Substitution of fluorine based fire foam — AFFF

Equinors experience with fire fighting foam without organohalogens
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Who we are

50 year with oil & gas
Norwegian sector main
Present in 50 countries
20.000 employees

1,3 mill boe/day (No)
(barrels oil equivalents)

2.1 mill boe total

40 offshore oil/gas
installations

Full overview

Sweden

250 km
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Other companies look at how Statoil phases out AFFF in favour X e
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of an environmentally friendly chemical. ‘ The chemicals are toxic, with no sign of decomposition|

@ Windows Media Player
File View Play Tools Help

Emissions of AFFF result in vast amount of organic fluoride -

= installation onsh ffsh fi ion.
very installation onshore and offshore needs fire protection SRR S AEEE

We use a ﬁre-ﬂghtirr.ﬁfoam that has a safety critical chemical to secure
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Some numbers...

- Annual consumption and discharge of 50-150 tonnes of foam concentrate to sea
- Training
- Accidental spillage
- Incidents
- Equipment test
- Stored volumes of foam concentrate: 600-800 tonnes
- Price, foam concentrate: $ 5-10/ liter
- Destruction of old foam concentrate: $ 1-2/ liter
- Cost estimate for later clean up: enormous
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Fluorsurfactants — always a hot potato
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Fluorsurfactants — PFAS, PFOS, PFBS, PFOA .. equinor

PFAS News 2015 /2016
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Toxic chemicals (n outdoor products of
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These Chemicals in Pizza Boxes and Carpeting chemicals

Detections of PFAS in drinking water has caused spiraling regulatory concern
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Miljgdirektoratet
2014

MILI®
DIREKTORATET

I henhaold til adresseliste

Oslo, 16.12.2013

Deres ref.: Var ref. (bes oppgitt ved svar): Saksbehandler:
[Deres ref. ] 2012/ 10850 Ingeborg Renmning

Krav om HOCNF for kjemikalier i brannvannsystemer

Det vil vaere krav om HOCNF for kjemikalier i brannvannsystemer fra og med 1.
januar 2014.

Miljedirektoratet dpner for 4 gi midlertidig unntak fra dette kravet, etter
soknad fra operatoren.

Kjemikalier i brannvannsystemer er beredskapskjemikalier, og operaterene
trenger derfor ikke i soke om bruk og utslipp av disse kjemikaliene.

Aktivitetsforskriften § 62 annet ledd, slar fast at det skal foreligge ekotoksikologisk
informasjon i form av OSPAR Harmonised Offshore Chomical Hotification Format (HOCHF)
for alle kjemikalier som brukes av petroleumsvirksomheten pa norsk kontinentalsokkel.
Veiledningen til forskriften sier imidlertid per i dag at det ikke er nedvendig med HOCHF
for kjemikalier i brannvannsystoemer.

Det or na foreslatt a endre dette, slik at kjemikalier i brannvannsystemer ikke lenger er
unntatt krav om HOCNF. Endringen vil tre i kraft 1. januar 2014. Bakgrunnen for endringen
er beskrevet i heringsdokumentet for foreslatte endringer i forskriftene med veiledning.

Fra 1. januar 2014 vil det dermed ikke lenger vaere tillatt & bruke eller slippe ut
kjomikalier som ikke har HOCHF, i brannvannsystoemer. | felge haringsinnspill fra Morsk oljo
og gass vil det vasre operaterer som har brannvannskjemikalier uten HOCNF pa
installasjoner de opererer ogsa etter 1. januar. Disse ma seke Miljedirektoratet om
midlertidig unntak fra kravet om HOCHF inntil nedvendige testdata foreligger. Seknaden
ber sendes snarest og innen 31. januar 2014. Operaterer som ikke har seknad under
behandling ettor dette, vil vaere i avvik fra regelvorket.
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AFFF - Aqueous Film Forming Foam squinor
an obvious candidate for substitution
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Accumulative, toxic and persistent
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PFAS (Perfluoralkylsulphonate)
Legal substitute for PFOS

Environmentally unacceptable (OSPAR)

Used in AFFF today: same stuff - new wrapping

Miljefarlig tabbe av
Statoil
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Fluor free 1%-foam qualification process 2007+ equinor =

Find replacement for AFFF
* No fluorine or other halogens
« Suitable for sub zero conditions
* Full certification (EN 1568 etc)
 Complete HSE documentation
* Business case for suppliers

Approval and verification
* All approval finalised
* Supplier verification (Equinor/Statoil — Solberg 2012)
 Contract awarded 2015
* Financial innovation support of supplier

Implementation
* First user plan for oil installation “Kvitebjern® 2013
e Multi user task force 2013, complete substitution 2016
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Revisjonsstansplan 2014 Q.
Oppdatert 25.01.13 L Statoil
f
% Complete | 2014
Description Dur. Start Finish (PC) N]-‘Lpr AMav |Jun |Jul |_-'s.ug |Sep
Dnft Nord 01.May.2014 | 30.May.2014
Revisjonsstans Snohvit 30 01 May.2014 30.May.2014 P
Revisjonsstans Heidrun 14 05 May.2014 18 May.2014
Drift Nordsjeen @st 25.Apr.2014 | 23.5ep.2014
Revisjensstans Oseberg @st 20 25.Apr.2014 14 May.2014
Revisjonsstans Oseberg C 19 25.Apr2014 13 May.2014
Revisjensstans Oseberg Ser 20 25 Apr.2014 14 May 2014
Revisjonsstans Oseberg F 19 26 Apr.2014 14 May. 2014
Revisjonsstans Vega 10 18 Aug 2014 27 Aug 2014 —
Revisjonsstans Troll A 12 12.Sep.2014 23 Sep.2014
Drift Ser 01.Apr2014 | 06.Sep.2014
Revisjonsstans Snorre B 25 01 Apr2014 25 Apr2014 L
Revisjensstans Snorre A 37 20.Apr.2014 26.May.2014
Revisjonsstans Statfjord B 28 10.Aug 2014 06.Sep.2014
Revisjonsstans Sleipner B&T 20 18 Aug 2014 06.Sep. 2014
Revisjonsstans Gudrun 20 18 Aug 2014 06.Sep. 2014
Revisjonsstans Sleipner A 20 18 Aug 2014 06.Sep.2014
Drift Nordsjeen Vest 10.Apr.2014 | 24 Sep.2014
Revisjonsstans Visund 2 10 Apr. 2014 01 May 2014
Revisjonsstans Gulifaks A 14 10 Apr. 2014 23 Apr2014
Revisjensstans Gulifaks B 14 10.Apr. 2014 23 Apr2014
Revisjonsstans Veslefrili 1 25 Apr2014 15 May.2014
Revisjonsstans Heimdal 30 10 Apr. 2014 09 May 2014
Revisjensstans Grane 19 08 May.2014 26 May 2014 [ H—
Revisjonsstans Brage 16 01.Jul 2014 16.Tul 2014 —
Revisjonsstans Volve 20 18 Aug 2014 06.Sep.2014 —'ﬁ
Revisionsstans Kvitebjorn 14 11.Sep.2014 24.Sep.2014 [ —
Gassterminal 18.Aug.2014 | 01.Sep.2014
St Fergus Tampen Link (redusert) 15 18 Aug 2014 01.5ep.2014 —
Prosessering og foredling 26.Apr.2014 | 23.Sep.2014
Krsta/T100 Statpipe 20 01 May.2014 28 May 2014
Revisjensstans Sture - Mot Oseberg 10 26.Apr.2014 05 May 2014 E
Revisjensstans Sture - Mot Grane 15 08 May.2014 22 May.2014
Revisjonsstans Tjeldbergodden 15 05 May 2014 19 May 2014 ] —
Krsta/T300 20 18 Ang 2014 06 Sep.2014 1_
Revisjensstans Kollsnes 12 12.8ep.2014 23 Sep.2014
I | jve plan
Ansvarlig: Dag Hivar Tveit Fossen (DTF) Page -1ofl Printed - 25.01.2013 12:57
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Obstacles underway

- Freeze protection
- Requirement in North Atlantic
 Product applicable to O F /-18C

- Viscosity too high for pumping
- Similar viscosity profile as AFFF

« Corrosive

- May cause eye damage
- Corrosive to equipment
« Causing pump failure

« Cost

« Cost with AFFF destructions
- Fluor free more expensive than AFFF

« Contamination from earlier times

- AFFF present in tanks and distribution lines

« Conservatism

« Scepticism and rumors

- Experience

g
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Solved

Solved

Solved, slightly better than AFFF
Similar to AFFF. Surfactants increase water’s ability to penetrate
Not relevant, mechanical failure

Needs internal funding to cover cost. To be destructed, not sold or used
Slightly higher cost, but mitigate future indirect costs (waste handling)

Solved, storage tanks and ring main must be completely emptied

Reluctances to remove AFFF that has been working for years

All real and potential problems have been solved
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Short version: It is no problem to phase out AFFF

v

- Fully approved and certified A
- Preferred supplier, hoping for competitors |
- Substitution complete on 40 offshore installations

- More than 300 tons fire fighting foam is substituted
during 2013 - 2016

« Cost: approx. 15-20 mill NOK
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Why did we do it and how did we doit?

- Never comfortable with going from PFOS to
PFAS

- The more we learn, the worse it get
- Being well positioned for future ban
- Measurements of residual PFC in recipients

- Appreciated lobbying from proactive
supplier

« Used internally R&D-tools
- Financial support

«Kdrste» processing plant for oil and gas. Using
fluorine free foam since 2015
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Achievements and way forward

- Annual discharge to sea reduced from 3-4 tons to (almost) zero

- Proactive in projects, avoid AFFF as first fill, stimulate green
innovations

- Request fully environmental documentation
- Ensure final destruction of PFAS-foam
- Include PFC (Perfluorcarbon) in corporate prohibition list

- Be aware of replacements with unknown properties
(cyclic siloxanes, organohalogens, etc)

- Any source for any PFC should be identified and substituted

\g

equinor %<

14 | Substitution of AFFF

Open

13 May 2019



Summary

- A low hanging fruit: There are no reasons to keep AFFF and other
fluorosulphonates

- Support suppliers, operators and authorities in our common goal to
substitute

- We shall substitute and never go back to fluorosurfactants!!!

Offshore installation «Kvitebjarn» first
user of fluorine free foam in 2013

Substitution of fluorine based fire foam — AFFF
Lars Ystanes, specialist in environmental technology, Equinor 2019
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