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The Sniffers Environmental & Integrity Service Provider
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B Realizing your Environmental, and Sustainability Ambitions
and safe Pipeline Operations
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‘ @ Emission Reduction sroad range of Services

LDAR Hybrid LDAR Methane Accounting Storage Tank, LNG Emission 0T, Al

Fugiti\/e Emission Fugitive Emission Program / OGMP 2.0 Emission I\/Ianagement Remote Seng]ng,
Management Management compliance Management Software Drones & Satellites
HFS / PID / FID OGI Camera SFEMP Innovation

Training Environmental Benchmarking
Competence Program Emission
Development Development Performance THE SNIFFERS

© 2020 The Sniffers | 3



Level Scenario

Venture / Asset Reporting
|_e\/e| 1 . Single, consolidated emission factors
. Only applicable where company has limited information sharing
Emission Category
Level 2 . Report emissions based on methane emissions categories
. Estimates based on emission factors

Source based inventory

Emission Source Level
. Emissions allocated to individual source types
Estimates based on generic emission factors

Emission Source Level
. Emissions allocated to individual source types
. Estimates based on specific EFs and direct measurements

Site Level

. Emissions allocated to individual source types

. Reporting based on site-level measurements to reconcile source and
site level emissions estimates

GOLD Standard
Plan in place to report at level 4/5 within 3 years (5 for JV's)

o

adhil GasPlant

@ Reporting against OGMP2.0
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What do companies want?

» Understand current emission picture

« Compliance

« Targets: Able to monitor improvements
« Data intelligence

» Reassurence: validation, prognoses...

U

Data needs to be:

« Complete 3

* Reliable HOW-

» Traceable -

» Actionable Inventorizing
* Comparable measuring

Structured programs: LDAR

@ OGMP 2.0 Moving from L1to L5

| c THE SNIFFERS
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reliable and robust project execution : LDAR cycle:

1. LDAR protocol, standards / regulation
(EPA M21, EN15446, OGMP 2.0, NTA8399)

2. LDAR scope cycle: Define annual measurement scope

Program prepa ration (software, scope, P&ID’s)

!

Source inventory (High quality database )

!

Onsite measurements (ppm or Kg/year)

!

Data analysis (Validation, processing, calculation)

!

Emission reporting (intel for all stakeholders)

3. Inventory of sources + VOC streams:
Detailed, high quality and always up to date

4. Combine carefully chosen measurement techniques: FID / (QOGI /
HFS / flowmeter / VPAC / drone / VSIR / fixed sensor ...

people : Dedicated, skilled, experienced

Input

Emission management software (forget about Excel)

Optimize: automization, innovation, software integration

coc N o wu

Discipline: stick with the program cycle

(1 [dentify O - quantify €@ - Improve

How to ensure success and drive emission reduction results?

Follow up advice (Improvements, Repairs)

| THE SNIFFERS
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file:///C:/Users/cindy.verhoeven/Intero Integrity Services/Departments - Sales/Offer Tools/Offer Information/Kennismatrix/Knowledge matrix.pdf

1. Identify: 2. Quantify: 3. Improve:

Detailed & high quality inventory Fit for purpose measurements

Emission reporting and benchmarking, Software
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@) Emission Management Program

© 2020 The Sniffers

THE SNIFFERS



« Bagging / HFS:
o Measurements: 25-50 sources / day
o Direct loss measurement (Kg/yr)
o Most accurate field measurement

o Development of new emission correlation factors (e.g. CH4)

« Sniffing (FID, PID, CH4 laser) :

o Measurements: 800-2000 sources / day

o Concentration measurement, converted into loss using correlation
tables (EN15446, EPA M21 PI/SOCMI)

* OGI (infrared camera):
o Screening: 2000-5000 sources / day

o Only qualitative, converted into loss using Leak-no-leak factors, or
combined with HFS / QOGI tablet / sniffing for quantification

High quality Sources based measurements for fugitive emissions:

Most common technigques

| 9 THE SNIFFERS
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PID-FID

» EPA Method 21 Petroleum Industry factors

Equipment Type (all Default Zero
services) Emission Rate
(kg/hr/source)

10.000

mv

Valve

Pegged Emission Rates
(kg/hr/source)

Correlation Equation®
(kg/hr/source)
Mar

100.000 ppmv

2.29E-06xSVU-740

Pump 5.03E-05xSV0610
Othere 1.36E-05xSV0°89
Connector 1.53E-06xSV073>
Flange 4.61E-06xSVO703

Open-ended line

Gas valve

2.20E-06xSVo-704

1.87E-06xSV0873

Light liquid valve 4 9E-07 0.036 0.15 6.41E-06xSV0-797
Light liquid pump 7.5E-06 0.14 0.62 1.90E-05xSV0824
Connector 6.1E-07 0.044 0.22 3.05E-06xS\/0885

 |eak/No Leak Factors

Optical Gas Imaging - OGlI

Component type

Mao-leak

Leak

Mo-leak 0.01 0.014
Leak 29 88 120
MNo-leak 0.007 0.031 0.081
Leak 56 150 210

o Development of new specific emission factors and

CH4 correlation factors

THE SNIFFERS




@ High Flow Sampling or Bagging

| 1 THE SNIFFERS

© 2021 The Sniffers



Our custom made HFS in detail

Heavy-duty trolley

1 72" tubing, 2 auto-quick connectors
3D-printed Intake

3D-printed Exhaust + FID/PID connection for concentration (ppm) #
Air fan, constant flow £ 205lpm, Explosion protected zone 1 c
Anti-static Capture bag, 80cm x 80cm with a 3D-printed connector
Methane Gas Detector 0,1ppm - 100VOL%

In-line flow meter, daily check-up the flow of the air fan.
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calculation

ybrid

MISSION

? $ « £ § &% &% : <
g 3 & s g B 85 45 4B £ E
@ E- o S S S S ® ﬁl
CN|NR|CN|OU 6m tWv V-190 0 | 80000 | 559,52 51,61 630 470,4 80,30
CN | RA [ CN | IN tZOvV-190, h=1m 1 | 20000 164,06 18,63 630 470,4 17,04
CN | RA | CN|IN tZOvV-190, h=1m 1 | 10000 83,23 11,15 630 4704 17,94
CN | RA | CN |IN tZOvV-190, h=1m 1 | 40000 302,97 31,01 630 4704 7,36
CN | NR|CN |IN midden in V280 en V250 0 | 10000 88,83 11,18 630 470,4 48,51
CN | NR | CN [OU tOv production area 0 | 30000 | 23487 25,10 630 4704 Hersteld
CV | NR | CN | MI 2m tNWv V-910 0 | 50000 | 369,12 36,54 630 470,4 37,15
CV|NR|CN|OU op TK365 1 | 8000 72,91 9,50 630 470,4 893,53
VA | BA | FL | IN tWv TK130, h=1,8m 2 | 80000 | 558,52 108,36 378 243,6 142,71
VA | NE [ CN | OU tOv TK335,h =4m 0 10000 88,83 11,19 630 470,4 Hersteld
VA | BA | CN | OU tWv TK335 0 9000 30,93 10,36 630 4704 Hersteld
CMN | EL [ CN | IN tWv V180 2 6000 56,53 7,69 630 470,4 40,55
CN | NR | CN | OU tWv compressorgebouw 2 m
CN|RA|CN|OU tNOv V350 3 | 4900 47,25 6,63 630 470,4 1,25
VA | BA [ CN | OU tZv compressorgebouw 4 | 80000 55952 51,61 630 4704 12111
VA | BA | CN|IN tZWv koelbanken 4 | 90000 | 620,99 56,28 630 470,4 173,53
VA | BA | CN |OU tZWv koelbanken 4 | 50000 | 369,12 36,54 630 470,4 171,60
CN | RA | CN tNv brug 1 | 90000 | 620,99 56,28 630 470,4 Niet bereikbaar
CN | NR | CN tZWv flair 16m,h=2,5m 0 | 40000 302,97 31,01 630 4704 121493
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Leak Quantification by QOG!

o THE SNIFFERS
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/
Flaring or Venting

Loss of VOC's, CH,
Internally passing equipment

High losses

Examples:
pressure relief valves, safety
valves, bypass valves, automatic

requlated valves, check valves ...
o

Vent and Flare Losses

| 15 THE SNIFFERS
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*\ent and Flare Loss Monitoring with VPAC |l

THE SNIFFERS
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Vent and Flare Loss Monitoring
Results from Gas Plant Survey

Control Valve 1.854.074

Hand Valve 108 3 2,8 39.852

Pressure Safety 78 1 1,3 221
Valve

I 7 A N

Repairing only 3 control valves saves
+1.800.000 kg/year of product
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SMART scoping: Optimized effectiveness, lower cost

For building reliable emission data, it is not necessary to measure everything all the time!

*  Combined Sniffing and OGI scope + HFS
* Detect all leaks above repair threshold
< Add Sniffing scope to keep level of detall

« Attention for equipments that have a high
risk of leaking: e.g. pump seals, compressor
seals

* Hazardous products (HAP's) are covered

*  Bottom Up approach = Actionable, data
driven program

100% Inventory All Sources

LDAR 25% + Leaks + HAPs + G1

G1 = Group 1 equipments (high risk potential)
NA = Non-Accessible sources
HAP's = Hazardous Products (e.g. benzene)

High quality program, focused on leaks with highest probability and consequence (RBI),
and with limited investments

© 2020 The Sniffers | 18 THE SNIFFERS
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ED- | ED- | ED- | ED- | ED- | ED- | ED- | ED- | ED- | ED-
ED- | ED- | ED- | ED- | ED- | ED- | ED- | ED- | ED- | ED- Extrap
2009-| 2009- | 2010~ 2010- |2011- | 2011-| 2012- | 2012- | 2013-| 2013~ ig;i' i:;:' ég;i' ;gsli' ;‘Eﬁ' ;2;}?’ g;’;:’ ég::' 32;: ;‘Eﬁ' olatie
142-F | 142-R | 154-P | 154-R | 116-P | 116-R | 542-P | 542-R| 032-P|032-R - ; B : 3 - g B - " 2018
P R P R P R F R P R
W Pegged readings 9.438|4.356|3.022 1 1.927|1.623 | 803 |5.402 889 0 0 0 0 0 0 0 0 942 0 0 0 0
W HD - Pegged readings 3.366|1.104| 783 | 653 | 665 591 | 565 | 235 | 181 | 168 | 724 | 499 | 678 | 431 | 384 | 176 | 523 | 228 | 282 | 122 | 127
W Registratiecriterium - HD | 2.544 | 2.977 | 1.267 |1.267 | 885 | 903 | 349 | 657 | 166 | 166 | 183 | 193 | 163 | 171 | 277 | 329 | 180 | 239 | 204 | 204 | 207

e Maintenance:

Leak traceability and
integration, Inventory updates, bad actors.

e HSE: Leak follow up information and emission values, high focus on
HAPS and risks, Emissions per medium, regulatory compliance.

e Management: Success rate of LDAR program, benchmarking

e Board: Corporate social responsibility, positioning of the company

e Authorities: Compliance audits, legislation, audit trails

Methane Reduction after
Repair Tons/year
1200

1000
800
600
400

e ~ Il Bl . II
0

The Sniffers 72,5% Reduction after repair
1400 Ton / year CH4 reduction

repair information, SAP

Fugitive M g - Repair Order —:W
Leskequpmentcooe: 422 Appiicabie proocol EPA / é
Source cooe - Cajcusston methoc  Correiation Soomt TS /
Cempany: Type: Yo —
|Eoutoment / Leak source Jocarsation Equipment / Leak source Informasion
see ESqupment: VA vane
unt: Squemert e cA  ome
Section: REFORMER Squoment
Orwng: 10T403101 Source L Fage
Stream rame: =TRO1G Source poston: o owe
Source iocaten:
Compoziton: comeaot Sarcoce 1O
METHANE Sz LS5
Eyztem: MIFAIDT Source protocot: P
Lne: nzuston. [
Access mver o 2aP-cooe:
2 , Pemim Morufacturer
Historical evoluton
[=re—— e [y [ Triwemes Acen Ao | Cpmwion
5 oty S e st
12052012 ss00 21112 8515 A
12012012 =0 =305 85 A

@ Reports: different results for different stakeholder

© 2020 The Sniffers
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file:///C:/Users/cindy.verhoeven/Downloads/Repair_order1.pdf

5% Dashboard

Reporting

Docume

THE SNIFFERS

Total Emissions and Savings
Total Losses | 2021

Total Emissions

1 ,481 kaly

15650 sources

Saved Emissions
0 kgin 2021

First Measurement

1,481 kgly

Emissions per Loss Origin

Total Losses | 2021 | kaly
MEASUREMENT

HISTORICAL

Repaired Leaks
2021

Repaired Leaks

80 confirmed repairs

Saved 0 kg

Project Status

C | 191534BG 25% LDAR 2022

Qverview:

Total Losses Detail
Total Losses | 2021

Loss Count

FIDPID/CS
OGl/e

High Flow sampling

Ventstacks 15091

0 3,000 6000 5,000 12,0001500018,000

Overview Calculation Configurations
All| 2021 | kgly

Loss Count

High Flow sampling

oas |2
FIDPID/CS 15850
Total Losses 15650

0 3,000 6000 5,000 12,0001500018,000

Open Leakers

MNORMAL 1

REPAIR 14

Emission Managemen
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Site Overview

b Units: 3 & Batch: 20
(® sections: 3 & Composition: 1

t# Drawings: 24 2 ActiveMedium: 1

2 Streams: 20 A Custom Medium: 0

4 Equipments: 6051
# Sources: 15660

Emissions per Source Type

Total Losses | 2021 | kaly

700 689 854

600

500

400

300

200

100 a4 67
o .1.-.4.5.1. IT-'I ,

CM Ccs FL OE PO-CNPO-FL RO sC sV

Measurements
2021

AANTREK ROMDE 2 2021 |1
|AANTREK ROMDE 2021 |10
210019 Ventstacks Grijpskerk | 22
210019-HFs | 33
210019 Gasunie OGl + HFS 526
191534AL Gasunie LDAR 25% 2021 3326

0 500,0005@O@SEO00

Emissions per LossOrigin & Threshold
Total Losses | 2021 | kaly

Loss

12,000
10,000
8,000

Cindy Verhoever

- - .
w4 _Gasunie > Grijpskerk - thesniffers
2 Cycle: 8
[® Project: 31
[ ProjectScope: 33
€3 ProjectScopeltem: 32732
& Measurement: 32766
Counts per Source Type
Total Losses | 2021
12,000 10833
10,000
8,000
6,000
000 1829
1732
2,000 1 332 640 43 g5 128

CN C5 FL OE PO-CMNPO-FL RO SC SV

Emissions per Medium
Total Losses | 2021 | Top & | kgly

1481

T T w3

1,200 1,500

Count

ware — SFEMP®
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Emissions per Source Methane Reduction after
kg/year Repair Tons/year
> 1200
4 1000
3,9
3 800 Total 1,400 Ton
-76% Methane
2 600 Savings \
400 -
1
0.9 200 I
’ A - 0 = Ll
Initial Emission  Emissions Today N R .
The Sniffers Study : 64 Companies The Sniffers Study : 7 Gas Processing Plants
- 2Mio Sources — Evolution over 6 years -70% in one year Methane

Fugitive

@) LDAR Results -75% emission reduction
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- PIPELINE INSPECTIONS

EMISSION MONITORING




+316 31567875 0".?
/ THE SNIFFERS

Reo] 1ZIng your Environmental and Sustainability Ambiti

A lntero Compang

Belgium

Cindy.verhoeven@the-sniffers.com

g % Cindy Verhoeven

Kl |6
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3 Why mix measurement technologies?
EXAMPLE: OGl versus SNIFFING

Overview per leak class
Class Number measured Leaks>9ppm Number leaks>RD Leaks IR

LDAR study:
ZERO 10340 - - 0
Below 1000 358 358 i 0 FID (sniffing)
1000+ 225 225 225 0 measurements
10.000+ 113 113 113 12 compared to OG
50.000+ 6 6 6 4 camera
100.0000+ 167 167 167 119
TOTAL 11209 869 511 135
.

* Only 135 out of 869 leaks detected with OGI camera = 15,5%

« Also big leaks are missed with OGI camera

*  With current OGI technology, leaks < 10.000 ppm remain undetected. CH4, as the smaller molecule is more
difficult to detect by the camera.

« CH4 : Relatively large amount of small leaks, responsible for a substantial part of the total emissions

« With OGI a secondary measurement is needed for accurate quantification

* Main advantage of OGlI vs Sniffing: non-accessibles can be screened from a distance

\_ ) 1 <
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