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EXECUTIVE SUMMARY

MONITORING OBJECTIVES

North Tyneside Council operates a cremation process at Whitley Bay Crematorium which is subject to EPR Permit NT006 / PG 5/2(12), under the
Environmental Permitting Regulations 2010.

SOCOTEC UK LTD were commissioned by North Tyneside Council to carry out stack emissions monitoring to determine the release of prescribed
pollutants from the following Plant under normal operating conditions.

The results of these tests shall be used to demonstrate compliance with a set of emission limit values for prescribed pollutants as specified in the
Plant's EPR Permit, NT006 / PG 5/2(12).

Plant

Cremator 1

Operator

North Tyneside Council
Whitley Bay Crematorium
Blyth Road

Whitley Bay

Tyne & Wear

NE26 4NH

EPR Permit: NT006 / PG 5/2(12)

Stack Emissions Monitoring Test House

SOCOTEC UK - East Kilbride Laboratory

2-4 Langlands Place

Kelvin South Business Park

East Kilbride

G75 OYF

UKAS and MCERTS Accreditation Number: 1015

Opinions and interpretations expressed herein are outside the scope of UKAS accreditation.
MCERTS accredited results will only be claimed where both the sampling and analytical stages are UKAS accredited.
This test report shall not be reproduced, except in full, without written approval of SOCOTEC UK LTD.

North Tyneside Council LEK 11173/ Version 1

Whitley Bay Crematorium 5th June 2018
Cremator 1 Page 3 of 42 EPR Permit: NT006 / PG 5/2(12)
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EXECUTIVE SUMMARY

EMISSIONS SUMMARY

Units

Resiilt

| Ficslculated
| Undertainty

SOCOTEC

| |~ MCERTS
accredited |

Eefontd 4 X | + | j result |
Total Particulate Matter mg/m? v
Particulate Emission Rate g/hr 318 10.5 -

Hydrogen Chloride mg/m? 43,66 4.453 200 v
Hydrogen Chloride Emission Rate g/hr 126.69 12.922 =

Volatile Organic Compounds mg/m? 0.80 1.37 20 v
Volatile Organic Compounds Emission Rate g/hr 2.29 3.94 -

Carbon Monoxide mg/m? 0.84 1.93 200 v
Carbon Monoxide Emission Rate a/hr 2.41 5.54 =

Oxygen % ViV 10.4 1.1 - v
Moisture % 10.6 0.33 - v
Stack Gas Temperature °c 845 - &

Stack Gas Velocity m/s 8.2 0.22

Gas Volumetric Flow Rate (Actual) m3/hr 13083 692 = v
Gas Volumetric Flow Rate (STP, Wet) m3/hr 3205 170 -

Gas Volumetric Flow Rate (STP, Dry) m3/hr 2864 151 -

Gas Volumetrlc Flow Rate at Reference Conditions mé/hr 2877 152

ND = None Detected,

Results at or below the limit of detection are highlighted by bold italic text.
The above volumetric flow rate is an average of the data collected during the isokinetic tests. Mass emissions for non isokinetic tests are also

calculated using these values.

Reference conditions are 273K, 101.3kPa, dry gas 11% Oxygen.

North Tyneside Council
Whitley Bay Crematorium
Cremator 1
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EXECUTIVE SUMMARY

MONITORING TIMES

IParameter i I SampliigDates)y | T Sampling Yimes | Sampling Otiratian’

Total Particulate Matter Run 1 05 June 2018 12:29-13:29 60 minutes

Total Particulate Matter Run 2 05 June 2018 14:03-15:03 60 minutes

Total Particulate Matter Run 3 05 June 2018 15:30-16:30 60 minutes

Hydrogen Chloride Run 1 05 June 2018 12:29-13:29 60 minutes

Hydrogen Chloride Run 2 05 June 2018 14:03-15:03 60 minutes

Hydrogen Chloride Run 3 05 June 2018 156:30-16:30 60 minutes

Volatile Organic Compounds Run 1 05 June 2018 12:29-13:29 60 minutes

Volatile Organic Compounds Run 2 05 June 2018 14:03-15:03 60 minutes

Volatile Organic Compounds Run 3 05 June 2018 16:30-16:30 60 minutes

Combustion Gases Run 1 05 June 2018 12:29-13:29 60 minutes

Combustion Gases Run 2 05 June 2018 14:03-15:03 60 minutes

Combustion Gases Run 3 05 June 2018 15:30-16:30 60 minutes

Preliminary Stack Traverse 05 June 2018 11:45 7
North Tyneside Council LEK 11173 / Version 1
Whitley Bay Crematorium 5th June 2018
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North Tyneside Council

Description of process
Continuous or batch
Abatement

Plume Appeararice
TEST SPECIFIC DETAILS
Coffin Type

Sex

Body Size

Cremation Number

EXECUTIVE SUMMARY

PROCESS DETAILS

CHEMATOR OPERATING INFORMATION

Cremation
Batch
Secondary Chamber

None visible from sampling location

Standard
Male
Medium
44289

SOCOTEC

Standard
Female
Medium

44290

Standard
Male
Medium
44291

Whitley Bay Crematorium

Cremator 1
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EXECUTIVE SUMMARY

Monitoring Methods

SOCOTEC

The selection of standard reference / alternative methods employed by SOCOTEC UK is determined, wherever possible by the hierarchy of method

selection outlined in Environment Agency Technical Guidance Note (Monitoring) M2,

MONITORING METHODS

Species Méthiod SOCOTEC UK UKASLah MCERTS Lifmitaf Caleliated’
Standard Referénoe Method / Technical Number Accredited Detection MU

Alternative Method Procedure Method (Lob) | +1- %
TPM SRM - BS EN 13284-1 AE 104 1015 Yes 0.25 mg/m? 3.3%
Hydrogen Chloride SRM -BS EN 1911 AE 111 1015 Yes 0 mg/m? 10.2%
VOCs SRM-BS EN 12619:2013 AE102 1015 Yes 0.34 mg/m? 172.3%
co SRM - BS EN 15058:2017 AE 102 1015 Yes 0.26 mg/m? 230.3%
0, AM - BS EN 14789:2017 AE 102 1015 Yes 0.01% 10.4%
H,0 SRM-BS EN 14790 AE 105 1015 Yes 0.01% 3.14%
Velocity SRM -BS EN IS0 16911-1 AE 154 1015 Yes 5Pa 2.7%
V°'”"‘:;;'e° Flow | spM-BS ENISO 16911-1 AE 154 1015 Yes s 5.3%

North Tyneside Council
Whitley Bay Crematorium
Cremator 1
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EXECUTIVE SUMMARY

The following tables list the analytical methods employed together with the custody and archiving details:

SAMPLING METHODS WITH SUBSEQUENT ANALYSIS

Analytical Technique. 1| 'Analytical || UKASLab (| = Analysistab | Sample Archive
| UKAS Accredited 2 i
| Procedure Number {1500 i Archive Period
;!. | | |l Location: |
5 G SOCOTEC UK SOCOTEC UK
TPM Gravimetric AE 106 1015 Yes (East Kilbride) (East Kilbride) 8 Weeks
SOCOTEC SOCOTEC
Hyd Chlorid lon Chromatograph 8 Week
ydrogen Chloride grapny ASC/SOP/110 1015 Yes (Bretby) (Bretby) eeks

ON-SITE TESTING
Analytioal Teohnique || Analytical || UKASLab| || MCERTS || Laboratory | | Archive

Procedure || Number | Accredited | Arghive | Perind
‘ || Analysis | ocation |

VOCs Flame lonisation Detection AE 102 1015 Yes SOCOTEG UK | SOCOTEC UK 5 years

(East Kilbride) | (East Kilbride)

- SOCOTEG UK | SOCOTEG UK
co Non Dispersive Infra Red . o
P ¢ AE102 1015 ves (East Kilbride) | (East Kilbride) | ° 2"

—— SOCOTEC UK | SOCOTEC UK
0 Zirconia Cell . .
2 conia Ce RN 1015 ves (East Kilbride) | (East Kilbride) | °Y2'

. . SOCOTEC UK
Gravimetri x .
H,0 avimetric AE 105 1015 Yes (East Kilbride)

North Tyneside Council LEK 11173/ Version 1
Whitley Bay Crematorium 5th June 2018
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SOCOTEC

EXECUTIVE SUMMARY
SAMPLING LOCATION

[SBmpiing Plane Validation Griteria Valte 7| TUhite | Reguirement
Lowest Differential Pressure 10 Pa >=5Pa
Lowest Gas Velocity 6.4 m/s -
Highest Gas Velocity 9.1 m/s =
Ratio of Gas Velocities 1.4 1 <3:1
Mean Velocity 6.9 m/s -
Maximum angle of flow with regard to duct axis <15 ° <15°
No local negative flow Yes - -

N F
|

Gompliant.

“Methad
BS EN 15259
BS EN 15259
BS EN 15259
BS EN 15259

DUCT CHARACTERISTICS
st Value '
Circular

Uhits [ isokinetic
Sample port size 4" Flange
Number of lines used 1
Number of points / line 1
Horizontal

0.75

0.44
180 Duct orientation
Filtration =

Filtration for TPM Out Stack

SAMPLING LINES & POINTS

Non-lgo & Gases!

4" Flange
1
1
Horizontal
Out Stack

SAMPLING PLATFORM

[Gefteral Platfarm [nformation
Permanent / Temporary Platform / Ground level / Floor Level / Roof
Inside / Outside

Roof Level
Qutside

M7 Platform requirements

Is there a sufficient working area so work can be performed in a compliant manner No

Platform has 2 levels of handrails (approximately 0.5 m & 1.0 m high) N/A

Platform has vertical base boards (approximately 0.25 m high) N/A

Platform has removable chains / self closing gates at the top of ladders N/A

Handrail / obstructions do not hamper insettion of sampling equipment No

Depth of Platform = >Stack depth / diameter + wall and port thickness + 1.5m No

The sampling location is very restricted by ductwork so does not meet the requirements as specified in EA Guidance Note M1,
North Tyneside Council LEK 11173 / Version 1
Whitley Bay Crematorium 5th June 2018
Cremator 1 EPR Permit; NT006 / PG 5/2(12)
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EXECUTIVE SUMMARY

S lin lyti ethod Deviations

Sample Plane

Due to the restrictive nature of the sampling location, it is only possible to sample on one line and at one point. This is likely to increase the uncertianty
of the result.

North Tyneside Council LEK 11173/ Version 1
Whitley Bay Crematorium 6th June 2018
Cremator 1 EPR Permit: NT006 / PG 5/2(12)
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APPENDICES

CONTENTS

APPENDIX 1 - Monitoring Schedule, Calibration Checklist & Monitoring Team
APPENDIX 2 - Summaries, Calculations, Raw Data and Charts

APPENDIX 3 - Measurement Uncertainty Budget Calculations
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APPENDIX 1 - Monitoring Schedule, Calibration Checklist & Monitoring Team

MONITORING SCHEDLULE
Spegies || Wiéthod |["socoTEC UK |F T UKASLabl || MEERTS

_ . , . {
| Standard Reference Method /||| Technical Number || Accredited | N;::;Lz
[ AhemativeMethod || 'Pracedure | | Methed

TPM SRM - BS EN 13284-1 AE104 1015 Yes 3

Hydrogen Chloride SRM -BS EN 1911 AE 111 1015 Yes 3

VOCs SRM -BS EN 12619:2013 AE 102 1015 Yes 3

Cco SRM - BS EN 15058:2017 AE 102 1015 Yes 1

0, AM - BS EN 14789:2017 AE 102 1015 Yes 1

H,0 SRM - BS EN 14790 AE 105 1015 Yes 3

Velocity SRM -BS EN ISO 16911-1 AE 154 1015 Yes 1
North Tyneside Council LEK 11173 / Version 1
Whitley Bay Crematorium 5th June 2018
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Extraptive Sampling

SOCOTEC

APPENDIX 1 - Monitoring Schedule, Calibration Checklist & Monitoring Team

CALIBRATEABLE EQUIPMENT CHECKLIST

Instrumantal Analysar/s

Miscaianoois,

[Equipment

Control Box DGM
Box Thermocouples

Meter In Thermocouple
Meter Out Thermocouple
Control Box Timer

Oven Box

Probe

Probe Thermocouple

Probe

Probe Thermocouple

S-Pitot

L-Pitot

Site Balance

Last Impinger Arm

Dioxins Cond. Thermocouple
Callipers

Small DGM

Heater Controller

Inclinometer (Swirl Device)

Equipnient LD,

LEK 9,36
LEK 9.37
LEK 9.37
LEK 9.37
LEK17.19
LEK13.14
LEK 6,50

LEK 6.21

LEK 23,16
LEK15,1K

LEK 24.8

| Equipmoent

Horiba PG-350 Analyser
FT-R Gasmet

FT-IR Qven Box

Bernath 3006 FID

Signal 3030 FID
Servomex

JCT Heated Head Filter
Thermo FID

Stackmaster

FTIR Heater Box for Heated Line
Anemomeler

Ecophysics NOx Analyser
Chiller (JCT/MAK 10)
Heated Line Controller (1)
Heated Line Controller (2)
Site temperature Logger

Equipmant 1.0,

LEK12,14

LEK 8,11

LEK 1213
LEK 8,37
LEK 8.31

Equipment

Laboratory Balance

Tape Measure
Stopwatch

Protractor

Barometer

Digital Micromanometer
Digital Temperature Meter
Stack Thermocouple
Mass Flow Controtler
MFC Display module
1m Heated Line (1)

1m Heated Line (2)

1m Heated Line (3)

6m Heated Line (1)

10m Heated Line (1)
10m Heated Line (2)
16m Heated Line (1)
20m Heated Line (1)
20m Healed Line (2}

Equipmont LD, ||

LEK16.21
LEK 20.7
LEK17.16
LEK16.6
LEK1.14
LEK 2,15
LEK 3.214

LEK 8.37

LEK 8.31

NOTE: If the equipment 1.D ia represented by a dash (), then this piece of equipment has not heen used for this test,

GALIBRATION.GASES

Analytical |

g l) : Cylirider 1.0 :
! Gas (traceable to IS0.17025) Kb | Supplier ppin [Fitarancads i
Oxygen LEK 140 BOC - 10.96 2.0
Propane LEK 159 BOC 10.7 - 2.0
Carbon Monoxide LEK 172 BOC 167.8 - 2.0
STACK EMISSIONS MONITORING TEAM
MONITORING TEAM
Al MCERTS TEJHES QUalifications and Expiry Date
ersonnel Mlmber TE7 i TES ’ TE4
David Drylie MM 04 493 MCERTZS Levell  1n1o Dec 20 Mar 19 Dec 21 Jun 21 Jan19
Callum MM 161399 [MCERTSLeVell oy 59 - - : . Nov 21
Montgomery 1
North Tyneside Council LEK 11173/ Version 1
Whitley Bay Crematorium 5th June 2018
Cremator 1 EPR Permit: NT006 / PG 5/2(12)
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APPENDIX 2 - Summaries, Calculations, Raw Data and Charts

TOTAL PARTICULATE MATTER SUMMARY

Paramater ' Sampling Times Concentration Uncertainty | Emisaion
mg/m’ |l wg/mt | Rate g/hr |
12:29-13:29
Run 1 , . .
o 05 June 2018 95.3 3.02 160 294.3
14:03-15:03
2 _ . '
. 05 June 2018 125.4 415 160 379.0
15:30 - 16:30
Aun3 05 June 2018 1.4 3.89 160 280.1
Blank - 3.05 - - -

Reference conditions are 273K, 101.3kPa, dry gas 11% Oxygen.

Agelane BIaRk Value ? ArceptablaValio
mg/l

SAMPLES
(| Filter & Probe:| | FilterStart || FilterEnd Mass Gained || | Probe Ringe Probe Ringe | Mass Gained on| Gambined Total

| Ringe Number Weight | Weight on Filter || Start Welght' || EndWelght | Probe Mass Gained ||

| | - -

A g : g q - g q . g - a
Run 1 AH 1745 0.61815 0.66419 0.04604 188.55770 188.58940 0.03170 0.07774
Run 2 AH 1744 0.62407 0.67790 0.05383 185.43740 185.48450 0.04710 0.10093

Run 3 AH 1740 0.62825 0.66415 0.03590 188.47000 188.50740 0.03740 0.07330
If total mass gained is less than the LOD then the LOD is reported

BLANKS
Mass Gained || Probe Start || Probe End |: Mass Gained || Combir

Filter | Weight Weight | Probe Mass Gained

, q | i} | elien g | (i | g
AH 1741 0.62479 0.62453 -0.00026 186,43320 186.43580 0.00260 0.00234

If total mass gained is less than the LOD then the LOD is reported

LEK 11173/ Version 1
5th June 2018
EPR Permit: NT006 / PG 5/2(12)

North Tyneside Council
Whitley Bay Crematorium
Cremator 1 Page 14 of 42
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Ly
APPENDIX 2 - Summaries, Calculations, Raw Data and Charts
ISOKINETIC SAMPLING EQUATIONS = RUN'T
Absolute pressure of stack gas, P Molecular weight of dry gas, My
Barometric pressure, Py, mm Hg 763.51 CO, % 5.76
Stack static pressure, Pg e mm H,0 -7.55 0, % 10.35
Pe= Py + (Peatic) mm Hg 762.95 Total % 16.11
13.6 N, (100 -Total) % 83.89
Vol. of water vapour collected, V, 54 Mg = 0.44(%C0,)+0.32(%0,)+0.28(%N,) 29.34
Moisture trap weight increase,Vic g 74.6 Molecular weight of wet gas, M,
Vigstd = (0.001246)(V),) m3|  0.0929516  |M. = My(1 - Byo) + 18(Bya) a/gmol 28,11
Volume of gas metered dry, Vg Actual flow of stack ga;: Q,
Volume of gas sample through gas meter, V,, 0.809 Area of stack, Ag m?2 0.44
Gas meter correction factor, Yy 1.024 Q, = (60)(A)(Vy) m3/min 221.6
Mean dry gas meter temperature, T, q 24.417 Total flow of stack gas, Q
Mean pressure drop across orifice, DH ~ mmH,0 19.723 Conversion factor (K/mm.Hg) 0.3592
Vinewa = (0.3592) (V) (Py+(DH/13.6))(Y o) m? 0.766 Quug = (Qa)P4(0.3592)(1-Byo) Dry 48.3
T+ 273 (T +273
Volume of gas metered wet, Ve Qqidoz = (Qu)P5(0.3592)(1-B,,,)(0,REF) @0,ref 51.50
Vimstw = Ymstd T Vistd m® 0.8587 (Te) +273
. . .
Vol. of gas metered at 0, Ref. Cond., Viadgxsoz Qsiw (Q.)P.(0 ?I_S:)Jizzn Wet 54,17
Is the process burning hazardous waste? (if yes, no No Percent isokinetic, %l
favourable oxygen correction) Nozzle diameter, Dn mm 11.98
% oxygen measured in gas stream, act%0, 10.3 Nozzle area, A, mm? 112,74
% oxygen reference condition 1 Total sampling time, g min 60
0, Reference 0, Ref = 21.0-act%0, 1.07 % = (4.6398E6) (T +273) (Vinsia) % 103.5
Factor 21.0 - ref%0, (P(Ve)ANQ)(1-Byo)
Vimsidaxsorygen = (Vmstd) (O3 per) m3 0.8158 Acceptable isokinetic range 95% to 115% Yes
Moisture content, B,,, Particulate Concentration, C
Byo = Ved 0.1083 Mass collected on filter, M¢ g 0.04604
Vimstd + Viwstd % 10.83 Mass collected in probe, M, g 0.03170
|Moisture by FTIR % - Total mass collected, M, g 0.07774
Velocity of stack gas, V, Cuet = My mg/m? 90.535
Pitot tube velocity constant, K 34.97 Vimatw
Velocity pressure coefficient, C, 0.93 Cary = My mg/m? 101.525
Mean of velocity heads, DP,q mm H,0 1.27 Tmm
Mean square root of velocity heads, ODP 113 Caryexxoz = My mg/m? 95.299
Mean stack gas temperature, T, °c 848 Vinetd@xxoxygen
Vg = (K;) (Co)ODP)(O(T, + 273)) m/s 8.36 Particulate Emission Rates, E
(M,)(Ps) E = [(Cwer)(Qer) (60)] / 1000 294,28
North Tyneside Council LEK 11173 / Version 1
Whitley Bay Crematorium 5th June 2018

Cremator 1 Page 15 of 42 EPR Permit: NT006 / PG 5/2(12)
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APPENDIX 2 - Summaries, Calculations, Raw Data and Charts

ISOKINETIC SAMPLING EQUATIONS - RUN 2

SOCOTEC m

Absolute pressure of stack gas, P
Barometric pressure, Py, mm Hg 763,51 CcO; % 5.76
Stack static pressure, Pgaiic mm H,0 -7.65 0, % 10.80
Ps= Pp+ (Puatic) mm Hg 762,95 Total % 16.56
136 N, (100 -Total) % 83.44
Vol. of water vapour collected, Vg4 'Md = 0.44(%C0,)+0.32(%0,)+0.28(%N,) 29.35
Moisture trap weight increase,Vic g 84.5 Molecular weight of wet gas, M,
Ve = (0.001246)(Vi) md| 0105287  |M; = My(1 - Byo) + 18(Byo) g/gmol 28.02
Volume of gas metered dry, Ve Actual flow of stack gas, Q,
Volume of gas sample through gas meter, V,, 0.843 Area of stack, A; m? 0.44
Gas meter correction factor, Yy 1.024 Q, = (60)(A)(Ve) m3/min 229.4
Mean dry gas meter temperature, T, 27.667 Total flow of stack gas, Q
Mean pressure drop across orifice, DH mmH,0 21.208 Conversion factor (K/mm.Hg) 0.3592
Vimstd = (0.3592) (V) (P, +(DH/13.6))(Yy) m? 0.789 Qe = (Qa)Ps(0.3592)(1-By,o) Dry 49.4
Tm+ 273 (Te) +273
Volume of gas metered wet, Via Qudoz = (Qa)P3(0.3592)(1-Byo)(O;REF) @0;ref 50.42
Venstw = Vinstd + Ywsid m® 0.8943 (Ts) +273
Vol. of gas metered at 0, Ref., Cond., Vinasxxoz Qo = W{i—ﬁﬁs el oy
Is the process burning hazardous waste? (ifyes, no No Percent isokinetic, %I
favoLrable oxygen correction) Nozzle diameter, Dy, mm 11.98
% oxygen measured in gas stream, act%0, 10.79583333 |Nozzle area, A, mm? 112.74
% oxygen reference condition 11 Total sampling time, q min 60
0, Reference 0, Ref = 21.0- act%0, 1.02 %I = (4.6398E6)(T,+273) (Virista) % 104.4
Factor 21.0 - ref%0, PV (AN(Q)(1-Byo)
Vmstapyuoxygen = (Vmsta) (O per) m® 0.8051 Acceptable isokinetic range 95% to 115% Yes
Moisture content, B, Particulate Concentration, C
Buo = Vuwstd 0.1177 Mass collected on filter, M, g 0.05383
Vinstd + Viwstd % 11.77 Mass collected in probe, M,, g 0.04710
Moisture by FTIR % Total mass collected, M, g 0.10093
Velocity of stack gas, V, Cuet = Mn mg/m? 112.86
Pitot tube velocity constant, K, 34.97 Vinstw
Velocity pressure coefficient, C, 0.93 Cary =M mg/m? 127.92
Mean of velocity heads, DP,,q mm H,0 1.35 Viad
Mean square root of velocity heads, ODP 116 Caryxwoz = Mn mg/m? 125.36
Mean stack gas temperature, T, °c 850 Vinstd@Xsoxyaen
Vs = (Kx)(CH(ODP)(V(T, + 273)) m/s 8.65 Particulate Emission Rates, E
(MJ)(Ps) E = [(Cwer)(Qa1)(60)] / 1000 379.00
North Tyneside Council LEK 11173/ Version 1
Whitley Bay Crematorium 5th June 2018
Cremator 1 EPR Permit: NT006 / PG 5/2(12)
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APPENDIX 2 - Summaries, Calculations, Raw Data and Charts

[[SOKINETIC SAMPLING EQUATIONS “RUN'3

SOCOTEC

Absolute pressure of stack gas, P Molecular weight of dry gas, M,
Barometric pressure, Py, mm Hg 763.51 co, % 5.76
Stack static pressure, Pyqic mm H,0 -7.55 0, % 11.80
Pe= Py + (Paatio) mm Hg 762.95 Total % 17.56
13.6 N, (100 -Total) % 82.44
Vol. of water vapour collected, V,,q¢ IM,, = 0.44(%C0,)+0.32(%0,)+0.28(%N,) 29.39
Moisture trap weight increase Vic g 57.8 Molecular weight of wet gas, M
Viarg = (0.001246)(V,) m? 0.0720188  |M, = M4(1 - By,) + 18(Byso) g/gmol 28.35
Volume of gas metered dry, V e Actual flow of stack gas, Q,
Volume of gas sample through gas meter, Vi, 0.759 Area of stack, A; m? 0.44
Gas meter correction factor, Y4 1.024 Q, = (60)(Ag)(Vy) m3/min 203.1
Mean dry gas meter temperature, T, 25.750 Total flow of stack gas, Q
Mean pressure drop across orifice, DH mmH,0 17.093 Conversion factor (K/mm.Hg) 0.3592
Vinstd = (0.3592)(V,r) (Pi+(DH/13.6))(Yo) 0.715 Quta = (Qa)P(0.3592)(1-Buo) Dry 45.5
T.+273 (T,) +273
Volume of gas metered wet, V,,aw Qudoz = (Qa)P5(0.8592)(1-By,) (0,REF) @O,ref 41.92
Vit = Vinatd + Vst m? 0.7869 (T) +273
Vol. of gas metered at 0, Ref. Cond., Vpa@xxoz flae” ~JBRE 0-;_5:)?;73 i o
Is the process burning hazardous waste? (i yes, no No |Percent isokinetic, %I
favourable oxygen correction) Nozzle diameter’ Dr| mm 11.98
% oxygen measured in gas stream, act%0, 11,79909091 |Nozzle area, A, mm? 112,74
% oxygen reference condition 1 Total sampling time, g min 60
0, Reference 0, Ref = 21.0- act%0, 0.92 %) = (4.639BEB)(T,+273) (Vsmord % 102.6
Factor 21.0 - ref%0, (P (Vs (AN(@)(1-Byo)
Vimatdmxsaxygen = (Vmstd) (02 pet) m® 0.6577 Acceptable isokinetic range 95% to 115% Yes
Moisture content, B, Particulate Concentration, C
By = Vustd 0.0915 Mass collected on filter, M¢ g 0.03590
Vnstd + Vst % 9.15 Mass collected in probe, M, g 0.03740
Moisture by FTIR % Total mass collected, M,, g 0.0733
Velocity of stack gas, V, Cuwet = My, mg/m? 93.15
Pitot tube velocity constant, K, 34,97 " Vinetw
Velocity pressure coefficient, C, 0,93 Cary=Mn__ mg/m? 102.54
Mean of velocity heads, DP,, mm H,0 1.08 Vineld
Mean square root of velocity heads, ODP 1.04 Coryoxx02 = M, mg/m? 111.45
Mean stack gas temperature, T, e 838 Vimstd@Xsoxygen
V, = (KJCHODPY(O(T, + 273)) m/s 7.66 Particulate Emission Rates, E
(M) (Ps) E = [(Cuer)(Qur) (60)1 / 1000 280.13
North Tyneside Council LEK 11173/ Version 1
Whitley Bay Crematorium 5th June 2018

Cremator 1

Page 17 of 42

EPR Permit: NT006 / PG 5/2(12)



SOCOTEC UK LTD
www.socotec.co.uk

SOCOTEC
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TOTAL P cu ER QUALITY KLIST
LEAK RATE
|[Mean Sampling|| Pre-sampling || Past-sampling || Maximum Acceptable Leak Tests
Rate Leak Rate Leak Rate Vacuum Leak Rate Acceptable?
litre/min litre/min litre/min mm Hg litre/rnin

Run 1 13.81 0.01 0.01 -635 0.28 Yes

Run 2 14.39 0.01 0.01 -482.6 0.29 Yes

Run 3 12.96 0.05 0.05 -355.6 0.26 Yes

ISOKINETICITY
I5okinetie

Variation

Acceptable
I1sakineticity

%
Run 1 103.53 Yes
Run 2 104.37 Yes
Run 3 102.55 Yes

Acceplable isokinetic range 95% to 115%

BLANK VALUE
Aily Emission

| FOverdll Blanik
LimitValue

Value

Acceplable
lank Value

WEIGHING BALANCE UNCERTAINTY

1.OD « 5% FLV :

. Result 5% ELY
masm? mg/m? i
Run 1 0.25 8.0 Yes
Run 2 0.25 8.0 Yes
Run 3 0.30 8.0 Yes

The above is based on both the Filter and rinse uncertainty

maln’

ma/m’
160

mgdm’
16.0

1)

North Tyneside Council

mim.

[ MaxFilration ||
Temperature

FILTERS
Pre-uss Fllter Gonditioning

Post-use Filtér Conditioning

Temperature |

Temperalure

Glass Fibre 110 160
Run 2 Glass Fibre 110 160 180 160
Run 3 Glass Fibre 110 160 180 160
LEK 11173 / Version 1

Whitley Bay Crematorium

Cremator 1
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HYDROGEN CHLORIDE SUMMARY

Sampling Times

TConcentration

Emlasian
my/m* Rute g/hr
12:29-13:29
Run 1 05 June 2018 42.56 0.002 200 131.70
14:03-15:03
Run 2 05 June 2018 50.30 0.002 200 153.76
15:30-16:30
Run 3 05 June 2018 38.12 0.002 200 94.59
Field Blank - 0.004 - - -

Reference conditions are 273K, 101.3kPa, dry gas 11% Oxygen.

HYDROGEN CHLORIDE QUALITY ASSURANCE CHECKLIST

Leak Test Restilts Mean Sampling|| Pre sampling |[Past sampling| Adceptable feall | Leak Tests
Rate leak rate leak rate rate Accaptable?
I/min Ifmin I/min Wmih

Run 1 13.8 0.01 0.01 0.28 Yes

Run 2 14.4 0.0 0.01 0.29 Yes

Run 3 13.0 0.05 0.05 0.26 Yes

Filfer Material FFiler Size Max, Filtration| | Max. Starage 7| Typé of Abserption Salutions
mm Temp. Trangit Temp, || Absorbers -
*C " C
Run1 Glass Fibre 110 160 23 Glass HPLC Water
Run 2 Glass Fibre 110 160 23 Glass HPLC Water
Run 3 Glass Fibre 110 160 23 Glass HPLC Water

Parameter Absorption Acceptable Absorption Absarptian Efficiency
|_ = Efficiency % Efficiency % Acceptable ?
Run1 34715 175 99 95 Yes
Run 2 40500 0 100 95 Yes
Run 3 25075 0 100 95 Yes
North Tyneside Council LEK 11173/ Version 1

Whitley Bay Crematorium
Cremator 1
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rSD'KI'NETIG-SAMP'LING"ECIUATIONS 1

Hydrogen Chloride

L

Absolute pressure of stack gas, P, Velocity of stack gas, V,
Barometric pressure, P, mm Hg 764 Pitot tube velocity constant, K; 34.97
Stack static pressure, Pgigic mm H,0 -8 Velocity pressure coefficient, C, 0.93
Ps = Py + (Pgtaiic) mm Hg 763 Mean of velocity heads, DP,yq mm H,0| 1.27
13.6 Mean square root of velocity heads, ODP 1.13
Vol. of water vapour collected, Va4 Mean stack gas temperature, T 8 848
Moisture trap weight increase Vic g -
Vied = (0.001246) (V) m? < Vo= (Kp}(Cp}({'jDF’)(fj{Tn +273)) m/s 8.4
(M.)(PJ)
Volume of gas metered dry, Ve Actual flow of stack gas, Q,
Volume of gas sample through gas meter, V, 0.8094 Area of stack, A, m* 0.44
Gas meter cotrection factor, Y4 1.024 Q, = (60)(ANV,) m/min 222
Mean dry gas meter temperature, T, 24.42 Dry total flow of stack gas, Qqq
Mean pressure drop across orifice, DH  mmH,0 19.72 Conversion factor (K/mm.Hg) 0.3592
Vinsta = (0.3592)(V,) (PHDH/13.6))(Y ) 0.77 Qug = (QIP.(0.3692)(1-B,.) m3/min 48
Tm +273 (T,) +273
Volume of gas metered wet, V Wet total flow of stack gas, Qq,
Vinstw = Vinstd + Vausta m? 0.8564 Qew= _ (Q.)P.(0.3692) m*/min 54
Vol. of gas metered at 0, Ref. Cond., Vimag@xxo2 (I +273
Is the process burning hazardous waste? (If yes, No [Py total flow of stack gas at X% Oz Quaoz
no favourable oxygen correction) Qo2 = (Qa)P4(0.3592)(1-B,,,)(0,REF) m3/min 52
% oxygen measured in gas stream, act%0, 10.35 (T,) +273
% oxygen reference condition 11 Percent isokinetic, %I
0, Reference 02 Ref = 21.0-act%02 1.07 Nozzle diameter, D, mm 11.98
Factor 21.0 - ref%02 Nozzle area, A, mm? 112,74
Vistapxuowyaen = (Vmsta) (O per) m’ 0.8158 Total sampling time, q min 60
Moisture content, B,,, %l = (4.639BEB)T +273)(Vipeia) % 103
Bwo= Vi 0.1058 (P){Va)(An)(@)(1-Buo)
Vimetd + Vuetd % 10.58 Acceptable isokinetic range 95% to 115% Yes
|Moisture by FTIR % - Hydrogen Chloride Concentration, C
|Molecular weight of dry gas, M, Mass collected , M ug 34715
co, 5.76 Ciust = Mn mg/m? 40,538
0, 10.35 " Viaw
Total 16.11 Cory=Mn__ mg/m? 45,336
N, (100 -Total) 83.89 Vmstd
Caryaxuoz = Mp mg/im? 42.556
Ma = 0.44(%C0,)+0.32(%0,)+0.28(%N,) 29.34 Vistégxuargen
Molecular weight of wet gas, M, Hydrogen Chloride Emission Rates, E
M. = My(1 - Byo) + 18(By) a/amol 28.1 E = [(Cyo)(0;1,)(60)] / 1000 g/hr 131.70
North Tyneside Council LEK 11173 / Version 1
Whitley Bay Crematorium 5th June 2018
Cremator 1 EPR Permit: NT006 / PG 5/2(12)
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Hydrogen CHlgride
Absolute pressure of stack gas, P, Velocity of stack gas, V,
Barometric pressure, Py mm Hg 764 Pitot tube velocity constant, K, 34.97
Stack static pressure, Pggic mm H,0 -8 Velocity pressure coefficient, C, 0.93
Pg = Py + (Pgiatic) mm Hg 763 Mean of velocity heads, DP,q mm H,0 1.35
13.6 Mean square root of velocity heads, ODP 116
Vol. of water vapour collected, Vg Mean stack gas temperature, T, °c 850
Moisture trap weight increase Vlc g
Vwstd = (0.001246)(V)o) m?® - Ve = (Kp)(C,,)(C')DP)(C')(TB +273)) m/s 8.6
(Me)(Ps)
Volume of gas metered dry, Vi Actual flow of stack gas, Q,
Volume of gas sample through gas meter, Vp, 0.8430 Area of stack, A; m? 0.44
Gas meter correction factor, Y4 1.024 Q, = (60)(A)(V,) m3/min 229
Mean dry gas meter temperature, Tp, 27.67 |Dry total flow of stack gas, Qg
Mean pressure drop across orifice, DH  mmH,0 21.2% Conversion factor (K/mm.Hg) 0.3592
Vinetg = (0.3592) (V. ) (P H{OH/13.6))(Ya) 0.79 Quta = (Q,)P4(0.3692)(1-By0) m3/min 50
Ty +273 (Ty) +273
Volume of gas metered wet, Ve Wet total flow of stack gas, Qg
Vinstw = Vinstd + Vawstd m? 0.8824 Quw= _ (Q)P,(0.3592) m3/min 56
Vol. of gas metered at 0, Ref. Cond., Vy,g4@xn02 {213
Is the process burning hazardous waste? (If yes, No [Pry total flow of stack gas at X% Oy Quoz
no favourable oxygen correction) Qaidoz = (Qa)Ps(0.3592)(1-B,,,)(O,REF) m3/min 51
% oxygen measured in gas stream, act%0, 10.80 (T.) +273
% oxygen reference condition 11 Percent isokinetic, %I
0, Reference 02 Ref = 21.0- act%02 1.02 Nozzle diameter, D, mm 11.98
Factor 21.0 - ref%02 Nozzle area, A, mm? 112.74
Vimstdpxsowgen = (Venstd) (02 per) m? 0.8051 Total sampling time, q min 60
Moisture content, B, %l = (4.639BE6)(T+273)(Vinetd) % 103
Bwo = Vs 0.1058 (P)(Ve)(An)(@)(1-Buo)
Vinetd + Vivstd % 10.58 Acceptable isokinetic range 95% to 115% Yes
|Moisture by FTIR % - |Hydrogen Chloride Concentration, C
|Molecular weight of dry gas, M, |Mass collected , M ug 40500
co, 5.76 Cyer = M, mg/m? 45.898
0, 10.80 T Vietw
Total 16.56 Cary = My mg/m? 51.331
N, (100 -Total) 83.44 Vo
Carymxnoz = My mg/m? 50.304
Mg = 0.44(%C0,)+0.32(%0,)+0.28(%N,) 29.35 Vimetd@xkoxyaen
Molecular weight of wet gas, M, Hydrogen Chloride Emission Rates, E
M; = Ma(1 - Buo) + 18(Buo) a/amol 28.2 E = [(Cuer)(Qan)(60)] / 1000 a/hr 153.76
North Tyneside Council LEK 11173 / Version 1
Whitley Bay Crematorium 5th June 2018
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Absolute pressure of stack gas, Pg

ISOKINETIC SAMPLING EQUATIONS 3

Velocity of stack gas, V,

SOCOTEC

Barometric pressure, Py mm Hg 764 Pitot tube velocity constant, K, 34.97
Stack static pressure, Pgaic mm H,0 -8 Velacity pressure coefficient, C, 0.93
Ps = Py + (Pgtatic) mm Hg 763 Mean of velocity heads, DP,yq mm H;0 1.08
13.6 Mean square root of velocity heads, ODP 1.04
Vol. of water vapour collected, Vo4 Mean stack gas temperature, T c 838
Moisture trap weight increase,Vlc g 3
Vyetg = (0.001246)(Vy,) m® - V, = (K)(C(ODPY(O(T, + 273)) m/s 7.7
MIP)
Volume of gas metered dry, Ve Actual flow of stack gas, Q,
Volume of gas sample through gas meter, V, 0.7592 Area of stack, Ag m 0.44
Gas meter correction factor, Yy 1.024 Q, = (60)(A(Vy) m?*/min 204
Mean dry gas meter temperature, T, 25,75 Dry total flow of stack gas, Qg4
Mean pressure drop across orifice, DH  mmH,0 17.09 Conversion factor (K/mm.Hg) 0.3592
Vst = (0.3592) (Vo) (P (DH/ 3:6))(Y) 0.71 Qutg = (Q,)P,(0.3592) (1-By.o) m3/min 45
Tm+273 (Te) +273
Volume of gas metered wet, V,,uw Wet total flow of stack gas, Qg
Vanstw = Yimstd + Viustg m'| 07995 Quw = _ (0Q,)P,(0.3592) m¥/min 50
Vol. of gas metered at 0, Ref. Cond., Vinsa@xxoz (19 +273
Is the process burning hazardous waste? (/f yes, No Dry total flow of stack gas at X% Oz Qucoz
no favourable oxygen correction) Qqudoz = (Qu)P4(0.3592)(1-B,,,)(0,REF) m3/min 41
% oxygen measured in gas stream, act%0, 11.80 (T.) +273
% oxygen reference condition 11 Percent isokinetic, %I
0, Reference 02 Ref = 21.0-act%02 0.92 Nozzle diameter, D, mm 11.98
Factor 21.0 - ref%02 Nozzle area, A, mm’ 112.74
Vmstd@xsowyaen = (Vimsit) (O2 per) m 0.6577 Total sampling time, g min 60
|Maisture content, B,,, %1 = (4.6398E6)(T,+273) (Viyerd) % 104
Buwo = Viustd 0.1058 PV (A)(@)(1-Byo)
Vingtd + Viwatd % 10.58 Acceptable isokinetic range 95% to 115% Yes
|Moisture by FTIR % Hydrogen Chloride Cancentration, C
[Molecular weight of dry gas, M4 Mass collected, M ual 25075
Co, 5.76 Gyt = My ma/m? 31.365
0, 11.80 mstw
Total 17.66 Cury =M_n mg/m? 35.078
N, (100 -Total) 82.44 Vimetd
Caryaxsoz = My mg/m? 38.124
Mg = 0.44(%C0,)+0.32(%0,)+0.28(%N>) 29.39 V“‘""“‘““’I’E“
Molecular weight of wet gas, M, Hydrogen Chloride Emission Rates, E
M; = M(1 - Byo) +18(By) a/amol 28.2 E = [(Gue)(Quu) (60)] / 1000 a/hr 94.59
North Tyneside Council
Whitley Bay Crematorium
Cremator 1
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SOCOTEC

V POUND MM
Sampling Times Cancentration Emission i
malm?. Rateg/hr. |
12:28-13:29
1 0.74 4 2 2.1
pun 05 June 2018 0.40 0 4
Run 2 e 0.84 0.40 20 2.42
05 June 2018
15:30-16:30
5 : 2 .
Run 3 05 June 2018 0.80 0.40 0 2.30
Reference conditions are 273K, 101.3kPa, dry gas 11% Oxygen.
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VOLATILE ORGANIC COMPOUNDS SUMMARY

VOLATILE ORGANIC COMPOUNDS EMISSIONS CHART R2

25.0
= Concentration e e Limit
00,0 | i o o o o e o i - - - " o - R —————
E
mlS.O
E
[
2
=1
[
-1
[
3
€ 100
v
5.0
I K——\_’\_
e e,
0.0 ¢ - - = - .
P2 5% REEERERBEEERERRERREREERRERRRRERGL
R I3 E26HG86ER3HIY B Bt B8EEEGE&EILEEBHEIERSE
Reference conditions are 273K, 101.3kPa, dry gas 11% Oxygen.
VOLAT P DS EMISSIONS CHART R3
25.0
e Concentration e == Limit
20,0 | o o o o > o o - 0 S - 0 o S
E
BIS.O
E
e
h]
-1
£
£ |
8
£ 100
v
5.0
|
|
0.0 |_ ......... . S S ——— S ———— T —
S L B HE R ELELELELHELEEEOGE RSB H BB EEEE R BB BB B D
gwwwwhﬁgbk&&&g‘miﬁobgbbr—ni&i&p—-i-l'r\'.ri;rmi\'ni;'u:
N - a 00 o N (2] ] o N [} [+ Q N (<)) 00 o N B =2} ] (=] N -~ [=2] o o
Time
North Tyneside Council LEK 11173 / Version 1
WhRlfieBetyderaontittons are 273K, 101.3kPa, dry gas 11% Oxygen. 5th June 2018

Cremator 1 Page 24 of 42 EPR Permit: NT006 / PG 5/2(12)



SOCOTEC UKLTD
www.,socotec.co.uk

APPENDIX 2 - Summaries, Calculations, Raw Data and Charts

COMBUSTION GASES SUMMARY

Concentration
mg/m?

Sampling Time and Date

12:29-13:29
05 June 2018

LOD
mg/in?

SOCOTEC

Emission
Rate g/hr

Concentration

Sampting Time and Date

12:29-13:29
05 June 2018

0.01

‘Reference conditions are 273K, 101.3kPa, dry gas 11% Oxygen.

PRE-SAMPLING CALIBRATION DATA

Date 05 June 2018 Chiller Temperature (°C) 3.0
Start Time 11:24 Requirement <4°C
End Time 11:44 Compliant Yes
r h 0
[o]0] 200 0.0 167.8 0.1 -0.3 166.6 17 0.72
0, 25 0.00 10.96 -0.01 -0.01 10.91 16 0.46
POST-SAMPLING CALIBRATION DATA
Date 05 June 2018 Chiller Temperature (°C) 3.1
Start Time 17:05 Requirement <4°C
End Time 17:09 Compliant Yes
Zero Check Span Gheck Zero Drift Span bnft.
down line down line (%) (%)
Cco 0.2 166.1 0.25 -0.50
0, -0.03 11.02 -0.08 0.52
North Tyneside Council LEK 11173/ Version 1
Whitley Bay Crematorium 5th June 2018
Cremator 1 EPR Permit: NT006 / PG 5/2(12)
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CARBON MONOXIDE EMISSIONS CHART R1
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APPENDIX 2 - Summaries, Calculations, Raw Data and Charts
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CARBON MONOXIDE EMISSIONS CHART R2
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CARBON MONOXIDE EMISSIONS CHART R3
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APPENDIX 2 - Summaries, Calculations, Raw Data and Charts

MOISTURE CALCULATIONS

Moisture Determination - Isokinetic

—T- " —_—

Concentration

Samplinig Thme and Date Start Welght. | | End Waight Total gain Unieartaitity
Ko Ky

Run1 L 2= IS 2.6678 2.7424 0.0746 108 0.01 3.1
05 June 2018 ' ' ’ : ’ :
14:03-15:03

Run 2 05 Jome 2018 2.6640 2.7485 0.0845 1.8 0.01 3.3
15:30-16:30

Run 3 Ly 2.6768 27346 0.0578 9.2 0.02 35

Maisture Quality Assurance

| Total Ve Acceptable || Leak Tests

‘;::::::'? Sarnplt-,;lcrrun Sampling Rate | Start Leak Rate| End Leak Bate Leak Rate Atcentable?
| ming | | Im:un ~ I/min Kmin I/min
Run1 60 858.7 13.8 0.01 0.01 0.28 Yes
Run 2 60 894.3 14.4 0.01 0.01 0.29 Yes
Run 3 60 786.9 13.0 0.05 0.05 0.26 Yes
REL STACK S!
Stack Diameter / Depth, D 0.75 m
Stack Width, W - m
Stack Area, A 0.44 m*
Average stack gas temperature 833 °c
Stack static pressure -0.074 kPa
Barometric Pressure 101.8 kPa

Stack Gas Composition & Molecular Weights

Denery Dy VBIlTE IFCone Corie | [T WaTValime WerGona 11
kag/m*™ [ Fraction _ Kg/m* Wet Fraction g/’
L ' I pi % Vol i (]
CO, 44 1.963059 6.761905 0.057619 0.113110 5.152086 0.061521 0.101138
0, 32 1.427679 10.403798 0.104038 0.148533 9.302698 0.093027 0.132813
N, 28 1.249219 83.834297 0.838343 1.047274 74,961582 0.749616 0.936434
H,0 18 0.803070 - - - 10.5683635 0.105836 0.084994
Where: p=M/2241 pi=rxp

Calculation of Stack Gas Densities

Dry Density (STP), Psrp 1.3089 kg/m®
Wet Density (STP), P srw 1.2554 kg/m?
Dry Density (Actual), P actua 0.3244 kg/m’
Average Wet Density (Actual), P acuaiw 0.311 kg/m®

Where:

P <rp = sum of component concentrations, kg/m® (not including water vapour)
Pstw= (P sto+ pi of H20) / (1 + (pi of H20 / 0.8036))

North Tyneside Council
Whitley Bay Crematorium

Cremator 1
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PRELIMINARY STACK SURVEY

TRAVERSE 1

Date of Survey 05 June 2018
Time of Survey 11:45
Velocity Measurement Device: S-Type Pitot

Sampling Line A
Traverse || Distance: DR pt | Temp | WVelogity Valumetric || 2 Angle

I . : Flow Rate 1 Switl
| P mfs o ol awil
int ! a c P (actual) :

(average of 3 | (average of 3

|'|’l
readings) readings) miiu

dirat tm)

Velocity Volumetric | ' Angle
Flow Rate ; 4
/s [N | % ot Swirl
(actual)
i mtis

1 0.02 1.0 10 833 6.4 2.8 - <15
2 0.06 1.0 10 833 6.4 2.8 - <15
3 omn 1.0 10 833 6.4 2.8 - <15
4 0.7 2.0 20 833 9.1 4.0 - <15
5 0.26 1.0 10 833 6.4 2.8 - <15
6 0.49 1.0 10 833 6.4 2.8 - <15
7 0.58 20 20 833 9.1 4.0 - <15
8 0.64 1.0 10 833 6.4 2.8 - <15
9 0.69 1.0 10 833 6.4 2.8 ] <15
10 0.73 1.0 10 833 6.4 2.8 - <15

Mean - 1.2 12 833 6.9 3.1 - -

PRELIMINARY STACK SURVEY QUALITY ASSURANCE CHECKLIST

PITOT LEAK CHECK
Fre Traverse Leak Rate Post Traverse Leak
Start Value || End Value Difference Qutcome ||  StartValue EntlValug Differenea || Outcbriz
Fa | Pa | ki | 1 Ha Pa | %

To complete a compliant pitot leak check a pressure of over 80 mmH,0 (or 800 Pa) is applied and the pressure drop monitored over 5 mins. A drop of
less than 5% must be observed.
S-Type Pitot Stagnation Check

| « Cutcome

. S{agnation Reference Difference

(Pa) (Pa) {Fa)

North Tyneside Council LEK 11173 / Version 1
Whitley Bay Crematorium 5th June 2018
Cremator 1 EPR Permit: NT006 / PG 5/2(12)
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[EA Technical Guidance Note (I‘vh;n}lmim_]) M1

K SURV

Resull

Sampling Plane Validation Criteria

i Un.lls |

SOCOTEC m

Requirement

Compliant

Lowest Differential Pressure 10 Pa >=5Pa Yes
Lowest Gas Velocity 6.4 m/s -
Highest Gas Velocity 9.1 m/s - -
Ratio of Gas Velocities 1.4 - <3:1 Yes
Maximum angle of flow with regard to duct axis <15 ° <15° Yes
No local negative flow Yes - = Yes

Calculation of Stack Gas Velocity, V
Velocity at Traverse Point, V = I, x (1-€) * 0(2 * DP ,y / P acpuatw)

Where:
Kot = Pitot tube calibration coefficient

(1-e) = Compressibility correction factor, assumed at a constant 0.998

[Diiet gas flaw conditions

Calculation of Stack Gas Volumetric Flowrate, Q

ACtUal

Units ~ |

[Gas Volumetric Flowrate

Result

Temperature 833 0 C
Total Pressure 101.726 101.3 kPa
Oxygen 10.4 1 %

Moisture 10.58 0.00 %

Pitot tube calibration coefficient, Ky 0.82

Units

Average Stack Gas Velocity (Va) 6.94 m/s
Stack Area (A) 0.44 m*
Gas Volumetric Flowrate (Actual), Qactoal 11035 m*/hr
Gas Volumetric Flowrate (STP, Wet), Qge 2735 m®/hr
Gas Volumetric Flowrate (STP, Dry), Qstrory 2446 m°/hr
Gas Volumetric Flowrate (REF), Qqes 2592 m°/hr

Where:

Qactual = Va X A X 3600

Qgrp = Q (Actual) x (Ts / Ta) x (Pa / Ps) x 3600

Qsteory = Q (STP) /(100 - (100 / Ma)) X 3600

Qrer = Q (STP) x (100 - Ma) / (100 - Ms)) X ((20.9 - 0,a) / (20.9 - 0,8))

Nomenclature:

Ts = Absolute Temperature, Standard Conditions, 273 K
Ps = Absolute Pressure, Standard Conditions, 101.3 kPa
Ta = Absolute Temperature, Actual Conditions, K

Pa = Absolute Pressure, Actual Conditions, kPa

Ma = Water vapour, Actual Conditions, % Vol

Ms = Water vapour, Reference Conditions, % Vol

0,a = Oxygen, Actual Conditions, % Vol

0,s = Oxygen, Reference Conditions, % Vol

North Tyneside Council
Whitley Bay Crematorium
Cremator 1
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tack Depth
Stack Width
_Area

Clrcular 1 Line 1 Polint

Sampling
Point

Non-isokinetic/Gases Sampling

Distance :'
(% of Depth) |

Distance into |
Stack 1

Units

Sampling

Point

Isokinetic Sampling

|| Distance = |

|| (% of Depth) ||

Distance into ||

Stack (m) ||

2 25,0 0.19 <15

3 75.0 0.56 <15

4 93.3 0.70 <15
Sampling Line - - - -

O Isokinetic sampling point : 2 = :
@ [sokinetic sampling points not used - : - -
® Non Isokinetic/Gases sampling point - = =

SAMPLING LOCATION

North Tyneside Council LEK 11173/ Version 1
Whitley Bay Crematorium 5th June 2018
Cremator 1 EPR Permit: NT006 / PG 5/2(12)
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SOCOTEC Q

0 a 4

MU required <2% <2% <1% <1% <10% < 5% of ELV <2% <10% of ELV

Run1 0.001 2.0 0.50 1.0 0.1 0.2000 ] -

asa% 0.13 0.18 0.49 1.0 0.97 0.15323 0.07 0.001

compliant? Yes Yes Yes Yes Yes Yes Yes Yes

Run 2 0.002 2.0 0.50 1.0 0.1 0.200 - -

asa% 0.20 0.67 0.49 1.0 0.93 0.155 0.07 0.001

compliant? Yes Yes Yes Yes Yes Yes Yes Yes

Run 3 0.001 2,0 0.50 1.0 0.1 0.2000 . -

asa% 0.20 0.67 0.49 1.0 0.85 0.19005 0.39 0.001

compliant? Yes Yes Yes Yes Yes Yes Yes Yes

| Valume (8T) Massof || 0, Correction | Leak |1 Uhcolected Combined
particulate : Mags uncertdinty
m? gy | migim? mq

Run1 0.19 77.7400 0.0014

MU as mg/m’ 1.19 0.2452 0.89 0.040 0.0017 1.51

MU as % 1.25 0.2573 - 0.042 0.0017 -

Run 2 0.73 100.9300 1.0 0.050 0.0014 =

MU as mg/m? 1.65 0.2484 1.23 0.050 0.0017 2,07

MU as % 1.3 0.1982 - 0.040 0.0013 -

Run 3 0.60 73.3000 1.1 0.248 0.0014 -

MU as mg/m’ 1.47 0.3041 1.21 0.248 0.0021 1.94

MU as % 1.32 0.2729 . 0.223 0.0018 -
[RT - Uncertainty expressed at a 95% confidence level (where k = 2) | 3.02 mg/m® | 3.17 % |
[R2 - Uncertainty expressed at a 95% confidence level (where k = 2) | 4.15 mg/m® | 3.31 % |
[R3 - Uncertainty expressed at a 95% confidence level (where k = 2) | 3.89 ma/m® | 3.49 % |

(k is a coverage factor which gives a 95% confidence in the quoted figures)
Reference = SOCOTEC UK Technical Procedure AE150 Estimation of Uncertainty of Measurement
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MEASUREMENT UNCERTAINTY BUDGET - ISOKINETIC HYDROGEN CHLORIDE

Sampled
Valume

Temp

Sampled Gag || Sanpled Gas |

Pressiire

Sampled Gas
Humidity

Oxygen
Gantent

Limit af
Detection

Leale

SOCOTEC G

i m# K kPa || % by volume || ‘% byvolume || % by mass
MU required <=2% <2.5k <=1% <=1% <=5% < 5% of ELV <=2%
Run1 0.816 297.4 101.06 1.0 10.35 48,90 -
asa% 012 0.67 0.49 1.0 0.97 0.05 0.07
compliant? Yes Yes Yes Yes Yes Yes Yes
Run 2 0.805 300.7 101.06 1.0 10.80 40.5 L
asa% 0.12 0.67 0.49 1.0 0.93 0.06 0.07
compliant? Yes Yes Yes Yes Yes Yes Yes
Run 3 0.658 298.8 101.06 1.0 11.80 25.075 -
asa% 0.15 0.67 0.49 1.0 0.85 0.04 0.39
compliant? Yes Yes Yes Yes Yes Yes Yes

Mass of 02 Gomection || | Lab Combined

Hydl'ogm | Uncertainty uncertainty

Chiaride |

m? g - mghnt | mg
unl 0.7470 48,9046 0.9387 0.0178 * =

MU as mg/m® 0.5573 0.0970 0.3995 0.0178 2.0427 2.1569
MU as % 1.3095 0.2280 0.9387 0.0418 4.8 S
Run 2 0.729 40.500 0.980 0.020 - =
MU as mg/m’ 0.657 0.124 0.493 0.020 2.415 2.554
MU as % 1.306 0.247 0.980 0.040 4,800 L]
Run 3 0.600 25,075 1.087 0.085 B =
MU as mg/m® 0.500 0.090 0.414 0.085 1.830 1.946
MU as % 1.312 0.236 1.087 0.223 4,800 =
[R1 - Uncertainty expressed at a 95% confidence level (where k = 2) | 4.31 mg/m* | 1014 | % |
[R2 - Uncertainty expressed at a 95% confidence level (where k = 2) | 5.11 mg/m®> | 10.15 [ % |
[R3 - Uncertainty expressed at a 95% confidence level (where k = 2) | 3.89 mg/m* | 10.21 [ % |

(k is a coverage factor which gives a 95% confidence in the quoted figures)
Reference — SOCOTEC UK Technical Procedure AE150 Estimation of Uncertainty of Measurement

North Tyneside Council
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BUDGET - MOIS

Sampled Sampled Gas || Sanipled'Gas || Sampled Gas Oxygen

Volume Temp Presslire Hunidity Content

L m? | kPa || Hibyvolume || % byvolume || 5

MU required <2% <2% <1% <1% <10% <2%

Run1 0.001 2.0 0.50 1.0 0.1 =

asa% 013 0.18 0.49 1.0 0.97 0.07

compliant? Yes Yes Yes Yes Yes Yes

Run 2 0.001 2.0 0.50 1.0 0.1 =

asa% 012 0.67 0.49 1.0 0.93 0.07

compliant? Yes Yes Yes Yes Yes Yes

Run 3 0.001 2.0 0.50 1.0 0.1 *

asa% 0.15 0.67 0.49 1.0 0.85 0.39

compliant? Yes Yes Yes Yes Yes Yes

Volume (STP) || Mass Gained || 0, Correction Leak Unecollected Combined
| Mass || uncertainty
m* | mg } | me/m? my |

Run1 0.19 74600 0.9 40,72 58 ™

MU as % v/v 0.15 0.02 0.12 0.01 0.009 0.19

MU as % 1.25 013 0.94 0.04 0.08 =

Run 2 0.73 84500 1.0 4212 58 by

MU as % v/v 0.17 0.02 0.3 0.01 0.01 0.22

MU as % 1.30 0.12 1.06 0.04 0.07 =

Run 3 0.60 57800 11 195.79 58 o

MU as % v/v 0.14 0.02 0.12 0.02 0.1 0.19

MU as % 1.31 017 0.98 0.22 0.10 =
[RT - Uncertainty expressed at a 95% confidence level (where k = 2) | 038 | %w | 3.14 | %
|R2 - Uncertainty expressed at a 95% confidence level (where k = 2) | 0.43 | % vIv [ 3.28 ] %
[R3 - Uncertainty expressed at a 95% confidence level (where k = 2) [ 038 |  %ww | 3.46 | %

North Tyneside Council LEK 11173/ Version 1
Whitley Bay Crematorium 5th June 2018
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SOCOTEC

MEASUREMENT UNCERTAINTY BUDGET - VOLATILE ORGANIC COMPOUNDS RUN 1

Measured Concentration 0.7 mg/m®
Limit 20 mg/m’
Calibration Gas Concentration 17.12 mg/m®
Range 160 mg/m®

Response time 8 seconds )

Logger sampling interval 60 seconds
Measurement period 60 minutes
Number of readings in measurement 60 -
Repeatability at zero 0.25 % full scale
Repeatability at span level 0.15 % full scale
Deviation from linearity 0.70 % of value
Zero drift -0.36 % full scale
Span drift 1.86 % full scale
volurrie or pressure flow dependence 0.02 % of full scale/3 kPa
atmospheric pressure dependence 0.80 % of full scale/2 kPa
ambient temperature dependence 0.01 % full scale/10K
dependence on voltage 0.10 % full scale/10V
losses in the line (leak) -1.87 % of value
Uncertainty of calibration gas 1.0 % of value

spedification.

<1 % range
<2 % range
<2 % range
<2% range / 24hr
<2% range / 24hr
<2%/3kPa
<3% /2 kPa
<3%range /10K
< 0.1%vol /10 volt
< 2% of span gas value
< 2% of value

Yes
Yes
Yes

[Perforinance: Vellie of Uncertainty auantify’l]

Standard deviation of repeatability at zero . ur0 0.02

Standard deviation of repeatability at span level urs 0.02

Lack of fit ufit 0.65

Drift u0dr -0.16

volume or pressure flow dependence uspres 0.00

atmopsheric pressure dependence uapres 0.04

ambient temperature dependence utemp 0.00

Dependence on voltage uvolt 0.14

losses in the line (leak) uleak -0.01

Uncertainty of calibration gas ucalib 0.00

Uncertainty in factor uf 0.04

Measurement uncertainty Measured Concentration 0.74 ma/m®

Combined uncertainty 0.68 ma/m?

Expanded uncertainty 1.37 mg/m®

|Expanded uncertainty expressed with a level of confidence of 95% | 684 | %ELV |
Expanded uncertainty expressed with a level of confidence of 95% | 1.37 | rrn.gha'm3 |
|Expanded uncertainty expressed with a level of confidence of 95% | 18395 | %value |

Reference — SOCOTEC UK Technical Procedure AE160 Estimation of Uncertainty of Measurement
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SOCOTEC

MEASUREMENT UNCERTAINTY BUDGET - VOLATILE ORGANIC COMPOUNDS RUN 2
Measured Concentration 0.8 mg/m?
Limit 20 mg/m®
Calibration Gas Concentration 1712 ma/m?®
Range 160 mg/m°

[Performance characteristics Value Units specification i
Response time B seconds <180 Yes
Logger sampling interval 60 seconds -
Measurement period 60 minutes - -
Number of readings in measurement 60 = " -
Repeatability at zero 0.25 % full scale <1 % range Yes
Repeatability at span level 0.15 % full scale <2 % range Yes
Deviation from linearity 0.70 % of value <2 % range Yes
Zero drift -0.36 % full scale <2% range / 24hr Yes
Span drift 1.86 % full scale <2% range/24hr Yes
volume or pressure flow dependence 0.02 % of full scale/3 kPa <2%/3kPa Yes
atmospheric pressure dependence 0.80 % of full scale/2 kPa <3% / 2 kPa Yes
ambient temperature dependence 0.01 % full scale/10K <3%range/ 10K Yes
dependence on voltage 0.10 % full scale/10V < 0.1%vol /10 volt Yes
losses in the line (leak) -1.87 % of value < 2% of span gas value Yes
Uncertainty of calibration gas 1.0 % of value < 2% of value Yes
Performance characteristic Uncertainty Value of uncertainty quantity

Standard deviation of repeatability at zero ur0 0.02

Standard deviation of repeatability at span level urs 0.02

Lack of fit ufit 0.65

Drift u0dr -0.16

volume or pressure flow dependence uspres 0.001

atmopsheric pressure dependence uapres 0.04

ambient temperature dependence utemp 0.00

Dependence on voltage uvolt 0.14

losses in the line (leak) uleak -0.01

Uncertainty of calibration gas ucalib 0.005

Uncertainty in factor uf 0.05

Measurement uncertainty Measured Concentration 0.84 mg/nﬁ

Combined uncertainty 0.68 mg/m®

Expanded uncertainty 1.37 mg/m®

Expanded uncertainty expressed with a level of confidence of 95% | 6.83 | % ELV |
|Expanded uncertainty expressed with a level of confidence of 95% | 1.37 | mg_,t'm3 |
|Expanded uncertainty expressed with a level of confidence of 95% 16209 | %value |

Reference — SOCOTEC UK Technical Procedure AE150 Estimation of Uncertainty of Measurement

North Tyneside Council
Whitley Bay Crematorium
Cremator 1
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SOCOTEC

MEASUREMENT UNCERTAINTY BUDGET - VOLATILE ORGANIC COMPOUNDS RUN 3
Measured Concentration 0.8 mg/m®
Limit 20 mg/m®
Calibration Gas Concentration 1702 |mg/m®
Range 160 mg/m?*

 chiafacteristics

I specification MU Metz

Response time 8 seconds <180 Yes
Logger sampling interval 60 seconds -
Measurement period 60 minutes - -
Number of readings in measurement 60 - - -
Repeatability at zero 0.25 % full scale <1 % range Yes
Repeatability at span level 0.15 % full scale <2 % range Yes
Deviation from linearity 0.70 % of value <2 % range Yes
Zero drift -0.36 % full scale <2% range / 24hr Yes
Span drift 1.86 % full scale <2% range/24hr Yes
volume or pressure flow dependence 0.02 % of full scale/3 kPa <2%/3kPa Yes
atmospheric pressure dependence 0.80 % of full scale/2 kPa <3% /2 kPa Yes
ambient temperature dependence 0.01 % full scale/10K <3%range /10K Yes
dependence on voltage 0.10 % full scale/10V < 0.1%vol /10 volt Yes
losses in the line (leak) -1.87 % of value < 2% of span gas value Yes
Uncertainty of calibration gas 1.0 % of value < 2% of value Yes
siformarnce eharacteristic: Uricenainty. ||| Vi Cef

Standard deviation of repeatability at zero ur0 0.02
Standard deviation of repeatability at span level urs 0.02
Lack of fit ufit 0.65
Drift u0dr -0.16
volume or pressure flow dependence uspres 0.00
atmopsheric pressure dependence uapres 0.04
ambient temperature dependence utemp 0.00
Dependence on voltage uvolt 0.14
losses in the line (leak) uleak -0.01
Uncertainty of calibration gas ucalib 0.00
Uncertainty in factor uf 0.05
Measurement uncertainty Measured Concentration 0.80 mg/m®
Combined uncertainty 0.68 mg/m®
Expanded uncertainty 1.37 mg/m®
Expanded uncertainty expressed with a level of confidence of 95% | 6.83 % ELV |
Expanded uncertainty expressed with a level of confidence of 95% I 1.37 mg/m* I

[Expanded uncertainty expressed with a level of confidence of 95% | 170.78 % value |

Reference — SOCOTEC UK Technical Procedure AE150 Estimation of Uncertainty of Measurement

North Tyneside Council
Whitley Bay Crematorium
Cremator 1
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MEASUREMENT UNCERTAINTY BUDGET - CARBON MONOXIDE

Limit value 200
Concentration @ Ref conditions 0.8
Cal gas conc 209.8
Analyser Full Scale 250

[Pésformance charactenstics

Response time

Logger sampling interval
Measurement period

Number of readings in measurement
Repeatability at zero

Repeatability at span level

Deviation from linearity

Zero drift

Span drift

volume or pressure flow dependence
atmospheric pressure dependence
ambient temperature dependence zero / span
Combined interference

dependence on voltage

Influence of Vibration

losses in the line (leak)

Uncertainty of calibration gas

mg/m?®

mg/m
mg/m
mg/m®

3
3

17
60
60
60
0.1
0.2
0.61
0.25
-0.50
0.2
0.44
-0.8
-0.01
-0.06
N/A
0.01
1.00

seconds
seconds
minutes

% full scale
% full scale
% of value
% full scale
% full scale
% of full scale/3 kPa
% of full scale/2 kPa
0.36
% of Range
% full scale/10V
% of upper limit of Cal range
% of value
% of value

specifigation

<1 % range
<2 % range
<2 % range
<2% range / 24hr
<2% range/24hr
<2%/3kPa
<3%/ 2 kPa
<3%range /10K
<4% of Range
< 0.1%vol /10 volt
<2%
< 2% of value
< 2% of value

I MUMat? ]

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
N/A
Yes
Yes

N/A - Horiba's are not effected by Vibration

[Perfarfiante eharactenstic Uncertanty, || Valtieaf tincertainty fliantity

repeatability U,=8, 0.003

tack of fit Ujot 012

short term zero drift Ugaz 0.35

short term span drift Udgs 0.14

influence of Ambient Temp zero Uy -0.09

influence of Ambient Temp span U 0.20

influence of sample gas pressure Uy 0.02

influence of sample gas flow Ust 0.14

influence of supply voltage U, -0.09

Combined Interfence Ui -0.17

Uncertainty of Cal gas U ae 0.84

Measurement uncertainty (Concentration Measured) 0.9 mg/m?®

Combined uncertainty 1.0 mag/m®

Expanded uncertainty 2.0 ma/m®

Expanded uncertainty expressed with a level of confidence of 95% [ 1.0 | % ELV ]
Expanded uncertainty expressed with a level of confidence of 95% I 2.0 | mg_/m3 |
Expanded uncertainty expressed with a level of confidence of 95% | 230.3 |  %value |

Developed for the STA by R Rebinson, NPL

Reference — SOCOTEC UK Technical Procedure AE150 Estimation of Uncertainty of Measurement
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MEA EMENT
Reference 1 Svol
Reported Concentration 10.40 S%vol
Calibration gas 10.96 %ol
Analyser Full Scale 25 Svol

Rsose time T ) 16

SOCOTEC

spacification

seconds 180 Yes
Logger sampling interval 60 seconds E: -
Measurement period 60 minutes - -
Number of readings in measurement 60 - -
Repeatability at zero 0.25 % full scale <1 % range Yes
Repeatability at span level 0.5 % full scale <2 % range Yes
Deviation from linearity 013 % of value <2 % range Yes
Zero drift -0.08 % full scale <2% range / 24hr Yes
Span drift 0.52 % full scale <2% range/24hr Yes
volume or pressure flow dependence 0.03 % of full scale/3 kPa <2% /3 kPa Yes
atmospheric pressure dependence 0.05 % of full scale/2 kPa <3% /2 kPa Yes
ambient temperature dependence -0.05 0.45 <3% range /10K Yes
Combined interference 0.01 % range <4% of Range Yes
dependence on voltage 0.00 % full scale/10V < 0.1%vol /10 volt Yes
losses in the line (leak) 0.01 % of value < 2% of value Yes
Uncertainty of calibration gas 0.0 % of value < 2% of value Yes
[Perfornzance’charastaristic: @ oflicertainty auantitg]
repeatability U,=8, 0.0083
lack of fit Ut 0.0751
short term zero drift Ugz -0.0462
short term span drift Uds 0.3002
influence of Ambient Temp at Zero Uz -0.0006
influence of Ambient Temp at Span Uis -0.0278
influence of sample gas pressure U, -0.0009
influence of sample gas flow Usi 0.0173
influence of supply voltage Uy 0.0001
Combined Interfence Ui 0.0017
Uncertainty of Cal gas U 0.0548
Measurement uncertainty (Concentration Measured) 10.40 %
Combined uncertainty 0.32 %
Expanded uncertainty 0.63 %

Expanded uncertainty expressed with a level of confidence of 5%

0.6 |

Fixpanded uncertainty expressed with a level of confidence of 95%

0.07 |

% vol |

Developed for the STA by R Robinson, NPL
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MEASUREMENT UNCERTAINTY BUDGET - VELOCITY & VOLUMETRIC FLOW RATE
Measured Velocity at Actual Conditions 6.9 Im/s
Measured Volumetric Flow rate at Actual Conditions 11035 |m3/hr

Vaiues | [/Requirement | ["Coimpliant |

Uncertainty of Local Gas Velocity Determination
Uncertainty of pitot tube coefficient - 0.010

Uncertainty of mean local dynamic pressures - 0.33
Factor loading, function of the number of measurements. 3 readings 0.591 minimum 3 Yes
Range of measurment device pa 1000
Resolution pa 1.00
<1% of Value or 20
Calibration uncertainty pa 213 Pa whichever is Yes
greater
Drift % range 0.10
Linearity % range 0.06 <2% of value Yes
Uncertainty of gas density determination
Uncertainty of molar mass determination kg/mol 0.00006
Uncertainty of temperature measurement K 5.64 <1% of value Yes
Uncertainty of absolute pressure in the duct pa 519
Uncertainty associated with the estimate of density - 0.008
Uncertainty associated with the measurement of local velocity = 0.0001
Uncertainty associated with the measurement of mean velocity - 0.0002

[MEasUrement URicerainty = Velaeity

Combined uncertainty 0.10
Expanded uncertainty at a 95% Confidence Interval 0.19

Note - The expanded uncertainty uses a coverage factor of k = 2,

rement URcertainty af Velocityat @ 96% Confidence Interval
Expressed as a % of the Measured Velocity 1.4
Expanded uncertainty at a 95% Confidence Interval 2.7

[Medsuremsnt Uneeainty Valumetric Flow Rat:

Combined uncertainty
Expanded uncertainty at a 95% Confidence Interval 584

“Note - The expanded uncertainty uses a coverage factor of k = 2.

Expressed as a % of the Measured Volumetric Flow Rate
Expanded uncertainty at a 95% Confidence Interval

Reference = SOCOTEC UK Technical Procedure AE150 Estimation of Uncertainty of Measurement
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END OF REPORT

Thank you for choosing SOCOTEC UK for your envirenmental monitoring needs. We hope our services have met your requirements and that you are fully satisfied
with your experience of working with us, we really do value your custom and would welcome your feedback. We would appreciate it if you could take a moment
to complete a short online questionnaire so that we can improve our operations and address any areas that have not met with your expectations, by clicking on

the following

hitps://www.surveymonkey.co.uk/r/CAE customer feedback weblink
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