and ENV 13005 (GUM). For all determinands
the uncertainty is expressed in the measurement units on a 95% confidence limit basis.

3. The reported concentration of oxygen is the arithmetic mean of all spot measurements made
during the sampling period. The reported concentration of water vapour is the result of a
single determination.

4, The measured exhaust gas conditions on each day of testing were:

22 May 2008
WFLI1 WFEIL2
Time start 1004 1428
Time end 1018 1439
Velocity m/s 12.1 12.2
Temperature °C 22 22
Flow m’/s, ref cond. 3.30 3.32

The above values have been used in the calculation of the discharge rates of measured
determinands (see monitoring report forms).

Sarginsons Precision Components
Coventry
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TABLE 1b
Summary of Measurements of Particulate Releases

Dry arrestor exhaust — 22 May 2008

beterminand Reported as Test Concentration Release
No. kg/h

(D)
Total particulate matter TPM TPM 6 + 2 mg/m’ 0.17

Notes to Table 1b:

1. Waste gas concentrations are expressed at the standard reference conditions for this plant of
STP in a wet gas with no correction for oxygen content. The measured average oxygen and
water vapour contents on the 22 May 2008 were:

Date 22 May 2008
Oxygen % by volume, dry 20.9
Water vapour % by volume 1.3

These values have been employed to correct the measurements of required determinands to
plant reference conditions.

2. Uncertainty is the likely range of the true value around the measured value and is determined in
accordance with Internal Procedure 55 and the relevant uncertainty policies. These procedures
follow the guidance in BS EN ISO 14956:2002 and ENV 13005 (GUM). For all determinands
the uncertainty is expressed in the measurement units on a 95% confidence limit basis.

3. The reported concentration of oxygen is the arithmetic mean of all spot measurements made
during the sampling period. The reported concentration of water vapour is the result of a

single determination.

4, The measured exhaust gas conditions on each day of testing were:

Date 22 May 2008
Test DFL.1 DFL2
Time start 1240 1528
Time end 1252 1539
Velocity m's 11.7 11.6
Temperature °C 28 27
Flow m’/s, ref cond. 8.33 8.34

The above values have been used in the calculation of the discharge rates of measured
determinands (see monitoring report forms).

‘aéﬁs_ |

Sarginsons Precision Components

Coventry
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TABLE 2a

Test Programme - Wet arrestor exhaust

Determinand Determination Duration
No. Cade (min)

22 May 2008

Total particulate matter 1 WTPM 1150 1257 60
Water vapour 1 WH20 1150 1257 60
Oxygen 1 - 1150 1257 60
Flow 1 WFLI1 1004 1018 14
Flow 2 WFL2 1428 1439 1!

TABLE 2b

Test Programme — Dry arrestor exhaust

Determinand Determination Time Duration

No. Code {min)
22 May 2008
Total particulate matter 1 DTPM 1400 1504 64
Water vapour 1 DH20 1400 1504 64
Oxygen 1 - 1400 1504 64
Flow 1 DFLI 1240 1252 12
Flow 2 DFL2 1528 1539 11

1. The sampling time is the period over which the measurements were undertaken. The
sampling duration is the actual period during the sampling time, for which the ducted gases
were sampled.

@ Sarginsons Precision Components

(DA Coventry
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TABLE 3
Summary of UKAS and MCERTSs Compliance - Staff Competency

Manager N Ford 02084 2 VI ivi]ivi]Y
Team leader M Davies 02087 2 vi]ivi]iv|Y
Team leader J Ward 02080 2 viviv]vY
Technician T Davies 07900 Trainee
1. The qualifications, under the MCERTS scheme, of ail staff involved in the execution of the

work reported herein are presented above.

Sarginsons Precision Components

Coventry
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TABLE 4a

Summary of Sampling Methods

Determinand Sampling method Procedure

No,
TPM BS EN 13284-1 using EPA 5-type equipment
Velocity BS EN 13284-1 using a Pitot static tube 143
0, BS EN 14789 (zirconium cell analyser) IEM2
H,O BS EN 14790 160
TABLE 4b

Summary of Analytical Methods

Determinand Analytical method Aunalysis house

TPM Gravimetric determination Bureau Veritas
H.0 Gravimetric determination Burcau Veritas
1. A description of the sampling and analytical methods employed in the execution of the

measurements reported herein is presented above. All sampling and associated analytical
activities were undertaken by Bureau Veritas.

TABLE 4c

Summary of UKAS and MCERTs Compliance - Sampling and Analytical Methods

Determinand Sampling Analysis
UKAS MCERTYS UKAS MCERTs
Accreditation Compliant Accereditation Compliant

TPM 1296 v 1296 v
Velocity 1296 v not applicable
0, 1296 v 1296 v
H,0 1296 v 1296 v

1. The above table provides details of the UKAS accreditation status and compliance with

the requirements of MCERTS for the work reported herein.
2. Where an activity is UKAS accredited the accreditation number of the laboratory is

provided. Where an activity is not accredited this is marked as ‘not accredited’. Where a
measurement has a sampling and an analytical component, UKAS accreditation only
applies if both activities are accredited.

3. An activity is determined to comply with the requirements of MCERTSs where the
laboratories involved have UKAS accreditation to the MCERTs performance standard
for the method employed.

Sarginsons Precision Components
Coventry
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BUREAU VERITAS MONITORING REPORT FORM
PITOT TRAVERSE (RECTANGULAR DUCT) - BS EN 13284:2002

Company Sarginsons Precision Components Date
Site Coventry Test Refl
Sample point Wet Arrestor exhaust Time Start
Test carried out by J Ward & T Davies Time End
DUCT CONDITIONS
"apth traversed by sampling probe (D) m 055“
||Wld|h of sampling plane m 055"
“Cross sectional area of sampling plane (A) m’ 0.3025"

MOLECULAR WEIGHT & DENSITY DETERMINATION

Duct gas conditions

[Ambient temperature °Cl 18.00
||Dnct static gas pressure kPa 0.03
"Avcrnge duct gas temperature (Tduct) °Cl  22.00
“Bnromelrlc pressure kPal  98.60

Calculation of molecular weight from assumed gas compeosition

Gas Vol% Vol% Dry Mol Wt | Wet Mol Wt
Dry gas Wet gas g/gmole g/gmole

CO, 0.00 0.00 0.00 0.00
0, 20,90 20.60 6.69 6.59
cO 0.00 0.00 0.00 0.00
N, 79.10 77.96 22.18 21,83
H,0 1.44 ———— 0.26
Total 28.84 28.68

Calculation of dry and wet gas density from molecular weight results

22-May-08

WFL1/080507

1004

[IDry density kg/m’ 129  Jatstp
[wet density kp/m’ 128 |(0°C & 1013 kPa) “
lipry density kg/m’ 1.16 At Duct Couditions
Wet density (p,) kg/m’ 115 |(see above) "
Wet specific gravity (sg) 09 |

VERITAS

Sarginsons Precision Components

Coventry



Report No. 0545/080507 Page 19 of 42
Permit No. PPC/020 Revision 0

PITOT TRAVERSE

Details of measurement equipment and supplementary measurements

Iﬁlanometcr calibration temperature *C] 20.7
[[Ambient temperature C| 18
[Scale factor 0.1
[[Pitot type ('L’ or 'S’ type) L
|[Pitot calibration factor 0.99
|[Pitot reference No. P863
[Manometer reference No. P216
[Thermocouple reference No. P1204
imer reference No. P1153
IBarometric gauge reference No. P222
IAngle of gas flow less than 1577 Yes
[Temperature correction factor 0.00257
Measurements and calculation of duct gas velocity
T Traverse Port Dotance Trom made | Scale PO | Diflereatial | Temperatare Gas
Point wall of duct Reading Pressure (T,) ¥h Velocity
{fraction of D) b) V)
kPa Pa |9 mis
1 A 0.05 0.67 65.84 22 8.11 10,63
2 A 0.18 0.84 82.54 22 9.09 11.90
3 A 0.28 033 3243 22 5.69 746
4 A 035 0.18 17.69 22 4.21 5.51
S A 0.4% 0.21 20.63 22 4.54 5.95
6 A 0.88 0.26 2555 22 5.08 6.62
7 A 0.6% 033 3243 22 5.69 1.46
8 A 0.78 0.57 56.01 22 7.48 $.80
9 A 0.8% 0.87 8549 22 9228 1211
10 A 0.95 1.46 143.46 2 11,98 15.69
1 B 0.05 127 124.79 22 11.17 14.63
12 B 0.18 1.51 14837 2 1218 15.96
13 B 028 1.44 141.50 2 11.90 15.58
14 B 035 1.52 149.36 2 1222 16.01
15 B 045 138 135.60 2 11.64 15.26
16 B 0.55 129 126.76 2 11.26 14.78
17 B 0.6 1.1 109.07 22 10.44 13.68
18 B 0,78 1.40 137.57 2 11.73 1837
19 B 0.85 118 113.00 22 10.63 13.93
20 B 0.95 1.08 106.12 22 1030 13.50
oo { Yoy |
[Averages 22.00 9.23

Sarginsons Precision Components
Coventry

EXEETY
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CALCULATION OF VELOCITY & FLOW RATE
Voua = Ky 1 {1+ 8) 3 ¥/, , ¥h (Referente BS 1042:Section 2.1:1583 (1SO 3966). pages 3&9)

where Voua ™ gas velocity at sampling point (ev/s)

Ky pitot calibration factor (dimensionless)

lgm compressibility correction (assurned constant a1 0.995)

o wet gas density under duct conditions (kg/m')

he differential pressure {(Pa)
Average gns velocity (Vo) = I 12.09 + 1.23 Im/:
Average volume flowrate (Qpu) = Voun X A

= I 366 =+ 039 [

Conversion of actual duct gas flow to reference conditions

Actual Duct Flow Conditions | Referente Conditions
Averape temperature (Tp, ) ] 2200 l‘l‘ienpenmn Tp.d '] ¢o0
stal pressure (Pry. ) kPa| 9863 lPressure (P kPal 10130
WM %voldn] 2050 [Ouygen (00 %vol.dry] 2050
ster vapour (H,0n,) % vol 1,44  |Water vapour (H,05,3 % vol 1.44
R ——

Calculation of gas flowrate at STP, Qgyr

Qurp * Qpua 1 {273 3 P (1013 1 (273 4 Tou]

Qer = I 530 &+ o035 |u's

Caleulation of ﬁu flow at reference conditions, Qg,¢

Corrections
Qe - Qpen t 1293 ¢ TR d1273 + Tond Temperatare
PoeedPrst Pressure
[100-31,00,,171100-H,04.4 Water vapour
(20.9-0,,,,,,1120.9-05.4 Ozygen
QRef = I 530+ o035 Ju's
Measurements from other tests
[Determinand JTest Reference
1ygen Spot measurements
Water vapour WH20/080507
Uacertainty Calculation Parameters
tandard unceriainty for pressure measurement (U12) 8.0%
1andard uncertainty for Pitot coeflicient (U13) 1.0 %
tandard uncertainty for density estimate {U13) 1.0 %
tandard uncertainty for linear measurement (Ul4d) 1.0 %
Uncertainty budget
% 5.00
% 1,60
%) 1.00
%) 5.20
Usss) %] 10.18
% 1.00
%! 5.39
Flow rate at 95% confidence interval (U, %] 1055

Based on Procedure S5 and Uncertainty Policies 13 & 14
(in sccordance whh requirements of BS EN ISO 14956:2002 and ENV 13005 (GUM))

U.=‘Jm,“*-m"+m:
U= 1.96x U,

Ve VU + 2m)

Ups, = 196 x Uy

Prepared by: M Davies Cheched by: N Ford

Sarginsons Precision Components
Coventry
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BUREAU VERITAS MONITORING REPORT FORM
PITOT TRAVERSE (RECTANGULAR DUCT) - BS EN 13284:2002

Company Sarginsons Precision Components Date 22-Mpy-08
Site Coventry Test Ref WFL2/080507
Sample point Wet Arrestor exhaust Time Stort 1428
Test carried out by J Ward & T Davics Time End 1439
DUCT CONDITIONS

"l)eplh traversed by sampling probe (D) m 055"

"Wlﬂ(h of snmpling plane m ogll

IICmss sectional aren of sampling plane (A) "'1] 0.3025"

MOLECULAR WEIGﬂT & DENSITY DETERMINATION

Duct gas conditions

l[Ambient temperature °C|  18.00
lDuct static gas pressure kPa 0.03
[Avernge duct gas temperature (Fduct) °C|  22.00
|Bnmmelric pressure kPa| 98.60

Calculation of molecular weight from assumed gas composition

Gas Yol% Vol% Dry Mol Wt | Wet Mol Wt
Dry gas Wet gas g/gmole g/gmole

CO, 0.00 0.00 0.00 0.00
0, 2090 20.60 6.69 6.59
CO 0.00 0.00 0.00 0.00
N, 79.10 77.96 22.18 21.83
n,0 1.44 —_— 0.26
Total 28.84 28,68

Calculation of dry and wet gas density from molecular weight results

[lory density kg/m’ 1.29  |assTp

[wet density kp/m’ 128 |(0°C & 101.3 kPa) ||
[Dry density kg/m’ 1.16  |At Duct Conditions

[Wet density (p,) kg/m’ 11§ (see above) ||
[Wet specific gravity (sg) 0.99

VERIFAG
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PITOT TRAVERSE
Details of measurement equipment and supplementary measurements
“f\lauomtter calibration tempersture C| 20.7
{[Ambient temperature *C] 18
[ISeale factor 0.1
|Pitot type ('L’ or 'S* type) L
|[Pitot calibration factor 0.99
||Pitot reference No. P863
[Manometer reference No. P216
[Thermocouple reference No. P1204
[Timer reference No. P1153
Barometric gauge reference No. P222
IAngle of gas flaw less than 15°? Yes
[Temperature correction factor 0.00257 |
Measurements and calculation of duct gas velocity
—Treverse [ Forl | DBlance lvom made | Scale PNt | Dillereatial | Temperatuve] | Gad |
Paint wall of duet Reading Pressure (T) yh Velocity
{fraciion of D) (L] )
kPa Pa U m/s
1 A 0.08 0.58 £4,04 22 738 9.63
2 A 0.18 0.94 92.37 22 9.61 12.59
3 A 0.25 0.28 27.51 22 5.25 6.87
4 A 038 0.20 19.68 22 4.43 $.81
s A 0.48 0.24 23.58 22 4.86 636
6 A 0.58 035 3439 22 5.86 7.68
? A 0.65 038 3734 22 6.11 8.01
8 A 0.78 0.68 66,82 22 8.17 10.71
9 A 0.8% 098 9335 22 9.66 12.66
10 A 0.95 1.42 139.53 22 11.81 15.47
1 B 0.05 1.30 127.74 22 11.30 14.81
12 B 0.18 1.64 161.18 22 12.69 16,63
13 B 0.25 1.42 139.53 22 11.81 15.47
14 B 038 1.51 14837 22 12.18 18.96
15 B 04dS 1.32 1297 22 11.39 14.92
16 B 0.58 118 115.95 22 10.77 14.11
17 B 0.68 121 118,90 22 10.90 14.28
18 B 0.78 1.30 127.74 22 1130 14.81
19 B 0.88 1.10 108.09 22 10.40 13.62
20 0.98 1.00 98.26 22 9.91 12,99
Tpye | Vhous
Averages 22.00 9.29

DUREAU
VERITAS
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CALCULATION OF VELOCITY & FLOW RATE

Vina = Ky 1 (1- )  ¥2/p, , ¥h (Reference BS 1042:Section 2.1:1983 (IS0 3966), pages 8&5)

Jovs

where Viwn = gas velocity at sampling point (nvs)
K.~= pito3 calibration factor (dimensicnless)
law compressibility correction (assumed constant at 0.99%5)
P wet gas density under dusct conditions (kg/m’)
h= diflerentis! pressure (Pa)
Average gas velocity (Vpyu) = l 1217 E 1.24
Average volume flowrate (Qpoy) = Vpau XA
= I 368 + o039 [u's

Conversion of actual duct gas flow to reference conditions

ctoal Ducy Flow Cenditi Reference Cenditions

TAverage temperature Tpe) *C| [Tempesature (Te.)

q

0.00

Pressure (Pp.d

[Total pressure (Ppye)

kPa] 10130

=
%o voldry|

O1ygen (0,0

%voldry] 1050

%% vel]

Water vapour {(H,0pe) 'Water vapoue (H,O.-,’a

%% vol] 14

Calculation of gas flowrate at STP, Qerp

Qstr = Qe 3 H273 1 P (1013 3 (273 + T )]

Qrr = I 332 &+ o3

J

Caleulation of gas flow at reference conditions, Qg,.¢

[273+ Tp 1273+ Ty
Poec/Pru
1100-H,05,, {1 00-11,00.4
120.9-0;5,1/120.9-0 s,

Quus -

Quua X

Cosrections
Temperature
Pressure
Water vapour
Oxygen

QRef = I 332 &+ o03s

s

Measurements from other tests

“Dcurminmd

l[e_l! Reference

1ygen ISpot measurements

Water vapour |wiz0/080807

Uncertainty Calculation Parameters

tandard unceriainty for pressure measurement (U12)
tandard uncertainty for Pitot coeflicient (U13)
tsadard uncertainty for density estimate (U13)
1andard uncerizinty for linear measurement (U14)

50%
1.0 %
1.0%
1.0 %

Uncertainty budget

KUncertainties

$.00

Tessure measurement (m,)

Pitol coefTicicient (my) 1.00

1.00

$.20

ota) for velocity measurement (U.)
10.18

[Velocity at 95% confidence interval (Uow)
1.00

near measurement (my) Yol |
otal for flowrate measurement (Ug k) 539
low rate st 95% confidence interval (l.‘;) *%| 1055

Based oo Procedure 55 and Uncertainty Policies 13 & 14
(in d with requi

U.=\lm‘,x'Hn."ﬂn,x
Uns=1.96x U,
U=YU2 +2m}

Upse = 1.96 3 Ug

Prepared by: M Davies Checked by:

of BS EN 1SO 14956:2002 and ENV 13005 (GUM))

N Ford

VERITAS
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BUREAU VERITAS MONITORING REPORT FORM
WATER VAPOUR DETERMINATION to BS EN 14790:2005

Company Sargl Precision Comp t Tost Ref WH20/080507
Site Coventry Date 22-May-08
Sampto point Wet Arrestor exhaust Time start . 1186
Teost camied out by J Ward & T Davies Time End 1287
Duration, 1 (min) 80
Sampling Rate
Gas meter start reading (SV) m3 1963.2840]
Gas meter end reading (SVy) m3 1964.3970]
Volume passed at mater conditions (SVu=SVurSVi)) m 1,1130)
Sampling rate at meter conditions {SVMIt) m'/min 0,0185]
Sampling Conditions
Timo Gas Meter Probefhoated lins
Temp P P
Tw °C P, kPa °c
1158 5 98.8 160.
1287 37.0 98.6 180
|Average 38.8 98.6 160.0
Equipment
Gas mater P72
Gas mater calibration factor 1.0155
Probe/heated line tharmocoupls P1016
Barometer P222
[vimar 2203
|Balancc P1238
Leak check
Start End

Time start 1151 1300
Tims end 1153 1302
Start volume m3 3.201 4,397
End volume m3 3.201 4.387
Duration mins| 2 2
Leak rate mmin| 1E-04 0.0001
Loak rato <2% of sampls rate? Yos Yas
Balance Check Welghings
Balance No, P1238

P1245 P1245 P1245

£0.0000 5§0.0000 50.0000

£0.0000 50,0000 50.0000
Allowable tolerance (6) 0.0500 0,0800 0,0500
[Acceptable response Yos Yos Yes

Sarginsons Precision Components
Coventry
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Coflection of Water trom Gas
CoBection ninal Final Mass
3tage (cf) MarsiMcl) | Mass (Mck) | gain (Mct)
'l [} [}
[Cortaner 211.420 510,660 2.000
[Contanes $57.480 683,840 180
ortaner 424032 €25.430 400
Sontener e $01.880 1430
Contamer $33.020 933.470 180
otal 3934100 3984.860 11,420

Mass of watsr coliectsd {M] = I(Mct-Ma1)...{Mel-Mcl
Calcutation of dry gas sample volume at STP (8Vyps)
Wyme Ve QIVETIe T 5 P/1013)
ol gl S STP [3V,.0) o] onw |

Calculation of water vapour comtent (H;00,c)

L N —

WO ® 1090 (4 5 MYy M cSVers & (V2 MVers Mol
whers My moleoutat vohure ot 3TP (22.412 m'agmete)
W0 moleculer weight of weter (13 kyRgmols)
[Wster vapour content (H0p ] 144 2 009 |
Method performance
tar colloction efficiss ¢2190{Mci.1 % X)

Correction tor collection efficlency (Cosr,)

RNl

Compllance with BS 14790

hen I0% value (Clause 1.3)

Tempershars is grastes then 40C based on calcudsted water Cow point (Clavse $.4.2) - ovtade slandard

Loas 13te 1 no TN than 2% of sample Sow 1ste

ving €139 rrntns [Clavse 6.1)

SompEng vokane i wihun e of 61 (Clase 6.1)

Resxdual wates centert at outhet 13 betow 1.34% (Claure 1.9)

Sarrpliing was of 1200C Ay sampling (Clawss $.7)

Uncertainty Budgel (vesed onDS 14760 anc Uncertanty Petcy U2%)

| 0073 m®
I8 C

Source of uncertainty Value I Value of standard uncertainty Retative standard
uncestainty (W) |
Messuramsnt c! semple gas volume UVo 2.0% u, h,.v. . s o1z m  uva 148
Messuramaent of sample a3 b 13 A8 1.0 % W Uy T ® :lj'"—"‘ 17826 K ju,Ta 0.58
Mesrurement of atachsis pressure u.P. 1.0 % ™ u, Pas % 56827 mb  fu.P, 058
L eatage o samping tne ul 0.5 % w uy L o = 00030 M ful on
Mestrement of weght » balance wncenianty uW. 0.09 % o Vi i 022809 -
(Mesruremem of weght - balance repeatabdty W, 0011 ¢ Yo W, - 00110 0 .
|rm muasryment of weoht u.wW - - -I\J.AW o U Weru W 02300 ¢ fo.w 2.10
[Tcul standard rolatve uncentanty “ -‘/u‘v-' v Tal ot Pal e Lo W' 4 Cort, 121 % I
[retst rotatve urconany U -1 060 % |
Prepared by: M Davies Cheched by: N Ford

VERITAS

Sarginsons Precision Components
Coventry



Report No. 0545/080507 Page 26 of 42
Permit No. PPC/020 . Revision 0

BUREAU VERITAS MONITORING REPORT FORM
TOTAL PARTICULATE MATTER to BS EN 13284-1/BS 1SO 9096

Company Sarginsons Precision Comp TestRel | WTPM/080507 ]
Site Coventry
Sample point Wet Arvestor exhaust

Test carried out by J Ward & T Davies

SAMPLING TIMES

[IDeterminstion 1
[Ipate 22-May-08
[Hrime Start 1150
|[rime Ead 1287
"Dunlion min| 60

Duct conditions

|ﬁl ion traversed by pling probe (D} m e.ssﬂ
lk?vws sectional area of sampling plane (A} i o_w{l

Duct gas conditions

Defermination 1
Ambient temperature (Tym) °c] 180
Average duct pas temperature (Tp) ] 20

Eut static gas pressure (Pree.) WPs] 003
I arometric pressure (Pp.) WPa]  98.60
IE“' gas volume Nowrate @ ref. conditions (Qn.g) m/]  3.30
as compressibility correction (g) 0.998

"th gas specific gravity (sg) 0.99
Illlxhamt ga3 conditions measurements WFL)
Reference conditions
[Determination | 1
Actual Duet Flow Conditions
Average temperature (T} ] 220
[Total pressure (Pry.) kPs 98.63
1ygen (O, % voldry| 2090
I%lxlf'_"‘l’-:?()ilxow) “%vol L4
[[Reference Conditions
°C| 0
kPs] 101.3
Y% vol, dry 20.9
ater vapour {110y, % vol 1.44
Sampling conditions
[IDetermination 1
[Nozzte di (d in mm or in) in]  0.252
[iinitis) gas meter reading m'| 1963.284
|{Finst gas meter reading m| 1964397
[[Sampled volume (SVaunr) o) 103

Calculation of sample gas volume at reference conditions, SVp,,

Corrections
SV - SViuw T [273+ Ted1273 + Tyrel Temperatare
Poue/Peat Pressure
1100-10;044,100 )| 100-H; 0] Waler vapour
*120.9-01500)120.9-015,11 Oxygen
"Dclermin:lion 1
|Sampled volume @ ref. conditions (SVR.) m| 0989
RS
Prepared by: M Davies Checked by: N Ford

Sarginsons Precision Components
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SAMPLING DATA Y
Distance Onifice A tawg Prot _Temperstures (] Sampling
from Pert Nize of Destred Actusl Reading Sample Filter WMeter (Towme) Y Reeding Rats
Duct Wald Day ang 1an) b Gas(T) | Tomad takt Ouiht isekinetic ) s metsr
f¥raction of D, : e nwg ‘c °C °C °c “wg Vinta
0280 A 150 27 .30 350 2 160 35.0 310 100.2 0.4 0.8
[ 02%0 A [ .10 .20 330 2 160 39.0 30.0 100.0 0J 9.9
0250 A 10 17 .20 0320 2 160 30.0 29 101.3 3 19.6
0.750 A 204 .27 30 350 2 160 414 28, 101.2 205
0.750 A 1 KT _30 030 | 22 50 41, X X3 . 208
[ oa% A 15 3 40 0370 12 60 [1X 27, 101.8 X 2.4
0350 a0 | 137 .40 0.650 2 60 414 i 100.6 .7 272
0.350 228 144 40 0.670 12 60 43, 1. 9.3 .7 28.
03% B 130 126 130 | 06w 160 i1 7 1009 s 13|
0.7%0 B 138 89 .50 0.520 60 45.0 19.0 100.3 K 28,
0.750 B 140 .82 1.80 0500 60 45.0 19.0 99.4 0.5 24.
0.750 B 2 56 1.50 [X{[] 60 — 350 9.0 TOI.1 [X{ K]
HAverages 0.463 110 160.0 5.2 100.8 0.8 2).4
Equipment used
File No.
P37l
1.01%8
in
101 differential units (in or mm w.g.) in
S
robe liaer thermocouple PI1016
1 P9ss
P710
P1212
P78
011646
011658
Measurements from other tests
Emmd Test Reference
L ot gas condilions “’Pi
Leak check
i Start End
tan Tioe 1181 1300
d Time 1183 1301
itial meter reading | 2o | 4am
meter reading | 3a01 | s
IDuration of leak test min 3 2
fiPump vacoom i, 1S 13
I%me o] 01 ol
s thas 2% of cormal sampling rate? l Yes Yo

1]
BtaEAN
VERITAS
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PARTICULATE WEIGHINGS

Filters

etermination Method Field 1
F Blank Blank
lIFitter No. 011646 011655
[[Pre-sampling conditianing temperature (5°C) °cl 180 180 180
[Post-sampling conditioning temperature (35°C) °C| 160 160 160
[IDiameter mm 110 110 110
IiMaterial Quartz Quartz Quartz
liPre-sampling weights
[latter 1 min El 0.7848 0.7829
|lafter 2 min g 0.7849 0.7828
?r 3 min g 0.7850 0.7827

cight extrapolated to zero time (Mg,) i 0.7847 0.7830

||,i’ost-sampling weights
flafter 1 min gl 0.7825 0.7816
llafter 2 min f 0.7827 0.7817

fter 3 min g 0.7829 0.7818
lla\l’eight extrapolated to zero time (M) ﬂ» 0.7823 0.7815
Rinsings
"Pr&sampling conditioning temperature (+5°C) °C| 180 180 180
[[Past-sampling conditioning temperature (+5°C) °cl 160 160 160
[lPre-sampling weights (container anly)
llafter 1 min gl 68.6913 67.5583
llafter 2 min 68.6912 67.5582
|after 3 min g 68.6912 67.5582
|[Weight extrapolated to zero time (M) gl 68.6913 67.5583
|IPast-sampling weights (container and | evaporated rinsings)
llafter 1 min g 68.6918 67.5633
llafter 2 min g 68.6916 67.5632
lafter 3 min g 68.6915 67.5631
[Weight extrapolated to zero time (M, ) 68.6919 67.5634

Summary
“Delcrminntion Method Field 1
Blank (M) Blank
o] 0.0000 -0.0024 -0.0015
Mty 4 0.0000 0.0006 0.0051

‘otal mass collected (M =M, +M,)

0.0000 -0.0018 0.0036

Uncertainty Calculation Parameters

tandard uncertainty for gas volume measurement (U6) 29%
tandard uncertainty for filter weighing (U17) 0.57 mg
tandard uncertainty for washings weighing (U17) 0.50 mg

Limit of detection for filter weighing (U17) 0.50 mg

Limit of detecion for washings weighing (U17) 0.50 mg
tandard uncertainty for oxygen correction (U11) 0.95 %
tandard uncertainty for gas flow measurement (Ul4) 5.7 %

Emission Limit Value

“I-lmission limit valuc (ELV) at reference conditions 50 mg/m’ “

Sarginsons Precision Components
Coventry
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SUMMARY OF MEASUREMENTS
Calculation of Particulate Concentration and Discharge Rate
Particulate concentration (C), m m’ = M x 1000/ SVRef

Discharge rate, kg/h = C x Qref x 0.0036

[iDetermination [ Fictd Blauk | 1

||Pnrticulale concentration at reference conditions mg/m’ -1.82 3.61
uUntcnninty mg/m’|  -1.82 3.61
IPnrﬁcuIate concentration at duct conditions (raw) mg/m -1.64 .25
[iParticulate discharpe rate kg/h|  0.02 0.04
[[Uncertainty kg/h|  -0.08 0.04

Note: Field blank results based on avernge sampling conditions

COMPLIANCE WITH BS EN 13248-1:2002/BS 1SO 9096 CONDITIONS

Standard EN 13284-1

Determination 1
JlAngle of gas flow less than 15° Yes
[iNo Iocal negative gas flow Yes
[[Minimum differential pressure greater than 5 Pa Yes
lRatio of bighest to lowest local gas velocites less than 3:1 Yes

Determination | BS EN 13284-1

Blank value is less than 10% of ELY (Clause 4f)

Nozzle dinmeter greater than 6 mm (Clause 6.2.4)

Average sampling rate was within -§% and +15% of isokinetic conditions (Clause 8.4)
Leak rate is within 2% of sample rate (Clause 8.4)

Uacertainty budget

’rUntertaiuties Field Blank 1
[[Volume measurement (m, ) mg|  -0.08 0.10
[[Filter weighings (my) mg|  -2.40 -1.50
|IRinsings weighings (m..) mg) -2.40 -1.50
[[rotal for uncorrected measurement (U,) mg 3.39 212
orrection to reference conditions ) mg! 0.60 0.00
|E otal for corrected measurement (U,) m: 3.39 2.12
"Contwtrution at 95% confidente interval (Uys,) ngmEI -1,82 3.61

Based on Procedure 55 and Uncertainty Policies 11 & 17
(in accordance with requirements of BS EN 1SO 14956:2002 and ENY 13005 (GUM))

U,=Vm,' +md +m,?
U= VU + Mo’
Uss, = 1.96 x UJSV,

Sarginsons Precision Components
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BUREAU VERITAS MONITORING REPORT FORM
PITOT TRAVERSE (RECTANGULAR DUCT) - BS EN 13284:2002

Company Sarginsous Precision Components Date 22-May-08
Site Coventry Test Ref DFL1/080507
Sample point Dry Arrestor exhaust Time Start 1240
Test carried out by J Ward & T Davies Time End 1252
DUCT CONDITIONS

Iﬁeplh traversed by sampling probe (D) m 0.9d|

"Width of sampling plane m 0.9d|

"Cross sectional area of sampling plane (A) ' 0.810d|

MOLECULAR WEIGHT & DENSITY DETERMINATION

Duct gas conditions

[ambient temperature *cl 1800 |
"Duct static pas pressure kPa]  -0.04 II
IIAverage duct pas temperature (Tduct) *Cl  28.00 ||
||Baromdrlc pressure kPa]  98.60 "

Calculation of molecular weight from assumed gas compesition

Gas Vol% Vol% Dry Mol Wt | Wet Mol Wt
Dry gas Wet gas g/gmole g/gmole

CO, 0.00 0.00 0.00 0.00
0, 20.90 20.63 6.69 6.60
CO 0.00 0.00 0.00 0.00
N, 79.10 78.10 22.15 21.87
H,0 —_— 1.27 0.23
Total 28.84 28.70

Calculation of dry and wet gas density from molecular weight results

[ory density kg/m’ 1.29  |AtsTP ||
lwet density kg/m’ 128 |(0°C & 1013 kPa)
Dry density kg/m’ 114 |At Duct Conditions "
Wet density (p,) kg/m” 1.13  |(see above)
[Wet specific gravity (sg) 0.99 ||
?sz?’ Sarginsons Precision Components
Coventry
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PITOT TRAVERSE

Details of measurement equipment and supplementary measurements

[Fiancmeter calibration temperature T 207
[|Ambient temperature “C| 18
||Scate factor 0.1
{[Pitot type (‘L' o 'S’ type) L
Pitot calibration fuctor 0.99
%t reference No. P863
[Manometer reference No. P216
[Thermocouple reference No. P1204
[Timer reference No. P1153
[Barometric gauge reference No. P222
[Angle of gas flow Jess than 15°7 Yes
[Temperature correction factor 0.00257 |

Measurements and calculation of duct gas velocity

— R —
o | T | e | weatng, | e | ma | ve | veleehy |

{frastion of D) (h) ™)

kPa Pa L m/s

] A 0.05 0.96 94.33 28 9" 12.85

2 A 0.15 0.94 92.37 28 9.61 12.712

3 A 025 0.87 85.49 28 9.28 12.24

4 A 035 0,87 §5.49 238 9.25 12.24

5 A 045 0.80 78.61 28 8.87 11.73

6 A 0.55 0.84 82.54 28 9.09 12.02

7 A 0.65 0.67 65.54 28 8.11 10.74

8 A 0.75 0.74 2.7 28 8.53 11.28

9 A 0.85 0.73 nmn 28 8.47 11.21

({4 A 0.95 0.53 51.08 28 722 9.55

Tong | oy |
[Averages 28.00 8.81

VERITAS
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CALCULATION OF VELOCITY & FLOW RATE

Voua 2Kz {l-0)x ¥p, , ¥h (Reference BS 1042:Section 1.1:1983 (1SO I966), pages 8&9)

where Virea ® gas velocity at sampling point (m/s)

K= pitet catibration faclor (dimensionless)

lg= pressibility ction ( d a1 0.9985)

o= wet gas density under duet conditions (kg/m’}

h= differentia) pressure {Ps)
Average gas velocity (Vpu) = I 16 = 119 s
Average volume flowrate (Qpen) = Voun XA

= L o4 2 100 Jou'n
—

Conversion of actual duct gas flow to reference conditions

Actual Duct Flow Conditi [Reference Conditions

Iverage temperature (Tp,.) °C|__28.00 [Temperature (To,) ‘] ocoo

[Tetal pressure (Pr..) &Ps) 98.56 |Pressure (Pp) kPs] 101,30
x O} %voldry] 2090 [Os (Ozpd % vol, dryl 2090
ater vapour (H,05) Svel]l 327 |er vapour (H,0,9 Sovel] 127

Calculation of gas flowrate at STP, Qgqp

Qe ® Qoucs 2 {273 1 Py )(100.3 2 273 + Tou il

Qr = [ 835 + o088 |n's

Calculation of gas flow at reference conditions, Qg,y

Corrections
Quae - Qe t 1273+ T dMN273 + To Temperature
PoeePru Pressure
1100-H,0,,..]1100-H,0,,4 Water vapour
(20.8-0;,,,1120.5-0;.4 Ozygen
)
QRef = L83 ¢+ o088 Joss
Measurements from other tests
!Deuminmd JTest Refeeence
Typen Spot measurements
EWater vancur DH20/080%07
Uncertainty Calculation Parameters
tandard uncertainty for pressure measurement (U12) 5.0 %
tandard uncertainty for Pitot coefficient (U13) 1.0 %
tandsrd untertainty for density estimate (U13) 1.0 %
tandard uncertainty for linear measurement (U14) 1.0 %
Uncertainty budget
24| $.00
%| 1.00
Gas density estimate (m,) % 1,00
[Total for velocity measurement (U,} % $.20
[Velocity at 95% confidence interval (Un) %| 10.18
fLinear measurement {my) % 1.00
ota) for flowrate measurement (Uy) %] 839
Flow rate at 95% confidence interval (U %] 1088

Based on Procedure 55 and Uncertainty Policies 13 & 14
(in accordance with requirements of BS EN 1SO 14956:2002 and ENV 13005 (GUM))

U, = ’Jm,,’+mk' + m,’
Uns= 1.96x U,

U=V U.' +2m.’
Upe = 1963 Uy

Prepared by: M Davies Checked by: N Ford

Sarginsons Precision Components
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BUREAU VERITAS MONITORING REPORT FORM
PITOT TRAVERSE (RECTANGULAR DUCT) - BS EN 13284:2002

Company Sarginsons Precision Components Date 22-Moy-08
Site Coventry Test Ref DFL2/080507
Sample point Dry Arrestor exhaust Time Start 1528
Test carricd out by J Ward & T Davies ‘ Time End 1539
DUCT CONDITIONS
ﬂDepth traversed by sampling probe (D) m 09d|
[[Width of sampling plane m 0.90|
"Cross sectionn) aren of sampling plane (A) m’ 0.8@'

MOLECULAR WEIGHT & DENSITY DETERMINATION

Duct gas conditions

JIAmbient temperature °Cl  18.00
"Du:t static gas pressure kPa]  -0.04
Jlaverage duct gas temperature (Tduet) °Cl  27.00
|[Bammetric pressure kPa| 98.60

Calculation of molecular weight from assumed gas composition

Gas Vol% Yol% Dry Mol Wt | Wet Mol Wt
Dry gas Wet gns g/gmole g/gmole

CO, 0.00 0.00 0.00 0.00
0, 20.90 20.63 6.69 6.60
CcO 0.00 0.00 0.00 0.00
N, 79.10 78.10 22.15 21.87
H,0 m— 1.27 —— 0.23
Total 28.84 28.70

Calculation of dry and wet gas density from molecular weight results

lioey density kg/m’ 1.29  |AtSTP
[twet density kg/m’ 128 |(°C & 101.3 kPa)
[Iory density kg/m’ 1.14  |At Duct Conditions
[Wet density (p,) kg/m’ 113 ](see above)
[Wet specific gravity (sg) 0.99
in
A Sarginsons Precision Components
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PITOT TRAVERSE

Details of measurement equipment and supplementary measurements

“Manomﬂer calibration temperature T 20.7
Eﬂblem temperature °C| 18
cale factor 0.1
||Pitot type (‘L' or 'S’ type) L
||Pitot calibration factor 0.99
[Pitot reference No. P863
liManometer reference No. P216
[Thermocouple reference No. P1204
[Timer reference No. P1153
Barometric gauge reference No. P222
[Angle of gas flow less than 157 Yes
[Temperature correction factor 0.00257 |
Measurements and calculation of duct gas velocity
raverse Port Dstance Irom inaide | mﬁﬂ [ Dalterectinl | Tgmﬁr__  Gas |
Point wall of duct Reading Pressure (T) b Velocity
(fraction of D) (k) )
kPa Pa L m/s
1 A 0,05 0.94 9237 27 9.61 12,70
2 A 0.1 0,97 9531 27 9,76 12.90
3 A 025 0.88 86.47 27 9.30 12.29
4 A 038 0.56 84.50 27 9.19 12.18
s A 0.45 0.51 79.59 27 8.92 1L.79
6 A 0.58 0.83 81.56 27 9.03 11.93
7 A 0.65 0.66 64.55 27 8.08 10.64
8 A 0.78 0.72 70.75 27 8.41 1.1
9 A 0.88 0.71 69.77 27 838 11.04
10 A 0,98 0.55 54.04 27 138 9.71
Tooy | Vhpyg |
Averapes 27.00 8.80

3]
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CALCULATION OF VELOCITY & FLOW RATE

Voua ® Ky 1(1- 8} x ¥2/p, , ¥h (Reference BS 1042:Section 2.1:1983 (1SO 3966), pages 3&9)

where VYins = gas velocity a1 sampling point (mvs)
Kp= pitot calibration facior (dimensicaless)
lew mpressibility jon { Jd #10.995)
v wet gas density ender duct conditons (kg/m*)
heo differential pressure (Pa)
Average gas velocity (Vo) = l 11.62 + 1.48 Iml:

Average volume flowrate (Qpoa) =

Vous 3 A

I sz 2 o095 |l

Conversion of actual duct gas flow (o reference conditions

Actual Duct Flow Conditions Reference Conditions
Average temperature (Try) ‘(| _37.00  [Temperature (T *cl  0.00
‘otal pressure (P, ) kPa] 9856 |Pressure (Py.) kPs| 10130
) %veldnl 2090 [Oaygen (09 Svoldry] 2050
'ater vapour (H,00,.) Y vol| 1.27 Water vapour (II,O:) % vel 1.7

Calculation of gas flowrate at STP, Qyqp

Qarr * Quaert £ {273 % Py JH101.3 3 (273 + T Jlf

Qurr =

I ssa 2 0ss  ms

Calculation of gas flow at reference conditions, Qg

Quut - Qo t

n

QRel

Measurements from other tests

Corrections
1273 # T 1273 + Toud Temperature
Poae/Prut Pressure
1100-1,0,,,1/1100- 14,054 Water vapour
130.9-0.0,.,}/120.9-0;55d Ozygen

834 + 088 [ms

Hﬂdenninnnd | Test Reference
3 |Spol measurements
Water vapour |p11201080%07

Uncertainty Calculation Parameters

tandard untertainty for pressure measurement (U12) 5.0 %
tandard uncertainty for Fitol coefTicient (UL3) 1.0%
1andard uncestainty for deasity estimate (13) 1.0 %
tandasd uncertainty for linear measurement (Ul4} 1.0 %
Uncertainty budget
ﬁ;‘nwu inti
essure measurement (m,) % 5.00
%hol coeflicicient (my) % 1.00
Gas density estimate (m,} %] 100
ota) for velocity measurement (U,) % 520
[[Velocity at 95% confidence interval (U, %] 1018
Linear measurement (my) % 1.00
[i otal for lowrate measurement (Up %) 839
Flow rate a1 95% confidence interval (Unm) % 10.58
LR

Based on Procedure 85 and Uncertainty Policies 13 & 14

{in accordance with requirements of 85 EN 1SO 13956:2002 and ENV 13008 (GUM}))

U, =Vm! +md +m)}
Uy =196 U,

U= VYU, + 2m)

UM‘ = LS6x U|

Prepared by: M Davies

Checked by: N Ford
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BUREAU VERITAS MONITORING REPORT FORM
WATER VAPOUR DETERMINATION to BS EN 14790:2005

Company Sarginsons Precision Comp Teost Rel DH20/080807
Site Coventry Date 22-May-08
Sampts point Dry Arrostor exhaust Time start 1400
Test carried out by J Ward & T Davies Time End 1804
Duration, ¢ (min) c4
Sampling Rate
Gas meter start reading SSVB] m3 1964.7220
Gas meter end reading (SV!) m3| 1985.8830
Volume passed at meter conditions (SVy=5Viw-8Va)) m 1.1610
Sampling rate at meter conditions (SVMit) m’fmin| 0.0181]
Sampling Conditions
Time Gas Mater line
T C Pu kPa c
1408 34.8 98.6 180
1504 38.0 98.6 180
Avenin 34.8 98.6 180.0
Equipment
Gas metor P372
Gas matsar calibration factor 1.0158
Probehested line th p P1018
|Barometer P222
[Timer P735
[Batance P1238
Loak chock
Start _End
Tims start 1331 1807
Time end 1333 1503
Start volums m3 4412 5.883
End volums m3 4.412 8.883
fi ming 2 1
Leak rate m'/min 0.0002 0.00018
Leak rate <2% of sample rate? Yes Yeos
Balance Check Weighings
Bal No. P1238
Check weight no. P1248 P1248 P1245
Cortified weight 50.0000 §0.0000 50.0000
Road) 50.0000 §0.0000 §0.0000
Allowabie tolerance () 0.0500 0.0500 0.0509
Acceptable response Yes Yes Yes

VERITASG
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Collection of Water from Gas

CoBection nital Final Mass

Suge (ch) unsMel) | mass (en) | gan (e

i ] L]

Contaner 310880 $20.830 D.000

[Contaner $13.340 492,470 330

Contaner $i8.430 (X1 180

[Certanes 4 001660 $08.219 3870

Cortane § 313170 42.410 2440

Tl (M 3904640 ITIN0 10.450

Mass of wa'er collectad (M} » T{MSI-MSY)....(Mci-Met)

Calcutation of dry gas sampls volume at STP (SV,p}

SWyne $Vg1 (ITIATI ¢ T x (P/101.3)
{otume of dry gss sampled =t $TP (3V,p) m]  1eiss |
Calculation of water vapour contant (H;,0,.,))

HOue® 1002 (M A MVqry MWLl 3Vers ¢ (M 1 WV N .cql)
where [V . moteculsz yolume 81 STP (22 412 m'ngmole)

W egs molecuier waight of water (10 ky/kgmele|
(Featar vapour content (0r) S I Y-
Meothod parformance
787
Water content in fine! container % 0.3
[Correction lor collection efficiency (Cormr) % 0.3
Compliance with BS 14796

then 20% cf vakoo (Clause 7.3}

1wumnm:mwhmcmmmmmmua
Leah 1ot i3 ro more than 1% of sample Bow rate

Samping durstion Is within minkmum of 34 minutss (Cleuse 6.1)

Serpling vohane it within minkmsm of 861 (Clsuse 4.1)

Restdual water contesa of cutiet is bedow 1.26% {Clarse 8.1)

Semping tuTperstins was of 1290C g semrpiing “

Uncertainty Budgot (desed on 63 14700 and Uncertanty Policy U25)

vl 101 m°

l‘ 478 °C

P [T
o018 mimn

i mn
397292

SouTce of uncertainty Value Valus of stancard uncentainty Redadvs standard
uncertainty (%)
Mesysement of sameie 033 volure wVa 2.0 % u, fuy Vo = 5 0016 m  fu.ve 118
: of samehe gus vl 10% N oy Ta=  =p— 1780 K fet. 088
M egsrament of sbacksty pressure uP. 1.0 % ™ [y Pa= 7 $6927 o haPu 0.8
L evhags i samplng e ul 1.0% W [y, L« s 00057 ™ fut 0.5
Measuroment of we:ght - balance unc enanty uW., 0.01 % [T Uy Wa = -5 02284 o -
Muwuw!v!m-bdmrﬁmty W, Q011 9 [y Al - 001109 .
1 ¢2al measursment cf werght uW . . Ju e ULWerul W 02404 g bW 220
[md standard relative uncertanty o Ju Ve i Tal et Po? s L v o W «Corre 208 % I
[rota sotazve uncentary U = 1.960 59T % |
Prepared by: M Davies Cheched by: N Ford

Sarginsons Precision Components
Coventry
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BUREAU VERITAS MONITORING REPORT FORM
TOTAL PARTICULATE MATTER to BS EN 13284-1/BS 1SO 9096

Company Sargt Precision Components Test Rel I DTPM/080507 l
Site Coventry

Sample point Dry Arrester
Test earvied out by J Ward & T Davies

h

SAMPLING TIMES

Hl)clemimlioa S 1
[Date 22-May-08
[Time Start 1400
[Time End 1504
[Duration min 60

Duct conditions

0.90](

0.81|

i lon iraversed by sampling probe (D)
HCnm sectional area of sampling plane (A)

8J3

Duct gas conditions

(Determination 1

Ambient temperature (T, o) 'l 130
[average duct gas temperatare (T ) ‘] 23
{Duct siatic gas pressure (Paps) WPs -0.04
|Barometric pressure (Py,..) RTPQJ 98.60
”Ducl pas volume flowrale @ ref. conditions (Qp.p) m /s 3.33
||Gas compressibitity correction () 0.998

et £83 3 it gravity (s 0.99
2haust gas conditions measurements DFL1

Reference conditions

etermination | ]
A ctual Duct Flow Conditions
IAversge temperature °cl 273
{Total pressure (Pr) _WPa|  98.55
2ypen (O} % vol.dry 20.90
IE’!'& vapour (H,0peq) % vol 1.27
|ﬁcfmce Conditicns
|Temperaure (ep “Cj []
[PPressure (P whal 1013
1ygen (0. % vol, dy| 209
‘ater vapour (11,0,,) % vol 1.27
Sampling conditions
|Determination 1
{INozzle diameter {d in mm or in) in] o0.282
Ihﬂilhl 243 meter resding o'| 1964.722
Hl-'hnl gAS meter reading m'| 1965.883
{Sampled votume (8Vauun) m| 1161

Calculation of sample gas volume at reference conditions, SV,

Corrections
SV - SVir & (2734 T d1273 + Trgwl Temperature

Paare/Pin Pressure
[100-13,0,,,,.,1/1100-H,0,.4 Water vapour
[20.9-031044)120.9-0;0.d Osygen

|Determination 1

(Sampled volume @ ref. conditions (SVR.) o) 1,031

Prepared by: M Davies Checked by: N Ford

Sarginsons Precision Components
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SAMPLING DATA 1
Dirtanse Orifice Al inw.g Pitat Temperatures Pitet Sampling
from Part Time of Desired Actusl Reading Semple Flher Meter (Taue) Y% Reading Rate
Duct Wall Dy aHY alny [1Y] G (Tyouy) [ ket Outhst isekinetis (1] sl mstar
HFracties or D) [ inwg °C °c ‘c K “wg Vemin |
0.083 B 1400 1.1 .10 0380 18 160 41.0 7.0 99.1 .4 21.1
0.063 B 1404 69 .70 0370 7] 160 42.0 7.0 100.3 4 20.9
0.138 1403 6 60| 0360 7] 60 120 7.0 98.8 Y] 20.6
0.118 1412 69 .70 0370 ] 60 42.0 18.¢ 00,3 X 20.9
03 6 K 60 3w |0 0 FECI X 01.¢ (X 20.
0.) 0 46 L 0.320 37 60 41.0 23.0 01,4 [X 9.4
0.438 24 1.0 50 0330 7 60 1.0 28.0 [T [ 9.7 ]
0.438 428 158 61 0,340 7 60 41.0 23 01, [ 20.0
0563 432 44 T 0320 7 ) 414 9. 01. X 9.3
0563 436 .46 .80 0320 7 60 4. 9.0 101.4 . 9.3
0633 Ho .28 1.3 0.280 7 160 41 9.0 1008 . 3.2
0633 B “e .23 1.20 0.180 7 160 414 9.0 933 X 3.
0313 443 32 3 0259 27 _ 160 4 9.0 99.3 [X 7.8
0313 3 32 ) 0.290 17 160 $1. 19.0 99.2 [X 8.
0538 456 Al X 0310 7 160 300 9.0 995 0. 52 |
0537 500 X]| 40 0310 7 160 41, 9.0 99.6 03 19,
Vera, 0324 173 160.0 A 100.2 03 19.5
Equipment used
File No.
P372
1.0158
in
in
S
{{Probe koer 18 ople PI016
I‘Du:l a3 therenoccople (221
[loven thermocoupte P10
i P1212
P38
011649
011652
Measurements from other tests
ermingnd Test Rdujm«
ct g coaditions DFLI
Leak check
I Start End
131 1507
1333 1503
m] 4412 [
o] 4412 S.3234
rnin 2 1
"I 15 15
Vmdn 02 0.)
s than 2% of cormal sampling ratc? | Yo Yo

Sarginsons Precision Components
Coventry
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PARTICULATE WEIGHINGS

Filters
eterminntion Method Field 1
r) Blank Blank
|IFitter No. 011649 011652
"I‘re-aumpling conditioning temperature (+5°C) °C| 180 180 180
lipost-sampling conditioning temperature (£5°C) | 160 160 160
[iDiameter mm|] 110 110 110
[IMaterial Quartz Quartz Quartz
||Pre-sampling weights
llafter 1 min 0.7824 0.7764
[iafter 2 min 0.7828 0.7763
fter 3 min g 0.7828 0.7763
k\’elghl extrapolated to zero time (ME) g 0.7824 0.7764
“Pos(-snmpling weights
llafier § min g 0.7789 0.7757
liafter 2 min g 0.7798 0.7756
[iafter 3 min g 0.7797 0.7756
[[Weight extrapolated to zero time (Mgw) j 0.7786 0.7757
Rinsings
llere-sampling conditioning temperature (£5°C) *C| 180 180 180
"Post-mmpling conditioning temperature (£5°C) °C] 160 160 160
liPre-sampling weights (container only) ,
[lafter 1 min 72.1609 73.1381
|lafeer 2 min 72,1609 73.1381
Fﬂer 3 min g 72,1609 73,1380
Veight extrapolated to zero time (M,y) 8 72,1609 73.1382
[[Past-sampling weights (container and evaporated rinsings)
{lafter 1 min g 72.1612 73.1448
[lafeer 2 min g 72,1611 73,1447
kflcr 3 min g 72,1610 73.1447
WVeight extrapolated to zero time (M, q) Eli 72.1613 73.1448
Summary
Determination Method Field 1
Blonk (M,.,)|  Blank
1ass collected on filter (M, ) g| 0.0000 -0.0038 <0.0007
Mass collected in rinsings (M, = (M, q-M oM ) g| 0.0000 0.0004 0.0067
‘otal mass collected (M = M,+ M,) a 0.0000 -0,0034 0.0060
Uncertainty Calculation Parameters
tandard uncertainty for gas volume measurement (U6) 2.9 %
tandard uncertainty for filter weighing (U17) 0.57 mg
tandard uncertainty for washings weighing (U17) 0.50 mg
Limit of detection for filter weighing (U17) 0.50 mg
Limit of detecion for washings weighing (U17) 0.50 mg
tandard uncertainty for oxygen correction (Ul1) 0.95 %
tandord uncertainty for pns flow measurement (U14) 57 %
Emission Limit Value
IlEminion limit value (ELV) at reference conditions I mglm’ I

Sarginsons Precision Components
Coventry
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SUMMARY OF MEASUREMENTS
Calculation of Particulate Concentration and Discharge Rate
Particulate concentration (C), mglm’ = M x 1000/ SVRef

Discharge rate, kg/h = C x Qrefx 0.0036

nDelerminalion | Field Blank | 1
"ﬁrllculalc concentration at reference conditions ﬂm’ -3.30 5.79
HUncertainty mg/m’|  3.30 1.91
I[Parllculate concentration at duct conditions (raw) mg/m -2.92 S5.12
Particulate discharge rate .10 0.17
HUncenainly kgl -0.32 0.06

Note: Field blank results based on average sampling conditions

COMPLIANCE WITH BS EN 13248-1:2002/BS 1SO 9096 CONDITIONS

[[Standard EN 13284-1
[[Determination 1.
WC of gas flow less than 15° . Yes
|Fo local negative gas flow Yes
Minimum differential pressure greater than S Pa Yes
{iRatio of highest to towest local gas velocites less than 3:1 Yes

Determination 1 BS EN 13284-1

Blank value is less than 10% of ELV (Clause 4f)

Nozzle dinmeter greater than 6 mm (Clause 6.2.4)

Average sampling rate was outside the isokinetic limits (Clause 8.4)
Leak rate is within 2% of sample rate (Clause 8.4)

Uncertainty budget

Uncertainties Field Blank 1
olume measurement (m, 1) mg| -0.10 0.17

Filter weighings (my) mg -3.80 +0.70

Imnsing weighings (m.) mg -3.80 -0.70
otal for uncorrected measurement (U,) m, 537 1.00
rﬁoneﬂion 1o reference conditions (m,.,) mg 0.00 0.00

otal for corvected measurement (U,) m, 5.37 1.00

liContenteation at 95% confidence interval (Uys,) mg/m’|  -3.30 191

Based on Procedure $8 and Uncertainty Policies 11 & 17
(in accordance with requirements of BS EN 1SO 14956:2002 and ENV 13005 (GUM))

U, = v mml2 + m'l + m‘t
U= \IU: + m{ﬂ"’
Ugse = 1.96 x U/SV

Sarginsons Precision Components
Coventry
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Disclaimer

Bureau Veritas HS&E Limited completed this
Report on the basis of a defined programme of
work and terms and conditions agreed with the
Client. We confirm that in preparing this Report,
we have exercised all reasonable skill and care,
taking into account the project objectives, the
agreed scope of work, prevailing site conditions
and the degree of manpower and resources
allocated to the project.

Bureau Veritas HS&E Limited accepts no
responsibility to any parties whatsoever,
following the issue of the Report, for any
matters arising outside the agreed scope of the
work.

This Report is issued in confidence to the Client
and Bureau Veritas HS&E Limited has no
responsibility to any third parties to whom this
Report may be circulated, in part or in full, and
any such parties rely on the contents of the
report solely at their own risk.

Unless specifically assigned or transferred
within the terms of the agreement, Bureau
Veritas HS&E Limited retains all Copyright, and
other Intellectual Property Rights, in and over
the Report and its contents.

Any questions or matters arising from this

Report should be addressed in the first instance
to the Project Manager.

END OF REPORT

YERITAS
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