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Managing mercury along the oil and gas value

chains: sharing of experiences and best practices
Virtual event



Agenda

Opening remarks (1:00 pm — 1:20 pm)

Lilian Corra, International Society of Doctors for the
Environment, lead author of the Global Mercury
Partnership Study report on mercury from oil and gas
Eisaku Toda, Secretariat of the Minamata Convention on
Mercury

Session 1 - Managing mercury emissions and releases along the
life cycle in the oil and gas sector (1:20 pm - 2:10 pm), facilitated
by Misuzu Azari, Kyoto University (Japan), Co-lead of the Mercury

Waste Management Partnership Area

Global mercury hotspots along the oil and gas value chain:
current knowledge and experience by Matt Bower, Qa3
Mercury Management in petroleum refining, by Yamile Julio
Castillo, IPIECA

Managing mercury waste from the oil and gas sector, by David
Hunter, Batrec

Environmentally sound management of mercury waste

generated from the oil and gas sector, by Hiroki lwase, Nomura

Kohsan

Questions and Answers

Session 2 - Experiences, lessons learned and challenges from

countries (2:10 pm - 2:50 pm), facilitated by Judith Torres,

Ministry of Housing, Territorial Planning and Environment of

Uruguay, Co-lead of the Mercury Supply and Storage Partnership

Area

**» Experience in managing mercury along the oil and gas supply
chain in Thailand, by Narongsak Chaiyasit, Synergy Plus Co.,
Ltd., Thailand

** Challenges in the Latin America Region for the management
of mercury from the oil and gas sector by Alberto Santos
Capra, BCRC Argentina

+» Treating mercury waste generated by the production of oil
and gas in Ghana, by Sam Adu-Kumi, consultant and national
expert in the sound management of chemicals and waste for
the Environmental Protection Agency, Ghana

Questions and Answers

Closing remarks (2:50 pm — 3:00 pm)

R/

*» Rodges Ankrah, Environmental Protection Agency of the
United States, Chair of the Partnership Advisory Group
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Lilian Corra
International Society of Doctors for the Environment, lead
author of the Partnership technical study report on mercury
from oil and gas
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Secretariat of the Minamata Convention on Mercury
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Session 1 - Managing mercury emissions and
releases along the life cycle in the oil and gas sector

facilitated by Misuzu Azari, Kyoto University (Japan), Co-lead of
the Mercury Waste Management Partnership Area




Global Mercury Hotspots Along the Oil and Gas Value Chain -
Current Knowledge and Experience
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ug/kg
Mercury Concentration

Mercury Concentrations in the Oil and Gas Industry

t 100 +

1-100

<1

Hydrocarbon Liquids

(oils / condensates)

ug/m?
Mercury Concentration

500 - 10000

10 - 500

<10

Hydrocarbon Gas

www.ga3.co.uk



Global Mercury Distribution

Natural Gas ug/m3
LPG pg/m3
Crude Oil ug/kg

www.ga3.co.uk
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Global Mercury Distribution

Gas:
(0]1F

<0.01 pg/m3
<1pg/kg

Gas: 120 pg/m?3
Condensate: 80 pg/kg

www.ga3.co.uk
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In what form will you find mercury in our industry?

Hydrocarbon Gas

Only Hg® (elemental mercury)

Hydrocarbon Liquids
and Produced Waters

Solids and Sludges

Associated and dissolved Hg° Including corrosion product, pigging

Insoluble species (predominantly HgS) debris, tank sludges, pipeline scales,

Soluble ionic mercury (Hg?*) filter solids

Predominantly HgS but can include

Soluble non-ionic / organic mercury
other species such as HgCl, and HgSe

www.ga3.co.uk
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Qil and Gas Value Chain Overview
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Upstream
Exploration and Initial Production

Midstream
Refining and Storage

Downstream
Petrochemical and Distribution

www.ga3.co.uk
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Qa’| o, Summary of Unconsidered Emissions

Emission Source Observed / Estimated % Removal Common Emission Route

Dehydration - (Glycol Contactor)
Dehydration - (Mol Sieve)

Acid Gas Removal - (Amine Contactor)
Pipework and Equipment

Waste Solids and Sludges

Flaring

CO, and N, Removal

Effluent Water

Venting of Cargo Tanks

OBSERVED 10 - 60%
OBSERVED 10 -99%

OBSERVED 10 - 60%
OBSERVED 10 - 99%

OBSERVED 10 - 60%
OBSERVED 1 - 80%
ESTIMATED 1 - 5%
OBSERVED 0.1 -2%

ESTIMATED 1 - 2%

Venting direct to atmosphere

Via water and possible flaring

Flaring or contaminated sulphur

Smelting at end of life
Hydrocarbon waste disposal routes

Direct to atmosphere
Vent to atmosphere

Directly into sea / waterway

Direct to atmosphere

www.ga3.co.uk



Q

a

On - site
Chemistry

Continent /
Region

Europe
North America
Latin America

ClIs
Asia Pacific
Africa
Middle East

TOTALS

Summary of Unconsidered Emissions

Annual Production*

Estimated Average

Mercury Concentration”

3989

NG
(Bm°)

co
(Mt)

LPG
(Mt)

4141 377

NG co LPG
(ng/m?) | (ng/kg) | (ne/kg)

Estimated
Annual Mass of
Mercury
Produced
(tonnes)

* Based upon data collated by BP - 'Statistical Review of World Energy 2020 | 69th edition’

* Based upon Qa3 project experience and observations
NG - Natural Gas, CO - Crude Qil, LPG - Liquefied Petroleum Gas

Estimated Annual Mercury Emission

20% Loss

(tonnes)

50% Loss

60 - 150 tonnes

www.ga3.co.uk
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Qa3 C?\Zr-nissi:fy
Current Challenges

Challenges in the determination of production and emission from the industry

Limited availability as operators were often reluctant to share
* Incorrect data — Incorrect sampling techniques due to limited understanding at the time

* Industry plagued by old procedures and methodologies (1970/80s)
* Complexities of gaining truly representative samples

* Lack of oversight when it comes to mercury

* Driven by process issues and product value rather than emission monitoring \/

www.ga3.co.uk
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Current Challenges

Additional Challenges

End of life considerations — recovery and smelting, or
leaving in situ

Lack of understanding around the behaviour of mercury
Hot work / breaking containment / confined entry / blasting or cleaning

g (@} 0” @

www.ga3.co.uk
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CONCLUDING COMMENTS

Don’t ever assume mercury concentrations will be low based on geographical location.

Oil and gas is a unique, multi-faceted system making estimates on total production and emissions complicated.

Qa3 have estimated unconsidered emissions from the industry to fall in the range 60 — 150 tonnes per year.

The industry needs to be further educated about the dangers (or not) of mercury and its various forms.

www.ga3.co.uk
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Thank you for your attention

Presented by:
Matt Bower

Analytical Chemist

Email: matt.bower@qga3.co.uk
Office: +44(0)1256 397390
Mobile: +44(0)7821 036747

www.ga3.co.uk
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Ipieca

Our vision

To advance the oil and gas industry’s
environmental and social performance and
contribution to the energy transition in the

context of sustainable development

Introduction to Ipieca

Our strategic pillars

&

CLIMATE

S

NATURE

Lo

SUSTAINABILITY



Overview

Introduction and background
Forms of mercury

Analytical methods and challenges

Operations
Mercury Management oo

Mercury concentrations in crude oils and condensates in petroleum refining

An IPIECA Good Practice Guide

Mercury fate in refining
Worker health and safety
Process safety

Environment considerations

Product stewardship

Mercury removal technologies

Conclusion

] u
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Mercury management in petroleum refmmg ’*’\

Introduction and background

. o . Figure 3 Relative contributions to estimated emissions to air from anthropogenic sources in 2010
Contributors to Mercury in the biosphere:

Disposal of waste from

o VO I Ca n i C a Ct i V i ty mercury-containing products

Cremation

. . Mercury-cell
° G o I d mini ng chlor-alkali industry Coal combustion

* Industrialization
* Coal burning

Oil and natural

Two sources of emissions related to O&G (UNEP): ... -

e  Direct combustion
* Refining (each less than 1% total anthropogenic emissions)

e .
Primary ferrous

metal production

S

N

N,
Primary
non-ferrous
metal

Arlisarlllal anld \ (Ai, Cu, Pb, Zn)
small-scale
gold production Large-scale
qold production

Contaminated il Cement Hg production
sites refining production

u u
Mercury management in petroleum refining Ipleca
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Forms of mercury

Elementary Mercury (HgO0)
* Unstable in presence of sulphur & sulphur compounds, can form mercury sulphide
* Liquid at room temperature and has a measurable vapour pressure, does not evaporate quickly

Mercury Sulphide (HgS)
* Solid, low solubility in water, high affinity for sulphur, it will decompose and liberate elemental mercury if heated
* Predominant form of mercury leaving the refineries

Mercury Sulphate (HgSO4) No available data to indicate that exist in refineries
Organic mercury (R-Hg-R or R-Hg-X)3 Most toxic, never observed in refinery products
Mercury Mercaptides (RS-Hg-SR) Unstable to be present in refinery products or waste streams

Mercury Chloride (Cl-Hg-Cl) Soluble in water and somewhat in hydrocarbons, volatile. Ipieca is not aware of
data in refineries

] u
5 Mercury management in petroleum refining Ipleca
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Mercury concentrations in crude oils and condensates

Figure 5 Range of mercury levels in global crude grades (summarized from the IPIECA dataset, which includes 446 crude assays)

Statistics

Range (ppb) Count %
I:I <2ppb <2 284 64
[ ]2 2-5 68 15
|:| 5-15 5-15 42 10
D 15-50 15-50 33 7
- 50-100 50-100 6 1
- > 100 ppb >100 13 3

446 100%
Table 2 Regional breakdown of mercury in crude

Count  Median Hg level Percentage of crudes and condensates containing
(ppb) specific ranges of mercury (ppb of mercury)
<2 ppb 2-5 ppb 5-15 ppb 15-50 ppb  50-100ppb  >100 ppb
Africa 20 1.0 . 72% 15% 9% 3% 1% -
Eurasia 95 122 74% 10% 6% 4% 1% 5%
Middle East 34 1.0 79% 18% 3% - - -
North America 95 1.2 64% 21% 9% 6% - -
r:gl'z; ?]rl:an 93 3.0 41% 13% 16% 18% 4% 8%
South America 39 1.4 69% 12% 8% 8% - 3%
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Mercury fate in refining & best practice | % &
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KnOWing the mercury content Of CrUdES entering rEfinery Figure 6 Example of a mercury mass balance for five refineries in the

* Establishing an approved ‘mercury operating envelope’ = WS on

applying acceptance criteria to limit the intake of mercury
into refinery

l:] Waste
Crude assays/ SDS used for purchasing decisions could [ Refined products
include Hg as one of the properties [ Airemissions
. . o i Petroleum coke
Periodic measurements of crude to confirm that the 8 E el
refinery is within its operating envelope
&

Frequent measurements on any crude known to contain
an elevated level of mercury (e.g. 100ppb)

] u
7 Mercury management in petroleum refining Ipleca



Mercury management in petroleum refining &

Worker health and safety

Exposure risk:

Inhalation elementary mercury
vapour:

* Confined space entry

* Hot work

* Opening/ draining of equipment
Exposure control measures:

* Acceptance criteria for crude intake

Design and engineering controls
Procedural controls: designated areas

PPE, Hazard communication and
training, Medical surveillance

Decontamination

Table 5 Examples of occupanonaf exposure limits for mercury

UK WEL
(Workplace

Exposure Limits)

Elemental and
inorganic mercury

DFG MAK
(German Research
Foundation)

US ACGIH (American
Conference of Governmental
Industrial Hygienists)

The Netherlands

Elemental and
inorganic mercury

Elemental and
inorganic mercury

Elemental and
inorganic mercury i

Administration

Elemental and

norganic mercury

~ US OSHA (Occupational
Safety and Health

Worker protection: Monitoring exposure,

0.02 mg/m3 0.02 mg/m?3 0.02 mg/m? 0.025 mg/m? 0.1 mg/m?3
(8 hours) (8 hours) (8 hours) (8 hours) (8 hours)
Figure 9 Example of an action-level matrix for PPE
Monitor with portable
mercury analyzer
l l l |
Hg <0.0125 Hg <0.25 Hg <1.25 Hg < 10 Hg > 10
mg/m3 mg/m3 mg/m3 mg/m3 mg/m3
| | | | |
Respiratory
P i ;
rotection Hgﬁrfi?;i”ngalr ng;a{;;:ir SUPP':Gdt:lI' Engyv:'z:glgfbe
Standard PPE - s : respirator
as required for respirator ‘”;'“‘ res";:ierator "‘;’"‘ operated in possible.
the jOb task meroqry h:'m:"’y positive SCBA with full
g;?d';ee ccar::ir;ee pressure mode face piece.
| 1 1 | 1
sl Standard PPE Face shield or Chemical
Protection ndar as y emica i ;
required for the goggles, protective Cr';fe"c"t,'f; Chemical
job task, chemical gloves, chemical | | P A protective
chemical protective resistant suit 9 ?;’:.z 't:n:,;mi(t:a gloves, chemical | =
protective gloves, apron (if and shoe anld rubb:r resistant suit | 2
clothing if sludge splash potential covers, or s and rubber g
is present exists) rubber boots i boots g




Mercury management in petroleum refining

Process safety

Figure 12 Metallurgical failure caused by quuid mercury Figure 13 Example of a decision tree for equipment risk minimization
Inspection of Heat Exchanger
Calculation of Degree of Contamination (€ = 3
Analytical Data LI q U Id m Eta I
embrittlement

No Contamination

(LME)
C Happens when

, aluminium equipment
is exposed to liquid
1 elemental mercury
S v
g Install Mercury Removal Unit §
E’ Replace AHX with Mercury ;5
g Tolerant Design = 2
A Decontaminate Equipment %

] u
9 Mercury management in petroleum refining Ipleca



Mercury management in petroleum refmmg

Environment Considerations

Wastewater treatment
* Very low mercury concentrations in wastewater treatments (less than 0.01%)
* Most of the mercury that enters the refinery will be removed as solid waste (87%)
* Additives can assist in the process of controlling mercury levels in wastewater

Solid waste:
* Needs to be identified, labelled, stored, and disposed according to country regulations.
Segregate waste streams
3rd parties must be appropriately qualified
Incineration may not be appropriate if the third-party facility doesn’t control mercury in its waste gases
Develop a Mercury Waste Management Procedure into their existing Waste Management Procedure

Sample pieces of equipment: ND: 1. X-ray fluorescence analysis (XRF, HXRF), 2. using cotton swabs or mercury
check surface sampling or D: 3. analysis in a laboratory

] u
10 Mercury management in petroleum refining Ipleca
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Conclusions

11

Ipieca data show that the majority of the world’s crudes are low in mercury

On a global basis Ipieca estimates that weighted average mercury content of the global crude supply is
7.5 wt ppb of mercury

Best practices for managing mercury in the refining industry:

Know mercury content of crude oil entering the refining facilities

Safe workplace, assuring worker protection via proper training

Appropriate use of personal protective equipment

Precautions during operation and maintenance

Use of Mercury Removal Units (MRU’s)

Proper waste management procedures

Having fit-for-purpose constraints on mercury in products and intermediates, and
Assuring Process safety via awareness of mercury’s potential impact on equipment

Mercury management in petroleum refining
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BATREC Industrie AG

Y B ATREC

Swiss quality recycling solutions

. BATREC

Swiss quality recyeling solutions

Wimmis

1991

FUNDATION

=S

ISO 9001
ISO 14001
OSHAS 18001

CERTIFICATIONS

Liquid Mercury Stabilisation
Activated Carbon reactivation
Mercury wastes treatment
Mercury adsorbents recycling
Batteryrecycling

S CORE SPECIALITIES



The process in short: B BATREC

Swiss quality recycling solutions

The Mercury is
/" stabilized as HgS
/
I
|
|
I
Batrec provides a unique process ,’ Mix metal sulfides are
able to decontaminate mercury 4 -+ sentto smelters for
from Hg Guards or Activated \ Cu and Zn recovery

\
Carbon \

|
1
|
|
\

\

\\A Activated Carbon is
reactivated




Spent Hg Guards B BATREC

Swiss quality recycling solutions
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Spent Hg Guards — Typical analysis

Swiss quality recycling solutions

NO
Analysis

EEEEEEEET SN
% % % % % % % %

42.87
60.48
38.02

1.60
27.46

7.41
18.26
18.64

5.76
4.00
4.73
27.76
9.26
19.84
14.49
12.36

9.35
9.31
8.43
44.74
16.13
24.51
20.46
18.70

0.17
0.12
0.13
0.41
0.11
12.40
5.98
4.74

0.011
0.008
0.008
0.0004
0.0019
0.0026
0.0020
0.0022

0.006
0.005
0.034
0.0002
0.0078
0.0094
0.0093
0.0087

9.22
5.86
6.04
0.13
1.98
2.85
1.96
2.34

0.029
0.019
0.022
0.012
0.009
0.009
0.008
0.009



BATREC: Hg Guard treatment — whats the process P BATREC

Swiss quality recycling solutions

Q /4

1L

o Identify the material You deliver information about We produce 1st draft of the
how and when the Hg Guards are technical-sales offer

ready

9 |

Together we agree on

or at least indicative test in the lab the technical-sales offer
analysis produced in Step 1
— & y
— R H i
~ % 1] s 0.0 —C
We prepare the Hg Guard Treatment The treated Hg Guards
Transfrontier Dossier are sent for recycling
+ Hg Removed for +
Send the Hg Guards to Stabilisation Inert materials are sent
BATREC + for final disposal

BATREC's action Separation, analysis,
Customer’s action repacking
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Treatment Process - Detalil

Y B ATREC

Swiss quality recycling solutions

L

THERMAL TREATMENT

o desorption of the pollutants at 750 — 850°C
o destruction of the organic pollutants in the post-
combustion chamber

ACTIVATED
CARBON POST
@ COMBUSTION
HOPPER
FURNACE
[EERERE
TOXIC COMPOUNDS
=

COOLING

QUENCH

l

REACTIVATED
ACTIVATED
CARBON ’

2,

WASTE GAS WET CLEANING

condensation of Mercury
removal of Sulfur

©

WASTE GAS DRY CLEANING

o removal of trace level Mercury
o removal of other pollutants and fine dust
removal HEPA Filter

CHIMNEY

=

MERCURY SULPHUR
SEPARATION SEPARATION
BAG FAN ACTIVATED CARBON
— =\ 77—\ =) FILTER FILTER
l C & :
FILTER DUST
= s
N\ —
FINE PARTICULATE
AIR FILTER
MERCURY
SLUDGE
ACIDIC ALCALINE
WASTE WATER WASTE WATER
(—)
FILTER PRESS T T
s 4 )/ MUNICIPAL
e WASTE WATER
INTERMEDIARY MICRO FINAL SYSTEM
WASTE WATER TANK FILTRATION INSPECTION
TREATMENT TANK SAND
ALTER FILTER
CAKE

WASTE WATER TREATMENT



Treatment Process

Decontamination Furnace

Y B ATREC

Swiss quality recycling solutions

Spent AC

With adsorbents
pollutants

(S, Hg, VOCs...) igput

off-gas to post combustion chamber

A T

Treated Hg Guards

Oxidised and all VOCs
removed, no longer
pyrophoric.

Hg <20ppm

——
O Mercury (Hg) without limit
O Sulphur (S) up to 20%
a VOCs
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Treatment Process BATREC
Decontamination Furqace swi tons




Swiss quality recycling solutions
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Treatment of Mercury [ BATREC

Swiss quality recycling solutions
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Mercury Distillation — Process B BATREC

Swiss quality recycling solutions

CHIMNEY

WASTE GAS WET CLEANING

ACTIVATED
CARBON FILTER

WASTE

POST
COMBUSTION

=&
)

ALCALINE WASTE WATER

TREATMENT IN
BATTERY RECYCLING PLANT

ACIDIC WASTE WATER

MERCURY DISTILLATION MERCURY
FURNACE SETTLING TANK

=
ﬁ _______________ R Mercury Stabilisation
| e e > Hes



Mercury Operations - BATREC




Why Stabilise Mercury? - Global Context B BATREC

UNEP ON MERCURY

/ : ‘ ;\ @) LoNVENTION
e -
Global evolution of environmental legislation

EU Export Ban UNEP US Export Ban
Regulation Minamata Mercury Export
(EC) N° Convention on Ban Act
2017/852 Mercury 2008 == m e e e e e e e e e m -

\ 4

Creates a demand for
safe, sustainable treatment through - -----
stabilisation

Mercury does not re-enter the market

Example industries:

— 2

* Natural gas production

« Cl-Alkali industry

nonferrous mining industry (e.g. gold mining)
* nonferrous metallurgy (Cu- & Zn-smelters)

S ——
L]



Mercury Stabilisation — process [ BATREC

iss quality recyc ling solutions

BATREC’s approach
Transform highly toxic Hg into non-toxic HgS

Controlled reaction at ambient temperature and pressure =» low risk, high conversion and consistent product

Metallic mercury Stabilisation reagent Final product

HgS is least toxic

Hg compound stable Hg insoluble Hg mineral form

HgS is the most HgS is the most HgS is the natural
compound compound [cinnabar] of Hg




Mercury Stabilisation — Process

Y B ATREC

Swiss quality recycling solutions

METALLIC STABILISATION
MERCURY (Hg) REAGENT (S)
YS

ACTIVATED CARBON FILTER

Capacity: 1.200 t/year

@

REACTORS

r(f"

—

CHIMNEY

Process characteristics

batch process

wet process at low temperatures in a closed

circuit limits the risk of Hg emissions

no gaseous Hg in the process

stabilisation solution is regenerated

- zero effluents produced

simple reactants



Mercury Stabilisation — process w BATREC




BATREC — value Proposition e BATREC

ity recy cling solutions

Mercury Notifications Stabilisation Transport

Transport Safe Packaging Disposal

BATREC takes care of the whole process “cradle to grave”




Thank you for your attention
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Environmentally sound management of mercury waste
generated from oil and gas sector

Nomura Kohsan Co., Ltd.
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1. Overview of Nomura Kohsan




Overview of Nomura Kohsan




Overview of Nomura Kohsan

Total area: 1,489,431 m?

Landfill site

O.,LTD. All rights reserved.



History

1936 Itomuka mine was discovered

Apr. 1939 Nomura Mining Co., Ltd. began operations

Dec. 1973 Nomura Kohsan Co., Ltd. established

Apr. 1974  Itomuka Mine was closed

Jul. 1974  Nomura Kohsan took over all of Nomura Mining’s plants and technology.

Started management business of industrial wastes and municipal wastes

Jul. 1985  Demonstration plant for recycling mercury containing wastes constructed
(mainly used dry cell batteries)

Aug. 1993 Waste fluorescent lamps recycling plant constructed
Mar. 2004 Kansai Plant completed

Feb. 2014 Nomura Kohsan joined two areas of UNEP GMP
Apr. 2014 Nomura Kohsan signed a MoU with UNIDO

Apr. 2018 Nomura Kohsan and UNIDO renew the MOU
Copyright © Nomurakohsan CO.,LTD. All rights reserved.



ANY and ALL types of mercury wastes

TREATMENT
e Wastes consisting of mercury/mercury compounds

— Metal mercury

e \Wastes containing mercurv/mercurv compounds

— Fluorescent lamps
— Batteries
— Measuring devices

e \Wastes contaminated with

mercurv/ mercury compounds

— Sludge
— Catalyst
— Activated Carbon

... and more!

Copyright © Nomurakohsan CO.,LTD. All rights reserved.




Overview of Nomura Kohsan

We treat a total of 31,700 tons

of mercury waste in 2022

-17,900 tons of dry-cell batteries

-8,000 tons of fluorescent lamps

-5,800 tons of other types of waste
(i.e. measuring devices, etc.)

Copyright © Nomurakohsan CO.,LTD. All rights reserved.




2. Treatment Process




e \Waste is heated at a temperature between 600°C to
800°C

Roasting process

e The mercury evaporates, which is then collected
through a cooling process.




Roasting process

Entrance

B2

———

Center shaft

] Drying zone
Arm
. . [0 Dy
Heating unit » Roasting zone
C Cooling zone
h 4
Exit

)




Mercury reco

M ludge |
ercury sludge | Scrubbing U
l st Electrostatic
Casliig recipitator |
Pretreatment collector Scrubber  Precip Adsorption Staok

Flue gas
(Mercury stream)

Dust Blower

collecter
Multiple - .
hearth Heating
furnace unit M
(Heresshoff furnace)
Dissolution test

——p  Landfill site for waste




Leachate-controlled Landfill Sit_

Double water-sealing structure

Reinforced concrete on the premises

Only residues below the acceptance standard

(Under the Japanese Leaching Test = 0.005mg/L)
Discharged water and groundwater regularly analyzed

“Copyright © Nomurakohsan CO.,LTD. All rights reserved.




3. Management of mercury waste
generated from oil and gas sector




New Idrija
- El Mercurio

Santa Barbara

Red: Mercury hot spots, Gray: Mercury global belts

The source: Giulia Pattelli et al., Effects of the November 2012 Flood Event on the Mobilization of Hg from the Mount Amiata Mining District to the
Sediments of the Paglia River Basin, Minerals 2014, 4, 241-256 Partial modification by JOE
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Mercury wastes generated from oil and gas se_

e We treat mercury waste abroad
in accordance with the Basel
Convention.

- (-)il sd - Iters .

S e We have imported and treated
mercury waste from oil gas
companies in Indonesia and

Thailand.

Catalysts

“Copyright © Nomurakohsan CO.,LTD. All rights reserved.



Basel Convention Procedure

Flow Chart of Import Procedure

e e
"~:> Exporier export | [Flow of Import Procedure] i
r S 1) Making the noffication of & movamant plan .

2) ‘ 3) )i H 2 Making an apalicaiicn of import under tha Famign |

: B

¥ ) Exchange Act

TR GESOM | e The Ministry of 4 Sandingthacopy fthe Agpication '
PUCRETE the Ervironment

4)  Granting fe ma‘ﬂmu'mlﬁm'-mml
T

Exchange Act

5} Giing notica of the import approval i
€]  Recsiing tha consant from the Stats of import

7)  import movement documant I
81 Msaking the appiication for granting the import -
movament documant ]

4]

[
i
i
|
i
[ . :
) | T — g e i In Japan, Ministry of the Environment, Japan (MOEJ)
T i | TSR | o o and Ministry of Economy, Trade and Industry (METI)
o j 10/ Pamnaiompot et Gakiedd have jurisdiction over the import procedure for
9) ‘ I 12) Dalivary and the obligaticn of accompanying any !
| ey | hazardous wastes and other wastes.
. .
N | | e ! Nomura Kohsan has the Certification of Pre-consented
T : ' Facility and Importer.
| I
" Vensnseo s g Some procedures for importing hazardous wastes
|mpO|19r — [k:aling between companies R .
. Dealing berween s company and are exempted or streamlined in case that the
12) Government agency

i Diling BMecR G SR wastes are imported by the pre-consented

T facilities or pre-consented importers.

exportad cangos are not hazamdous wass, it should
12) U. 1) prowa that the cargos am not hazandous.
. State of
Disposer ——"= | Exporier export
14) | b et | R
|:|'f£m|'|:|m)l The Ministry of

Trats and th

Industry Emvironmant

The source https://www.env.go.jp/en/recycle/basel_conv/Legal_Framework_in_Japan/import_by_japan.html N&?



Transportation of mercury waste
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Import records of mercury wastes

Import records from Indonesia and Thailand
Year | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
ndomesia\ 370t | 65t | 32t | 69t | 89t | 47t
Thailand 831t | 570t | 406t

Copyright © Nomurakohsan CO.,LTD. All rights reserved.
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Session 2 - Experiences, lessons learned and
challenges from countries

facilitated by Judith Torres, Ministry of Housing, Territorial
Planning and Environment of Uruguay, Co-lead of the Mercury
Supply and Storage Partnership Area



Experience in managing mercury
along the oil and gas supply chain
and in the decommissioning
activity in Thailand

Dr. Narongsak Chaiyasit
Synergy Plus Co., Ltd.

Thailand
July 2023



<
= Dr. Narognsak Chaiyasit

Education

® B.Sc Biotechnology (Honors); KMUTL

®  M.Sc. Environmental Engineering, AIT

- Ph.D. Interdisciplinary Environmental Science,
Chulalongkorn University

Working Experiences

® ERM Siam - EIA, Waste, Env Audit (5 years)

®  Unocal Thailand - Waste Management, ISO14001, EIA (6

years)
® Chevron Thailand - SHE, Hg Waste, Hg Decont (6 years)
® BMTP Thailand — Hg treatment and Hg Decont (3 years)

®*  Synergy Plus — SHE Consultancy, Hg Training , Hg Study (7 Years)
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Upstream

Crude Qil

i
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from Exploration

and Production
15-20%

62% - Gulf of
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Petrochemical
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Lubricant base
and Asphalt

Different types of
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Mercury Management
in Exploration and
Production Oil and Gas
Industries — Thailand
Case Study

Narongsak Chaiyasit, Ph.D.

Synergy Plus Co., Ltd.
Thailand
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Distribution of Mercury presence
In hydrocarbon productlon streams in the region

&OUTUE-;“ST 4‘\5!1’\

Thailand
«Pattani (~1000ppb)
35mbd
Erawan (~ 1000ppb)
55mbd
*Tantawan 200-

400ppb) 5-Tmbd
«Jasmine (200-
700ppb) 10mbd
Benchamas
{(~400pph) 50mbd

Indonesia
Arun Field
180-300 pg/Nm3

g

Indonesia
. *Wright 2005

Multipie other occurrences

Fealy 102 200000 s YN
A s Pegawoy

TH ek owenes

I\ C Lo A Y "T't HinA
)

A o

e 28

N

A AUSTRALIA

: et SHZAY BandY
"o

,' el

Vietham
-Bach Ho <50ppb
*Rang Dong ~40-60ppb
Bunga Kekwa ~85ppb

Philippines
Malampaya Condensate
{(~100ppb)15mbd

Australia
*North West Shelf
(110mbd) — 10 to 30 ppb
Bayu Undan (70mbd) —
19 to 30 ppb




History of Mercury in
the Gulf of Thailand

> A natural
by-product of
oil and gas
production

> Discovered in
1985 -- a new
experience in Unocal Thailand
operations

» Management
Policies initiated

Synergyplus20230©

Oom

Unit IV

W4

I[NNI

WAL

Gray claystone with

sandstone lens and
some coal

Unit lll (—

Red-brown claystone
with sandstone and

1 lignite/coal

f Gray-brown org-rich shales

with coal and sandstone

——1 Gray-brown shale

1 and sandstone

Pre-tertiary Basement




Mercury management in upstream and middle stream — oil and gas supply chain; = Snerevlus20236
Thailand case study

Offshore
Produced water produced water
injection

Offshore sludge
injection

Mercury recovery Export to other
Mercury wastes at the domestic country recovery
onshore facility facility

Offshore petroleum Offshore petroleum
production wells separation

Offshore Mercury removal —

Natural Gas Mercury removal gas separation plant

Blending only Mercury removal

10% of the in
domestic with Refinery: Naphtha
imported crude Phase

Offshore Trail — Mercury removal

>( condensate suspended solid — petrochemical
L removal plants




Offshore Oil and Gas Production Installation — Gulf of Thailand

As of April 2003
* \Wells Drilled - 1808
® Platforms -108

* Inter-City Pipelines - 838 km.

Synergyplus2023©

Topside [ o

Jacket




Produced Water Reinjection into the Depleted

Petroleum Reservoirs

Gas to LP. Flare Header

Skim Tank
Wiater Header

Injection
Pump

Condensate Header

Produced water €
Fuel ga=s

Condensate Return from Sump Caisson _

ﬁ
Open drain water
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ENVIRONMENTAL MONITORING PROGRAM IN PETROLEUM OPERATIONS
IN THE GULF OF THAILAND

: Synergyplus20230©
1. Monitoring program of mercury and arsenic

compound contaminations in seawater in petroleum
operations areas in the Gulf,

The study revealed that the average level of
mercury compounds in seawater around all fields in
the Gulf does not exceed 0.1 microgram per liter or
the standard quality of seawater in Thai Territorial
Waters Category 1 and the standard quality of seawater
for natural resource conservation, stipulated in the
Announcement of the National Environment Board
No. 27 B.E. 2549 (2006) on seawater quality standard.
The average level of arsenic compounds in seawater
in the same areas does not exceed 10 micrograms
per liter, using the same standards menticned abowve.
The study does not foresee a statistical rising tendency
over the period of 2013-2021.

2. Monitoring program of mercury and arsenic
compound contamination in tissues of benthic fish
in petroleum operations areas in the Gulf.

The report also revealed that the average
concentration of mercury and arsenic compounds in
tissues of benthic fish from every field does not
exceed the standard quality stipulated in the
announcement of the Ministry of Public Health
No. 414, issued under the Food Act B.E. 2563 on
Standards for Contaminants in Food: 0.5 milligram per
kilogram for mercury and 2 milligrams per kilogram

for arsenic, respectively.
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Offshore E&P Hg Waste Management Process

Remote (gﬁgtrzlo?e Onshore
Platform Warehouse <@==mmm  Facilities e.g.
Workshop,
Lab

Disposal
by
Deep well
injection

/ | G

g s g p-u-m---'."
B R Y R Y

Hg Wastes

Domestic

Hg Recovery Facility Residue Waste Disposal

a) Metal recovery

l b) Cement Kiln

c) Hazardous Waste Incinerator

Offshore Processing Pure Hg
Platforms and Sold to Industry with allowed uses

e.g. thermometer, sphygmomanometer
Tankers J PhYS
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I T
i

]

. ¢

*  Former practice for Hg contaminated sludge disposal

°

Need to get approval from DMF

Mercury sludge
Deep Well Injection  noteetciogged

*  Sludge drums are transferred to designated WHP for
sludge injection

*  Well should have suitable formation such that it will
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Mercury Sludge Preparation and Reinjection into Depleted Wells

@ Grinding Unit
‘ @ Slurrification Unit

Inject

Holding/Storage Tank

36
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Pl Soma

O & =

» Coa brpchrathan - Turbo Expander
R L II & Booster Com htl

3 Phase HC

CFromWHP ey =

T

f pr— To inlet separator
03 i e R g, P b i
Leparatas] !

Where Hg Wasteé's are Generated?




lug Catcher Demister Gas Quﬂet

Vortex Breaker Water Out Oil Out

1 Sepa rators
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Mercury Contaminated
Sludge:

Gas Field — Liquid

Sludge

Oil Field — Waxy
Sludge
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> € Dehydration

Synergy

* Glycol sludge

* Glycol filters

4

g Glycol Filter
Figure 7, Glycol regeneration
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C 5
= 9 Dew Point Control Unit(DPCU)

synergy

R

Hydrocarbon Dew
Point Control Unit

G =

| -

[EHPAH ELDH,:' X
— —aq—, W —4-4 @

@ Hg Contaminated Pipe & Equipment

.
.L | ! REFRIGERATION =
m:_L'_Gi[( @ ) g Liquid Elemental
; ) +
OUTLET GAS @ MEG : @ CONDENSATE l
- REGEMERATION —: STABILISATION
PACKAGE ; UNIT

(OPTIONAL) HDPE + Steel Box
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© Mercury Removal Units

Mercury Removal

Synergy
Inlet Separator Production GIYCDI_ _ DPCU unit
Compressor  Dehydratioh
Inlet ! "
Stream . ;

“\

W bl ks 8

Water

Condensate

Sale:s Gas
Hg Spec < 10 pgim3

Membrane Element

Spent MRU Catalvst Ceramic Ball

-+

Filtar
Coalescer

SSERaR T E R

Pipeline
Enmp ressor

Synergyplus2023©

L

Dust collector

Filter Coalescer

MRU Absorber
(Hg Bed)
: MO + H,S —=MS + H,O
MS + Hg —> M/HgS
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C
# @ Vessel Tank Bottom Sludge

Synergy

@ Hg Contaminated Pipe & Equipment

q
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L
B
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Mercury decontamination
Facility — supporting maintenance

C ) .
ﬂ e Hg Contamlnated Equment activities of oil and gas installation

Synergy

and equipment

Incoming Hg Contaminated Equipment

AT Sampling and
Hg Measuring
XRF & AA

Final Disposal

1Y S —

hg Decontamination Wastewater
Physical & Chemical Process & spent chemical

Chemical
treatment

|

Cement kiln

Final Disposal
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Certified UN
Container

F ORI ¥ LR

Stand:ard Other Precaution

MSDS
Subsidiary
: Hazard 4

Synergyplus2023©

Packaging, Labelling

and Securing
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C
P Hg Waste Transportations

Synergy

* Marine Transport —in compliénce with IMDG

* Road Transport — local regulat|ons on transportation of
hazardous wastes «

* Licensed Truck & Driver *  Fire extinguisher » Alcohol & Substance Abuse
' Examination

» Advanced Defensive

. Driving Training

*  Warning sign provided Plan j * Not allow to drive over 6

«  Use Shipment Manifest * 30 Million THB insurance hours

* Install with GPS * Spill response equipment
* Restricted Routes for DG - Emergency Response
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Thermal Desorption and Vacuum Distillation

Hg Waste Treatment — Mercury Recovery
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Synergy
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Hg Waste Treatmént — Mercury Recovery

Hg Waste Storage

Epoxy coated floor

In rack fire springer
Fire resistance wall
Hg and HC detections

Waste Filling into Retort
Full PPEs

Conducted in extraction
hood :

With assistancé of
pneumatic arm

Hg Recovery Area

Isolated and Totally
enclosed

Negative Pressure
Epoxy coated floor
Controlled temp at 25 °C



C
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Synergy

Thermal Desorption

Undertaken at 550 °C for 30-
40 hrs

Heating is done under
vacuum to prevent explosion
for waste with HCs

Residues after treatment —
catalyst (metal recovery),
others (hazardous waste
incinerator or cement kiln

Vacuum Distillation

To separate Hg,%HC and
Condensed Water

HC & condensed water — finally
disposed of in Haz Incinerator

Elemental Hg — sold for further
uses in allowed product

Synergyplus2023©

Hg Waste Treatmént — Mercury Recovery

Gas Treatment

Gas is treated through
Cryogenic — to condense HC
Wet Scrubber — to treat H2S

Hg and HC Catalyst — to
remove HC and Hg
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Synergy

= Final Disposal of Hg Treated Wastes

Cement kiln

Hazardous Waste Incinerator Copper Smelter
* Solid residue from retort (Hg < * Solid resf‘.idue from retort (Hg < * Copper based
20 ppm, As < 500 ppm) 20 ppm As > 500 ppm) catalyst

* Liquid residue (Hg < 20 ppm, As >

Liquid résidue (Hg < 20 ppm, As
< 500 ppm, high flash point)

> 500 ppm, low flash point)
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Natural Gas

C .
Mercury removal ﬂ o Mercury Removal Units

. Offshore process

Synergy

e  Separated offshore

Platform dedicated For

MRU Inlet S Producti Glycol

H nlet Separator roauction . M R I

. Some MRU installed on the . Compressor  Dehydration DPCU unit ercury Remova

existing production

Inlet
platforms Jet . G_, HE

\

Filter
Coalescer
"7 Dast Filter

Condensate

Pipeline
) . . Compressor
Stipulation of gas specification

. . Sales Gas
Which include mercury and the Hg Spec <10 ugim3  * -<
Penalty charge
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Mercury removal Platform — Erawan Field: Gulf of Thailand

= "
o Nnsiien | MO

ERMRP ERCPP ERWA

Erawan Mercury Erawan Central
Removal Platform '
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| Erawan Compression Platform ' Erawan Living Quanter 1 trawan Living Quarter 2
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Mercury Management
in Oil and Gas middle
stream and
downstream — Thailand
Case Study

Narongsak Chaiyasit, Ph.D.

Synergy Plus Co., Ltd.
Thailand
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Mercury management in the oil and gas middle stream process

* Gas — Install MRU to reduce Hg < 10 ug/m3

 Crude Oil

* No Proven Hg Removal Technology for crude oil offshore

» Refinery has now installed the Mercury Removal Unit (MRU) at naphtha phase of the refinery

e Condensate

* An effort was made to eliminate suspended mercury particles from condensate at an offshore

location. This process results in the generation of mercury sludge, which can be disposed of by
injecting it offshore.

* Petrochemical plants that receive domestic mercury laden condensate also has installed the MRU.



Mercury Management in Offshore Oil
and Gas Facility Decommissioning

Narongsak Chaiyasit, Ph.D.
Synergy Plus Co., Ltd.
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Wellhead Platform and Subsea Pipeline Decommissioning Options

Thailand is in an initial phase of the offshore O&G decommissioning. And major installation
to be removed include a) Wellhead Platform and Subsea pipeline

Topside
1)Total Removal and Disposal
2) Refurbishing and reuse

Jacket

1) Total removal and metal recovery
2) Total removal and rig to reef option

Subsea Pipeline S
1) Totamng and metal recovery

2 Leaving in place
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In-situ Subsea Pipeline Chemical Mercury Decontamination: Field Study

B - -
- acid plu | -

& AETTTITES . .

acid plug Subsea pipeline

l.l_h".' B aaraunIaUiinmg o gnudnims

U ox  MEdnmsazaenIaadluvafiiunsiehmNareIaLTILULIAETR (section) Tumsiiumetnuuulngday

- EETTTITIMS . - - AMETETITE

Spent acid
AMsazanenIALTNULA?
:
Neutralization Tank
fasuAmmdunsn-ang
faN5949
ANAUAIBEN filter urdnnduavay

Reinjection into
= v o 1 ' s v S s . Depleted reservoir
31]1‘1 XXX mﬂmmsmsasmﬂn‘imwmuaaﬂmnﬂawmum'imm'm'n:uaxa1m°Lum'smumamauw‘lmaaau

Field pilot trial of the situ-mercury decontamination was conducted offshore with three subsea pipelines and was proven to be
Successful in reducing the mercury in the pipeline matrix to be lower than the TTLC standards with the spent acid reinjected into the well.
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Subsea pipeline
Leaving in-place options (after acid leaching)

Study
Hg in liquid release during Execution :
1.1) Pipeline leave in place option when remove Tie=in spool

Hg in pipeline (Steel) during leave in place (Long Term Release) :

Liquid inside of pipeline shall release after leakage of pipeline

Expansion

Y 1.2) Leak above mudline 1.3) Leak below mudline

Pipeling To shore

Satellite
subsea
wells

(several can be
bundled)

1.4) Long Term Hg in sediment

Flowlines

Petroleum Institite of Thailand
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Subsea pipeline sampling, analysis and verification methods

Paused the PIG at the determined location

AFTER IT STOPS FOR SECONDS, \¢*

A DRILLING UNIT WILL BE AUTOMAT&A\LLY ACTIVATED.

‘e

PIG SPEED :

111 sampling PIG ldaslu PIG launcher inusaiuiieduli sampling PIG 34U
Put the sampling PIG into aulduviouarnea ludununnmual)
PIG Launcher Launching the PIG — propelled by seawater

SAMPLE POWDERS/ILL BE TRANSPORTED ey
70 STORAGE AT EACH SAMPLING LOCATION.
SAMPLES WILL BE SENT TOAABORATORY L

MEInnsIumagiaase LYK NLAINAISIILLANABN MILVIINSIITNTIIATUUUTDYID
sampling PIG azdhglufiuishumisinly Tugeaiumesrsiuenasnainiy amsEAuANaNAnuAl)
Moving to the next sampling location Collection of the drilled debris in the PIG’s magazine Drilling the pipeline’s internal surface

quULA Technology proven subsea sampling service provided by PTTEP’s sister company

A COMPANY UNDER Al AND ROBOTICS VENTURES
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Ecological impact assessment

. . . . Hg speciation study (in
For subsea pipeline leaving in place pipeline)
- after acid leaching

Leachability study in
acid and seawater

Mercury scavenging
and partitioning studies

Mercury bioavailability
and
bioaccumulation

Pipeline leaving in place

studies after acid leaching

Seawater quality

Mathematical
modeling

Marine sediment
quality

Mercury deposition in
marine sediment

Note; none of subsea pipeline is
Permitted for leaving in place (2023).
This is only the study phase.

Sediment toxicity

Sediment toxicity




Mercury Speciation study on pipeline surface

SEM-EDS Analysis
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XPS — Analysis; Pipeline before chemical leaching
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Total subsea pipeline

Removal options - Hg in liquid release during Execution :
after seawater flushing

(Same with option 1.1)
2.1) Totally Remove Option when remove Tie-in spool

2.2) Pipeline Totally Remove Option by cut to small pieces technic

1. Preparation } ROVENIOSY 2. Cutting W ROVSODSY
e \-s..-‘.-l. : AN
pnameny | [ Beasons 0, 2.3) Pipeline Totally Remove Option by reverse
WHP P gty R S S .
N S-lay technic
3. Litting — L Offloading Handted Cut Sction, RISV
3 oo 1 Pt Carrwe nlae v -E-T.‘ '
o A0 e e
flowline x % ‘ - ’
, Riser ( \ RN T e
Sateliite \\) P =
subsea }‘ —trre AN e e
wells ‘\
Subsea Tie-in \) . L ca rninte Euture Labiities
; maniiold }s Liquid release points Neoe
Flowlines
(several can be
bundled)
Flowlines

Studies conducted by Chulalongkorn University, Synergy Plus and Petroleum Institute of Thailand

* Seawater quality modeling study
 Marine sediment quality modeling study
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Total Wellhead Platform Topside Several onshore dismantling yards
that in Thailand which are licensed

for mercury cleaning and dismantling

And Jacket Removal for cleaning and
Recycling at onshore dismantling yard

Topside ~ ==

Jacket

»’\. )

TS

hi\ \

* :
Transportation of WHP’s topside and jacket to onshore iy

licensed dismantling facility




Offshore transportation by tow barge

3 ','."“
v = "ﬂt -
4’&%«‘
) Danlt o AN

/

Final cutting and transport to designated

smelter

WHP Jacket Dismantling Process

SPMT Transfer to laydown area

Pressure pump 5 Unit

Q
§ - NNN NANNNSN NN

/

Nozzle 10 unit

Srape Mechine cpapacity 1,000 m2 per day

Jacket leg cutting

Jacket cleaning of marine growth and binnacle




WHP Topside Dismantling and Mercury Decontamination Process N;-'}\W
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Preliminary

Final cutting and

screening of '

: . transportation
equipment using
Field Portable-

XRF

to recycling

facilities

) ol g o7 e Final FP-XRF Screening and laboratory analysis

removed equipment and

Pre-cleaning by Field
Portable X-ray

¥

Draft guideline for sampling and analysis

pipe from the topside of
WHP

Fluorescent
Spectrometer (FP-XRF)

of the oil and gas installation and

equipment after cleaning ‘\\
NFC\W

Cold cutting Ultra—highpressure

Control of H -
ontrol of Hg vapor Hydro blast or

local exhaust or habitat . .
Chemical cleaning
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Mercury Decontamination Process

Chemical soaking Close-looped chemical circulation

Ultra high pressure hydro-blasting

Jetatrea ofters & full ke Of sra-
high prosaure tube cleaning tooka.
Tooks INChucke NGt and et ances
ana 1ancng d
designed for sate. efficient cheaning of —_— o
X ERCTARr. SN CONCIrSar Tt =
~
Avy 3 .
NG

From: Presentation on Mercury Removal Technology: THIS, Lee Hunter From: Presentation on Mercury Removal Technology: THIS,
Lee Hunter

MANUAL
FUGID LANGE GLEANING

The tanks is provided with a cover with a vent to air treatment
system

http://www.waterblast.com/uploadedFiles/Site/Service_and_Support/Rescurces/20KCatalog(5).pdf

Wet scrubber
During blast cleaning

%v

&1 dry scrubber wuundoudelaiiuau 10 §1 vie 5 unit
\
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Synergy

Thermal Desorption

Undertaken at 550 °C for 30-
40 hrs

Heating is done under
vacuum to prevent explosion
for waste with HCs

Residues after treatment —
catalyst (metal recovery),
others (hazardous waste
incinerator or cement kiln

Vacuum Distillation !

To separate Hg,gHC and
Condensed Water

HC & condensed water — finally
disposed of in Haz Incinerator

Elemental Hg — Esold for further
uses in allowed product

Hg Waste Treatment — Mercury Recovery

Gas Treatment

Gas is treated through
Cryogenic — to condense HC
Wet Scrubber — to treat H2S

Hg and HC Catalyst —to
remove HC and Hg

rgyplus2023©



Synergyplus2023©

Lessoned learn from Thailand Oil and Gas Industry on mercury management

Produced water, even with low levels of mercury, should be reinjected into depleted wells instead of being discharged
overboard to prevent environmental contamination.

Mercury-contaminated sludge should also be reinjected into depleted wells to minimize offshore and onshore handling and
transportation.

Feasibility studies should be conducted to assess the technical viability of pulverizing and reinjecting spent MRU catalysts into
depleted wells.

Due to the significant environmental risk, insurance companies cannot provide environmental liability coverage for the total loss
of mercury waste containers during transboundary shipment.

A dedicated mercury decontamination facility is essential to ensure worker safety and control the release of mercury into the
environment during maintenance activities on oil and gas equipment.

Transportation of mercury wastes should be minimized and carried out using UN certified drums (class X or Y) to meet safety
standards.
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Lessoned learn from Thailand Oil and Gas Industry on mercury management

* To minimize the generation of mercury waste transportation onshore and prevent environmental release, the
offshore reinjection method should be utilized. This method reduces the need to send mercury waste for the
recovery process, which may have the potential for environmental release of recovered elemental mercury at
the end of the product's life cycle.

* Produced water — Hg contaminated
* Mercury contaminated sludge — from vessel cleaning, ship cargo tank sludge removal
*  MRU catalyst — needs more technical trail for pulverization and slurrification method

* For managing of the mercury management for the middle stream process, the following shall be considered:

* To establish a standard for mercury content in sales gas, treatment processes should be provided since from the upstream phase of natural
gas production. Gas separation plants should incorporate Mercury Removal Units (MRUs) to control mercury levels in the final products
and safeguard sensitive process equipment.

* Further investigations should be conducted to remove mercury-laden suspended solids from condensate in offshore processes. This will
ensure that the supplied condensate to petrochemical factories contains minimal levels of mercury.

« Therefinery shall installed the MRU at the naphtha phase to control release of the mercury into atmosphere.

* Petrochemical industries should also install MRUs at appropriate locations within their processes to control mercury specifications in the
final products.

* In situ mercury decontamination of PIG-able subsea pipelines has demonstrated the ability to reduce mercury
levels below the Threshold Limit Concentration (TTLC) limit. Spent acid from the cleaning process, which
contains mercury, can be safely reinjected into depleted wells.



The Guidelines developed by Thailand related to mercury management in oil and gas industry

Guideline for Identification and Assessment of Mercury Decontamination Techniques for Installation and
Equipment from Oil and Gas Decommissioning in Thailand, Department of Mineral and Fuels, Ministry of
Energy, Thailand (Thai)

Guideline for Site Selection of a Decommissioning Facility Receiving Mercury Impacted Installation and
Equipment from Oil and Gas Decommissioning Activities, Department of Mineral and Fuels, Ministry of
Energy, Thailand (Thai)

Operational, Health, Environment and Safety Requirements for a Decommissioning Facility Receiving
Mercury Impacted Installation and Equipment from Oil and Gas Decommissioning Activities, Petroleum
Institute of Thailand (Thai and English)

Guideline for Field Screening, Sampling and Analysis of Oil and Gas Equipment and Installations after
Mercury Decontamination, Department of Mineral and Fuels, Ministry of Energy, Thailand (Thai)

Studies for best practical environmental options for decommissioning of offshore wellhead platform and
subsea pipeline (ongoing)



Global Mercury Partnership Online Session
“Managing Mercury along the oil and gas value
chains: sharing of experience and best practices”
July 18, 2023

Challenges Iin the Latin

American Region for the

management of mercury |
ector




The Basel Regional Center for South America for
Training and Technology Transfer (CRBAS) has
been located at the National Institute of
Industrial Technology (INTI) Buenos Aires,
Argentina, since 1999.

Being a technological benchmark for the South
American region, its objective is the formation
and strengthening of control and production
structures in the South American region
(Argentina, Bolivia, Brazil, Colombia, Chile,
Ecuador, Paraguay, Peru, Venezuela and
Uruguay).

CRBAS

Centro Regional Basilea
para América del Sur

Instituto Ministerio de Economia Secretaria de Industria
Nacion aI Argentina y Desarrollo Productivo

de Tecnologia

INTI Industrial
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Projects Hg BCRC Argentina

* 2011 Minimization and environmentally safe management
of wastes that contain mercury in chlor-alkali plants in
the Argentine Republic

« 2015 Development of Plans for Mercury Risk
Management in Latin American and Caribbean Countries

Objective: To strengthen Argentina's capacity to identify sources,
qguantify emissions, and determine priority actions to address mercury
issues within the framework of the Minamata Convention, and with a
view to its implementation.

National Inventory of Mercury Releases in Argentina: Levellfor Oil and
gas sector using the National Energy Balance

CRBAS

Centro Regional Basilea
para América del Sur

MINIMIZACION Y MANFEJO AMBIENTALMENTE SEGURO
| IS DESECHOS QUE CONTIENEN MERCURIO EN
LANTAS DE CLORO ALCALLEN LA REPUBLICA ARGENTINA

CENTRO REGIONAL BASILEA PARA AMERICA DEL SUR (CRBAS)
INSTITUTO NACIONAL DE TECNOLOGIA INDUSTRIAL (INTI) AMBIENTE

o RED de o ‘v""' o,
Ve W8 G @




Projects Hg BCRC Argentina

* 2016 Identification Feasible Potential Strategies for
Environmentally Sound Management of Used Lamps in
Chile. Publication May 2021

Objective: To assist the Ministry of the Environment of Chile in the

development of strategies to improve the management of used
lamps.

* 2019 Capacity Building Program for the Implementation
of the Minamata Convention (SIP) Project 2018.
Publication December 2021

Objective: to strengthen the country's capacity to implement
Article 4 of the Convention and develop information generation
mechanisms to comply with the Minamata Convention

CRBAS

Centro Regional Basilea
para América del Sur

IDENTIFICACION DE
POSIBLES ESTRATEGIAS
PARA DESARROLLAR

EL MANEJO
AMBIENTALMENTE
RACIONAL. |

Minamata Convention
in Argentina
Argentina SIP Project 2018/01/LAC/ARG

Diciembre 2021




Workshops Hg BCRC Argentina

Workshop Launch Development of Plans for Mercury Risk Management in Latin
American and Caribbean Countries. April 13, 2016

Project Closing Workshop Development of Plans for Mercury Risk Management in
Latin American and Caribbean Countries. May 15, 2016

Regional Consultation Meeting for Latin America and the Caribbean in preparation
for the first Conference of the Parties to the Minamata Convention on Mercury. July
25 to 28, 2017

Side Event: Special Session with UNIDO. Mercury Waste Management in GRULAC
(Group of Latin American and Caribbean Countries). July 27, 2017

Communication Workshop Development of Plans for Mercury Risk Management in
Latin American and Caribbean Countries (UNEP-GEF Project). August 17 to 18, 2017

Workshop Identification Feasible Potential Strategies for Environmentally Sound
Man ent of Used Lamps in Chile. December 18, 2020

CRBAS

Centro Regional Basilea
para América del Sur




The Austral Basin is located in the extreme south of South America
and covers part of the Argentine provinces of Santa Cruz and Tierra
del Fuego, the Strait of Magellan

South America \J

Hg (gas) = 50-120 pg/m? South East Asia, Australia

Hg (condensate) = 26-40 ppb Hg (gas) = 200-300 pg/m’
Hg (condensate) = 10-800 ppb

ercury hot spots Global mercuriferous belts

O

Santa Cruz Province Province of Tierra del Fuego, Antarctica and South Atlantic Islands
Ministry,of Environment Environment Secretariat
Ministry of,Health and Environment Ministry of Production and Environment

r— N N & r CRBAS
‘: San t Jc':] Cruz |wwsremooe Secretaria de Estado ek e PO \ Centro Regional Basilea
3=/ Gobierno de la provir | AL Y- AMEIENTE e Amblente etaria de Ami .

para América del Sur

SOMOS s,




Provinces

* Santa cruz

v" The exploitation of crude oil is in charge of the Comparia General de
Combustibles — Oil field maria inés

v All crude produced is operated in an on shore upstream mercury
removal plant (MRP)

v" The plant was Developed by PETROBAS ARGENTINA and Union Qil
Company of California (UNOCAL) and commissioned in 2006

v The oil was filtered through a diatomaceous earth precoated candle filter

v" The removed waste material containing residual mercury matter was
reinjected in diluted agqueous form to a deep disposal well near the MRP,
through the deep injection method D3 Annex IV Basel Convention

v" The bottoms of storage tanks that could contain wastes are heated so as
no generate sludge

( CRBAS
W Centro Regional Basilea

para América del Sur



Provinces

* Tierra del fuego

REPUBLICA ARGENTINA

v' Crude oil is not processed in the province TERRADEL FUEGO, ANTARTIDAE ISLAS DELATLANTICO SUR Oter JGIY 8.

v' Mercury concentration analysis

v It is exported to Chile, the United States of America and the
Netherlands

v" Technologies are being presented to eliminate the mercury
waste generated

C‘ CRBAS '
@ Centro Regional Basile

para América del Sur



Hg in a refinery in Buenos Aires

The Campana Refinery in the Province of Buenos Aires was warned through
crude assay updates and external alerts of the potential (2009)

The Refinery initiated sampling of its crudes and various refinery streams

based on the chemistry of the mercury distribution

in the different cuts, for the analysis, a laboratory was used for the presence
of mercury. On that occasion, samples of inputs and even of the crude oils
were sent separately, to external laboratories in the United States of America,
detecting high levels of mercury in the crude oil from the Escalante Field in

Comodoro Rivadavia in the Province of Chubut

Based on the first tests carried out, the Refinery acquired the first equipment
detection of Hg at low concentrations in Argentina in order to monitor hg

levels during the process and in commercial products

5

CRBAS

Centro Regional Basilea
para América del Sur

D ‘Provincia de
JGN BUENOS AIRES




Challenges Oil and Gas sector and Hg in the Region

v' Data on emissions and releases

AN

Decommissioning of infrastructure

AN

Detecting and monitoring; global harmonized studies with comparable
analytical techniques

Laboratories infrastructure and inter-laboratories exercises
Lack of emissions factors of processing technologies
Expertise in corrosion and embrittlement controls

Concentration maps updated

N X X X X

Mercury waste management: saturated waste water filters and
adsorbent from MRUs; sludge from maintenance, cleaning operations

( CRBAS
\\l Centro Regional Basilea

para América del Sur



CRBAS

Centro Regional Basilea
para América del Sur

\4

iThank you!
iMuchas graclas!

Alberto Santos Capra

acapra@inti.gob.ar

https://bcrc-argentina.net.ar/
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Treating Mercury Waste Generated by
the Production of Oil and Gas in Ghana

Managing mercury along the oil and gas value
chains: sharing of experience and best practices -
Virtual event

Sam Adu-Kumi, PhD

adukumisam@yahoo.com

Accra, 18 July 2023
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Oil and Gas Industry in Ghana: An Overview

¢ Ghana’s oil and gas industry is still in its developing stage with
operations in the downstream sectors, mid-stream as well as
upstream

¢ That notwithstanding, the sector has experienced significant growth,
particularly since the discovery of oil in commercial quantities in the
Jubilee fields in 2007 (first significant deep-water discovery)

¢ Average crude oil production capacity has been declining slightly
over time, with an average 176,000 barrels per day in March 2023

* Full commercial natural gas production started In 2014 and
production peaked in 2020 reaching nearly 2.4 million metric tons of
oil equivalent.

¢ Natural gas is sent via pipeline from the Kwame Nkrumah FPSO to
the onshore Atuabo natural gas processing facility and is used for
domestic power generation

Sam- Climate and Chemicals Policies-Synergies
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Oil and Gas Industry in Ghana: An Overwew

GHANA o J

s At present, Ghana has three major
offshore oil and gas fields namely:

= Jubilee W

= Tweneboa, Enyera & Ntomme |
(TEN)

= Sankofa

*» Major oil and gas activities are
conducted by international oil
Companies SUCh aS WESTERN BASIN CENTRALBASINE EASTERN BASIN

=  Tullow Ghana, i ,.,.,,,h Ej;;;;;[:: Pebs s
- VitOI ,'"' Offshore Cape Three Po ints(OCTP')'

i Development/Production ik
= Kosmos Energy i B

= ENI
= Aker Energy

7/26/2023 Sam- Climate and Chemicals Policies-Synergies 116



Treatment of Mercury Waste in the Oil and Gas Industry in
Ghana ()

¢+ Baseline Monitoring Surveys were conducted in 2011-2013

*»* Mandatory environmental monitoring surveys (EMS) are to be
conducted regularly offshore

*» Objectives of the monitoring survey are to:
= provide comparison of the quality status with previous
measurement and with baseline values
= |dentify elevated levels of some target environmental pollutants
= access medium to long-term impacts of routine offshore
discharges

7/26/2023 Sam- Climate and Chemicals Policies-Synergies
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Treatment of Mercury Waste in the Oil and Gas Industry in
Ghana (ll)

s Mercury content:

= Slightly elevated concentrations of mercury have been recorded
at the Jubilee and TEN fields (2018 and 2019).

= |tis alleged that levels are unlikely to negatively impact on
benthic communities at those stations

= Assessment of sediment mineralogy are to be conducted to
provide information on the source of the elevated mercury
concentrations observed

7/26/2023 Sam- Climate and Chemicals Policies-Synergies
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Treatment of Mercury Waste in the Oil and Gas Industry in
Ghana (lll)

¢ Current practices:
* Information gathered from the various oil companies indicate
that:

 zero or no mercury is released during operations therefore
there Is no consideration of modes of disposal

 they however have sand treatment units in the produced
water systems for the treatment and disposal of produced
sand

 sand units are not online or operational since there is no sand
production

7/26/2023 Sam- Climate and Chemicals Policies-Synergies 119



Conclusions/Recommendation

¢ This short investigation has revealed that:
= Mercury production, treatment of waste and disposal has not
been a concern for regulators (EPA) and player in the oil and gas
sector

» EPA and other regulators need to take immediate action to monitor
the sector in compliance with Ghana’s obligation under the
Minamata Convention on Mercury

¢ The Oil and Gas sector must be sensitized to take immediate steps to
monitor mercury production and introduce appropriate technologies
to treat mercury waste and dispose of them in an environmentally
sound manner

7/26/2023 Sam- Climate and Chemicals Policies-Synergies
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Questions and Discussions

NO 0 QUALITY 5 GENDER 6 CLEAN WATER
POVERTY INGER EDUCATION EQUALITY AND SANTTATION
600D JOBS AND 10 REDUCED KT s | RESPONSIBLE
ECONONIC GROWTH INEQUALITIES Ll CONSUMPTION
o,
—
‘. -

1 CLIMATE 1 LIFE BELOW 1 PEACE AND PARTNERSHIPS
ACTION WATER JUSTIGE FOR THE GOALS

nable Development

THANKS FOR THE KIND
ATTENTION

Sam- Climate and Chemicals Policies-Synergies
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Closing remarks
by Rodges Ankrah, Environmental Protection Agency of the
United States, Chair of the Partnership Advisory Group
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