


=
—
—

I

Utilizing Whole Effluent Testing in an Intelligent
Strategy for Offshore Produced Water Discharges

222222222222222

Lars Michael Skjolding & Anders Baun

DTU Sustain

esting



DT

{ cms

Aim: ldentification of discharges and substances that represent the
greatest risk to the environmenté how?

W

VFPW - VYolatile Fraction of PW

Our assumptions:

— Organic: BTEX, NPD, low MW hydrocarbons, low MW acids, phenols incl
APs (C0-C3), PAHs (2-3 ring)
Inorganic: CO,, H,S
A SB is ham pered by W. Y. L . F. I .W. Y. G . PFPW - Particulate Fraction of PW
and Organic: Saturated hydrocarbons, high MW hydrocarbons, phenols incl.
APs (Cé+), PAHs (4-ring+).
I Y D L F I Y W N F I Inorganic: Particulate barium, iron, manganese, mercury, zinc, cobber etc.
. . . . i . . . . PCs: Demulsifiers, solvents

AFPW - Aqueous Fraction of PW

Organics: BTEX, NPD, low MW hydrocarbons, low MW acids, phenols incl
APs (C0-Cé), PAH (2-3).

Inorganic: Dissolved sodium, chloride, sulphate, calcium, barium, iron,
manganese, mercury, zing, etc.

A VERY extensive analytical -chem characterization [ fully
explained observed ecotoxicity e FLS scovengers methancl oxygen scavengers sl mhibors

PW sample

A SSDis best i but suitable data will always be a limitation

------------ » Sub-lethal effects

&
Wh at dhelinkto risk management? s % N

effect
% directed
%

S method
> %

Individual PW constituents
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Aim: ldentification of discharges and substances that represent the
greatest risk to the environmenté how?

W

Our approach:

A Tiered approach utilizing WET hand -in-hand with TIE

A Relative measure for id and ranking
A Provide information on contributing fractions

A Effects -driven chem analysis A SB

eébut of cour s e toxitestlyuahtya r sampte gariation, storage issues

Intelligent Test Strategy utilizing a tiered approach with WET A
A procedure for hazard identification, ranking and decision-making
(not for quantifying (theoretical) risk in the environment)
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3= Aim: Identification of discharges and substances that represent the
greatest risk to the environmenté how?
Existing frameworks
(N, DK UK) =

Step 4, Tier 3

__________________________ WET PEC: PNEC ratio
Whole Effluent Toxicity -

1 1 — using dispersion modelling
| WET (optional screenin ) Significant
' (opt 9) | negative change:
! Section 6.1 ' Y
it finlofvulplood ' es
' Chapter 7

Step 5, Tier 4
Monitoring

Substance level PEC:
--------------- e PNEC ratio using biannual
igni chemical analysis data
Significant emical analysis da
negative change:
No
Chapter 7

Step 6 Risk Management

Produced water management, possibly including review of Best Available Technique (BAT)
and Best Environmental Practice (BEP)

Risk management
evaluation . o
Chapter 7 Risk Communication
Monitoring

Chapter 8 Risk Assessment 4

Risk Management
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DTU Step 1 Step 2, Tier 1 (optional)
Step 1: Step 2 (optional):
o

Tier1 Biannual sampling and »  Screening based on Biarlmu_al s%amprljing Td t = Scree;wgybsaisszc;%n PBT
“I : analysis of produced water PBT analysis data analysis ot procuced water
'
\ 4
Step 3: WET Yae
Tier 2 PEC:PNEC ratio at — PBT?
500 m using average DF Step 3, Tier 2 Not
Whole Effluent Toxicity (WET) PET
PEC: PNEC ratio at 500 m
using average DFs
Yes :'?2.%";‘;"'2"’.?’
PEC:PNEC<1 > & Incustria Strategy
PEC:
PEC: S
e PNEC > PN1E*C < &
1
Step 4: WET
Tier 3 PEC:PNEC ratio using . .
dispersion modelling The United Klngdom
| Risk-Based Approach
l Step 4, Tier 3 Programme
. EIF < A risk-based approach to the management of
WET PEC: : PNEC r_atlo > 10*: produced water discharges from offshore
EIF <10 Yes > using dispersion modelling installations.
No A 4
Step 5, Tier 4
Step 5: SB EIF > Substance level PEC:
Tier4 PEC:PNEC ratio using biannual 10 PNEC ratio using biannual
chemical analysis data chemical analysis data
\ 4 _ v 4 ¥
Step 6:Risk managgme_nt . X Step 6 Risk Management
Produced water management, possibly including review of
Best Available Technique (BAT) and Best Environmental Produced water management, possibly including review of Best Available Technique (BAT)
Practice (BEP) and Best Environmental Practice (BEP)
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Tier 1
<>
==
Tier 2
Tier 3
Tier 4
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Step 1:

Step 2 (optional):

Biannual sampling and
analysis of produced water

Screening based on
PBT analysis data

Step 3: WET

I

fes PBT?

PEC:PNEC ratio at <
500 m using average DF

l

Yes

h 4

PEC:PNEC<1

No

Step 4: WET
PEC:PNEC ratio using
dispersion modelling

l

Yes

EIF <10

L.V PN

1A A%

A 4

Step 5: SB
PEC:PNEC ratio using biannual
chemical analysis data

A 4

Step 6:Risk management
Produced water management, possibly including review of
Best Available Technique (BAT) and Best Environmental
Practice (BEP)
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Tierl

Tier 2

Tier3

Tier4

Tier5

Tier6

Step 1:
Biannual sampling and
analysis of produced water

h 4

Step 2:
Screening based on Worden
et al(2021)

The MERIT approach for an ITS:

Hazard

identification

, ranking AND

risk manangement

v

Step 3: WET
Comarison of dilution need
(DN) and dilution factor (DF)

at 500 m using average DF

No

Step 4: WET
Comarison of dilution need
{DN) and dilution factor (DF)

using dispersion modelling

WORK
IN
PROGRESS

Yes
Yes
<
Al
Ne .
Y N
Step 5: TIE Screening o Step 6: TIE Refined
Determining Microtox toxicity | > _— Determining algal toxicity
reduction in simple TIE reduction in expanded TIE
fractionation fractionation
Yes
Yes
.‘_ -
No
—
Step 7: SB
PEC:PNEC ratio using biannual
chemical analysis data
evaluated with TIE results
v v

No additional risk
management required based
on ecotoxicity

Step 8:Risk management
Produced water management including review of Best
Available Technique (BAT) and
Best Environmental Practice (BEP)




E.Iy Tierl

Tier2

Tier3

Tier4

Tier5

Tier 6
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Step 1:
Biannual sampling and
analysis of produced water

h 4

Step 2:
Screening based on Worden
etal ((2021)

v

Step 3: WET
Comarison of dilution need
(DN) and dilution factor (DF)
at 500 m using average DF

No

Yes

l

Step 4: WET
Comarison of dilution need
(DN ) and dilution factor (DF)

using dispersion modelling

Yes

No additional risk
management required based
on ecotoxicity

No
Step 5: TIE Screening No Step 6: TIE Refined
Determining Microtox toxicity | > > Determining algal toxicity
reduction in simple TIE reduction in expanded TIE
fractionation fractionation
Yes Y
Yes
<
No
v
Step 7: SB
PEC:PNEC ratio using biannual
chemical analysis data

evaluated with TIE results

4

Step 8:Risk management

Produced water management including review of Best
Available Technique (BAT) and
Best Environmental Practice (BEP)




