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Agenda — Offshore Water Toxicity Management

Hosts: Simon Ivar Andersen and Charlotte Lassen, Danish Offshore Technology Center

W

10:00 Welcome / setting the scene

10:05 Where is legislation to protect the marine environment heading?
Mathijs Smit, Shell Global Solutions

How toxic is toxic?

10:30 - (I) Toxic components in discharged water
Karen Louise Feilberg, Danish Offshore Technology Center

10:50 - (IN) Intelligent Testing Strategy
Lars Michael Skjolding, DTU Sustain

11:10 - (Il) Marine biodegradation of discharged chemical components
Philipp Mayer and Mette T. Mgller, DTU Sustain

11:30 Enabling PW reinjection in chalk
Benjamin Lorenzen, IKM Ocean Team
Hamid Nick, Danish Offshore Technology Center
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Assessing Environmental Impact
Legislation Proposing solutions ) Action

PW sample

§ Compliance §
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Produced water RI

Incubation time (days)
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Management of offshore
discharges and chemicals use

Where is legislation to protect the marine
environment heading?

Mathijs Smit — Shell Global Solutions / IOGP




Content

> Introduction to IOGP

» Global regulatory concepts for marine discharges

» Risk-based assessment (RBA) approaches

» Developments in the OSPAR region

» Energy Transition and Water Stewardship




Introduction to IOGP

Region 5

* The International Association of Oil & Gas
Producers (IOGP) is the principal safety and
sustainability association for the global
upstream industry

* [IOGP’s 80+ Members produce 40% of the
world’s oil and gas

» |OGP brings together members to identify
and share knowledge and good practices in
health, safety, the environment, security and
social responsibility

Region 7

Region 4

ADNOC

wcommissioning Environment

EU
,ﬂ‘,\ ( ;:I‘?

Health Metocean
. o .
Security Standards Subsea

L) Strategic Communications Panel
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|IOGP Environment Committee

* One of the founding Standing Committees in IOGP
« Develop and promote good environmental practice
« Sponsor and undertake scientific research to develop appropriate risk management approaches

* Proactively develop and advocate the industry’s position in response to changing regulations

» Focus areas: environmental performance reporting, underwater sound, biodiversity and ecosystem services,
regional policy, methane, energy efficiency, produced water, environmental monitoring

Report 629: Environmental sampling and
monitoring from airborne and satellite remote
sensing

Report 630: Comparison of Methane Reporting
Requirements

Report 633: Risk Based Assessment of

: Report 601R: Microplastics in the Upstream
Offshore Produced Water Discharges

Oil & Gas Industry.

Report 254: Environmental Management in

i Report 602: Environmental effects and
~ 5 the Upstream Oil and Gas Industry P

regulation of offshore drill cuttings discharges
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Historical Development of Global Offshore PW Management

]

COMMISSION

NPDES WET testing &

. . - Established (1992) A lia ALARP
Oil & Grease identified : — Sheen monitoring ustralia
i 1stUS Oil and Gas 2009
as an Important . Oil and grease EGASPIN Nigeria (2009)
indicator for discharge Extraction Effluent limits of 20 mg/L ODZ (2002
monitoring Guidelines and Standards 22 (2, OSPAR RBA approach
) o and 42 mg/L,
Oil and grease limits of 48 (2012)
472 o (1976 BAT & BPT (1993) Norway zero
and 72 mg/L. (1979) harmful discharges (2000)
Implementation of o | e |
PARCOM set OiW PARCOM limit of * ! OSPAR OiW revised to “
- Y e A~ e ' Eiropean
Ilmlt Of 40 mg/L 40 mg/L SEEEES 30 mg/l (2001) tO be Commission
(1978) QorRQ .
Blue Water 1 (1988) HQorra achieved by 2007 & 15% EU - BAT guidance
(1962) CHARM and HMCS reduction of total oil document (2019)
(1996)
Technology driven Risk and impact driven

of Qil & Gas
Producers

end-of-pipe standards standards I orgzaz?gi?onf'



Global overview of OIW Levels for offshore PW management

NORWAY
30 mg/L dispersed oil
Hesere B monthly avg 4 .
Ar 30 mg/l max e Argtic Ocean
lew Sibenan Islands
CANADA Greenland (Den.) S
ALASKA 30 mg/l dispersed oil = engeritan
29 mg/l TO&G monthly avg. R
monthly avg 44 mgll rolling 24 hr.
42 mg/l TO&G daily limit No[Way R_USSIA -
ot Einland Facility Specific
UK / NL 2
30 mg/l dispersed oil gdom— " SWed§ 60
Canada monthly avg. Dép: Aleutian Klands (USA)
100 mg/l instantaneous INgi: Pola
limit gl Gemany AZERBAIJAN
Island of Newfou Czech. I a Kuril Islands
Phis. Project specific .
e Swiz. SV Mongolia
Clg.
. 0f
North Atlantic Ocean) i, taly
H H Spain Al N.Korea
United States of America Poruga ST Turkey
. . S. Kored Japan L.
North Pacific Ocean Taisia | Afgranisan e North Pacific Ocean
Canary Islands (Sp'}/lomcco 15 rI]EW(g;/|Y1Fjg)&G el ]
i q it Pakista Nepal
rpas Algeria | jp 0.5 mg/ - 4
Westefi Saiiamior) hydrocarbons of |2 . S )
HaWaii oil origin mla . Myanmar (Buma) Taiwan
GULF OF - . Oman W
Us A CALIFORNIA 1 TR!II_\I(I)IZ;AA%SND Mauritania i Niger 4OIND/I|A
29 mg/l TO&G 29 mg/l TO&G e senefal Tmc?& é’“’g Thail BRUNEI
monthly avg monthly av mg The Gambia == SAUDI ARABIA 50 mg/l max TO&G
y avg 100 mg/l TO&G 100 mg/l max
42 mg/l TO&G 42 mg/l TO&G Guinea-Bissau \Guinea NEEERIA 5 mg/l TO&G; no TO?&G daman Islards (i 30 mg/l Total Hydrocarbons Marshall lslands
daily max daily max Siema Leone 30 mg/l avg sheen in mix zone MALAYSIA ted Statés of Micronesia
e 100 mg/l max TO&G
1 Guiana (Fr.) Alia SINGAPORE
Colombia 5 15 mg/l max TO&G
ingapore|
Galapagos Islands (cuado)  ECUBCOT Sa0 Tome &Wn/clpe . Knoad
ANGOLA rUnd| PapuaNeWGliined, solomon fsland
Co ) ja  Sevchell s
) 30 mg/l total oil qnia e
Peru Brazil monthly avg
45 mg/l total oil 0zambjgue
livi daily max
Bolivia Madagascar
French Polynesia (Fr) 2 &;’T%&G New ca R !
Paraguay monthly avg Mautis Indian Ocean AUSTRALIA
42 mg/l TO&G " 30 mg/l avg OIW
daily max ) Swaziland 50 mg/l max OIW
South Affigatho
Uriguay

South Pacific Ocean

Chile Argentina

South Atlantic Ocean

Falkland Islands (Islas Malvinas) (adm. by UK, claimed by Argentina)

Tles Crozet (France)

NEW ZEALAND
30 mg/l avg OIW
50 mg/l max OIW

Tasmania

1GP
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End-of-pipe limit values

Limites permisibles
Descarga a Cuerpo Receptor (mg/L)
Agua dulce, Aguas
Parametros incluyendo costerasy

humedales estuarios
H|dr9carburos Totales del 10 10
Petréleo
Sélidos Disueltos Totales 500 32,000
Fenol 0.1 0.06
Sulfuro de hidrégeno 0.002 0.002
Hierro 1 0.05
Etilbenceno 0.1 0.5
Benceno 005 0005
Tolueno 0.2 0.06
Hidrocarburos Aromaticos

. - 0.1

Policiclicos
Aluminio 0.05 0.2
Bario 0.01 0.5
Boro - 0.009
Cloruros 250 -
Cromo 0.05 0.01
Manganeso - 0.02
Acenafteno 0.02 0.01
Vanadio 0.5 0.5
Conductividad Especifica, 075 075
S/m

Mexico NOM-001-SEMARNAT

PersmssiBLE LEVELS
Water Pollutants Receiving Environmsant
Inland Coastal Marine Environmentally
No. | Parameters or Substances | Surface |MNearshore| Offshore Sensitive Areas
Water and/or Croundwatd
Levels or Conditions
1. |Temperaturs a5 1] 45 MIAA
2. | Dissolved Oxygen | < £ | =
3. |Hydrogenion (pH) 6-9 6-9 &9 5]
4. |Five day Binlogical Oxygen 0 50 100 10
Demand (BOD; at 20°C)
5. |Chemical Oxygen Demand 250 250 250 60
(COIN
6. | Total Suspended Solids [TSS) S0 150 200 15
7. |Total Oil and Grease (TO®C)) (4] 15 100 Mo releass
or n-Hexane Extractabla’.
Matarial (HEM)
8. |Ammoniacal Nitregen (as 10 10 10 0.l
NHz-MN)
9. | Total Phosphoms (as P) b =1 5 0.1
10 | Salphide (as HaS) 1 1 1 0z
11, |Chiloride (as C1) 250 NIAA NIAA MNIAA
12, | Total Residual Chlorine 1 1 2 0z
{as Clg)
13. | Dissolved Hexavalent ol 0l 0.1 001
Chromium (Cré+)
14. | Total Chromium (Co) 05 0.5 05 0.l
15, |Dissolved Iran (Fe) 3.5 35 15 1.0
16. |Total Petroleum Fis 10 &0 Mo releass
Hydmocarbons (TPH)
17, | Total Mickel (N 05 0.5 05 05
18, |Total Copper (Cu) 05 05 0.5 0.1
19. | Total Finc (Fn) 2 2 2 (il
200 | Towal Arsenic (As) ol 0.1 0.l 0.1
21, |Total Cadmium (Cd) ol 0l ol 0.1
22 | Total Mercury (Hg) 0. 0.01 0ol 0005
23, |Total Lead (Ph) ol 0.1 0.l 005

Trinidad and Tobago Water Pollution

Rules

1GP
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Global Risk-based Approaches

4 hYd

~

Norway
[r——— UK Zero harmful discharge Srwmays Emi
A — OSPARRBA: goals,
Cred Tiered assessment incl. OSPAR RBA: Substance
Canada B WET testing, substance- hased assessment and
Environmental Effects baszed aszeszment Environmental
Monitoring (EEM) by monitoring
usa sediments, water and /Emdm. j \“ rmmnarinans j .
biota Y- N\ Russia
Netherlands/G |
etherands/Germany
| Denmark
P OSPARRBA: L WET i
Sy IS ds'ﬂﬁ g OSPAR RBA- Substance S _
e based assessment Mongolia
baszed asseszment S
. North w Kygymms
Unit \.. j \ j Tedmomies - fugoes
North Pacific Ocean Us / Gulf of Mexico - 2 A :
Whole Effluent Toxicity e -;-:c-.,,-}‘."h“’m k= N = Fan China
Testing i ¥ Algeria . it Piam= el
Critical dilution at 100m Vo i ) Libya  Egypt o
Hawaiian Islands distance - Sandi  Wrdbia Tndia o, T
. . ) &T:Eln lacs
U s A - Mamitania g Niger Ay
:.‘: FEE Gumer Rise (U5 Domims . Sudm Terren Esmd
C_zjz::. Lsr.:z = - Zaizim T G :‘ Hknsgo Chad i 1 “fn
= iz Bmam fwma Bom= Dijims B i i
s A Venemnda®=; _ i Chnhlz = CaAk Ethiopia Madn = Bt
=== - C=xcam . .
Colonds Kl Uganda Semalia S
Gaipmger bima Emds  Ecuador Brazil o T 3 Gebeg R.wand;_h Kmya. hdonesia
Whole Effluent Toxicity o Zar B'-‘m-t_ldl o
Testing with field ngo MEL Tanzania  ===t=
Pem samples Angola = )
Favbia - Mozarbigue
o Madagascar
French Polvneda (Fr) N:;'nbla Zirbabwe
Parazuay ° Ea." Indian Ocean
Swvazland
South Afseatho
. - Umiguay . .
South Pad fic Ocean Chile Apentina South Atlantic Ocean

Flldasd hizmda (ks Makiza ) (= by VR dsmsd by Ag=ins)

Io CmmtFmes)

Wemngsl bl
Almaian klmd U24)
N Vo=
2 Hpemy _Tq;gn - .
North Pacific Ocean
e

Mmbi bk

Fedmed Shed efjliomae

Bazm (34
Fapmiew Guns e
Australia ]
Ohjective based regime Caiys
of RBA. Risks managed
to ALARP*
N w Tz bl

G

* Ac | v Ac Reacnnabh Pratirable

International
Associalion
of Qil & Gas
Producers



Why considering risk-based approaches?

» Increased effectiveness in assessing and reduction of potential environmental harm

» Not prescriptive: Absence of generic end-of-pipe limits for individual produced water
components (although often used in combination with oil in water standards)

» Flexibility to evaluate site-specific discharges on a case-by-case basis using location
specific inputs

Efforts are scalable to situation; more severe or relaxed as required
Provides priority of actions

Accounts for uncertainties

YV V V V

Can be executed in all phases of development from concept to operations (model
based)

Aszsocialion



Risk-Based Approach Framework

r 1. Data Collection —l
2. Hazard 3. Exposure
Assessment Assessment

4. Risk |

Characterisation

!

5. Risk

Management

!

6. Monitoring

(USEPA 1993, EU-TGD 1996)



Assessment of (No) Effect Thresholds

Substance Based Approach

\4

Chemical characterization of PW
Combines chemical analysis and models
Compare individual concentrations (after
dilution) with established thresholds

Y VY

A\

Determine toxicity of the whole effluent
Establish (critical) dilution required to reach
safe levels

» Compare required dilution with actual
dilution

Whole Effluen

A\




ssessment of Exposure

Screening Tiers

-

Lookup tables (e.g. NPDES)

Tahle 1: Produced Water Critical Dilutions

Tabhle 1-A: Critical Dilution (Percent Effluent) for Discharges with a Depth Difference Between the
Discharge Pipe and the Sea Floor of Greater than 0 Metersto 4 Meters

Discharge Rate Pipe Diameter (inches)
(bbl'day) 0" to 8" | 28" o 7" | P7" to 9" 9" te | F11"to »15"
11" 15"

0 to 500 0.07 0.20 0.16 013 0.10 0.08
501 to 1000 0.16 0.39 032 0.26 0.20 0.16
1001 to 2000 0.35 0.35 0.63 0.56 0.40 0.31
2001 to 3000 0.55 0.54 0.94 0.79 0.60 0.47
3001 to 4000 0.89 0.85 0.835 0.835 0.85 0.85
4001 to 5000 1.14 1.09 108 108 1.08 1.08
5001 to 6000 1.40 1.35 1.30 131 1.31 1.31
6001 to 7000 1.66 1.59 151 153 1.53 1.54
7001 to 8000 1.90 1.83 175 174 1.73 1.73
8001 to 9000 2.13 2.07 2.00 194 1.93 1.94

9001 to 10,000 2.38 2.30 221 213 2.13 2.14
10,001 to 15,000 3.15 3.39 328 318 3.04 3.04
15,001 to 20,000 4.34 4.39 423 413 3.83 392
20,001 to 25,000 5.14 5.43 520 517 4.77 4.46
25,001 to 35,000 6.36 7.18 7.18 6.86 6.56 5.96
35,001 to 50,000 7.29 8.91 9.44 9.20 8.62 8.03
50,001 to 75,000 8.33 10.52 11.72 12.22 1134 10.90

e.g. CORMIX (3D steady-state)

Analytical model (2D steady-state)

e.g. DREAM, MIKE (3D — time variable)




Case 1

Whole Effluent Approach US — Gulf of Mexico




Produced Water Management - Gulf of Mexico

« EPA - Oil and Gas Extraction Effluent Guidelines and Standards (1979 - 2016):

* No discharge of produced water to coastal zones (< 3 nm)
 Oil and Grease: 29 mg/L (monthly average) 42 mg/L (daily max)
» Best Available Technology (BAT) or Best Practicable Technology (BPT)~

| Ao R
e ’(‘éﬁ-}:r"-“;' oiva Refinery~———_ }

« Monitoring requirements:
* Flow
 Toxicity (inputto RBA)
* Oil and Grease

* Visual sheens

Perdido —’Q Silvertip
Great White Tobago

GULF OF MEXICO



Toxicity Testing and Ciritical Dilution

Methods for Measuring the Acute
Toxicity of Effluents and Receiving
Waters to Freshwater and Marine
Organisms

Fifth Edition

October 2002

Mysid (Mysidopsis bahia)

Silverside (Menidia beryllina)

Depth Difference Greater than 19 Meters

Discharge Rate Pip e Diameter (inches)
(bbl/day) 0" to 3" =3" to =7 to 9 9" to
"?'" 11"
8001 to 9000 0.20 0.20 020 0.20
9001 to 10,000 0.21 0.21 021 0.21
10,001 to 0.39 0.39 039 0.39
15,000
15,001 to 0.44 0.44 0.44 0.44
20,000
20,001 to 0.48 0.48 0.48 0.48
25,000
25,001 to 0.55 0.55 0.55 0.55
35,000
35,001 to 0.64 0.64 0.64 0.63
50,000
50,001 to 1.32 1.33 1.32 1.30
75,000

International
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Case 2

Norwegian Zero Harmful Discharge Approach




Exposure and Risk Characterisation

| Aliphatic hydrocarbons
BTEX
Naphthalenes

| PAH

2—3ring
4 —ring +

Alkyl-phenols

c0-C3
C4-C5
C6-C9

Metals (Cu, Cd, Hg, Zn, Pb, Ni)
Added chemicals

Corrosion inhibitor
Biocide

Scale inhibitor
Flocculent
Emulsion breaker
H,S-scavenger
Others

1°00'E
30 km
BV
z
=
g
[n)
L=
4
=

61°3

61°00'N

Concentration [pph]

Concentration [ppb]
0.003 - 0.01
0.01-0.03
0.03-0.1
0.1-03

Mo3-1

Hi-s3

[ B3]

------------------------------------------------------------------------------

------------------------------------------------------------------------------

4°00'E

5°00'E

S°00'E

Ni00:T9

0€:T9

Ni00:T9 N

0€:09

N

Ni00:09

1°00'E

50 km

=4

61°00"'N 61°30'N 62°00'N

60°30'N

PEC/PNEC
PEC/PNEC

B o.01-0.1
0.1-1

[ B3

2°00'E

3°00'E

4°00'E

2°00'E

3°00'E

4°00'E

SY0'E

N.00T9

NLWE19

N00:19

N.OE09

Risk Map Time Series

N009

S°00'E

1 1:00:00

1GP
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Asgard

Contribution to Risk B

Phenol C6+

Phenol C4-C5 Heidrun
Phenol C0-C3
= TEG_BTEX Naphthalenes
Statfjord
Dispersed oil 2-3ring PAH
Phenol C6+
Phenol C4-C5
Phenol C0-C3

4 ring+ PAH

2-3 ring PAH

Corrosion iahil/)itor
o g
Naphtalenes

Scale inhibitor Il

H2S-scavanger : _ e ‘ SN : =4

Methanol Moy
BTEX

Naphtalenes

g PAH

Corrosion inibitor

Gullfaks




Case 3

OSPAR’s recommendation for a risk-based approach to the

management of produced water discharges from offshore

installations




Produced water management — OSPAR

- : : : PAR
» Provisional standard for dispersed oil of 40 gosmmssmu

» 40 mg/L fixed for all installations

» 30 mg/l maximum monthly average concentration to
be achieved by 1 January 2007

» 15% reduction of oil in produced water discharged in
the year 2006 compared to 2000

> Review of BAT every 5 years

» Control of use and discharges of offshore chemicals

Achieved (2005 — 2009):
20 % reduction of oil discharges
50 % reduction discharge of hazardous chemicals

» Risk-based Assessment of PW

| 4 WWW.0Spar.org

International
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Implementation of OSPAR Recommendation 2012/5 for a
Risk-Based Approach to the Management of Produced Water

Sommis. N « 2014 - 2018 =

COMMISSION

« Assessment of all PW
discharges within the
OSPAR region:

» UK: 79 installations
» NO: 41 installations
> NL: 78 installations
| gl > DK: 16 installations
» GE: 1 installation

WWW.0Spar.org




OSPAR Framework for the Management of Discharges

~ HMCS ~ EIF ~ REACH ~ RBA

» RBA highlights shortcomings of HMCS data

» Restrictions to only use HOCNF data hamper the
ability of operators to accurately assess risk 5,.%&':!

» Reduction of risk is the operator's responsibility




|IOGP Guidance 663
Risk-based Assessment Produced Water Discharges

Principles and fundamentals of
produced water risk-based assessment
Data collection strategies

Defining a no effect level and
addressing uncertainties

A tiered approach to RBA throughout
an asset’s lifecycle

Demonstration of acceptable risk

12 Dﬂlsl.l'l’l:" 14 ::D'H'MT[R
AND PRODUCTION

IOGP Report 633 — RBA of Offshore Produced Water Discharges is available
to download from: www.iogp.org/bookstore/



Water Quality in the Energy Transition




Water Stewardship and ESG:
Increased focus on No-harm principles

5 desired outcomes:

@ GOOD WATER {g’g}' W b c S d Taskiorce on Natur-related
EEEEEEEEEE
@ sssssssssss
AAAAAAAAAAAA
% Launch of
GOOD WATER .
@ ::’TYLJ;Y TN F pllot
— » I '

== program with
ALLIANCE FOR @ g e 23 member
WATER STEWARDSHIP o= companies
00“"‘“"% risk management and disclosure framework for
Da ‘7 - - .
‘ CEO Water Mandate organizations to report and act on evolving
&/ nature-related risks

~—




Summary

Offshore energy operations involve discharge of
water and/or chemicals

Produced water discharges are highly regulated and
approaches vary globally

Move from end-of-pipe standards to assessments
that quantify environmental risks and demonstrate
adequate management to mitigate risks

OSPAR regulatory development needed to increase
RBA effectiveness

Increased focus on water and no-harm principals

International
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