filtration with ceramic

Produced water
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Discharge of Produced Wate

A For discharge of oil in the north sea the current
OSPAR regulation allows 30 mg/l on average of
dispersed oil over a thirty day period.

A This level can be reached with the current
technology withhydrocyclonesn the last step.

A The level of 30 mg/l is however expected to be
decreased In the future as more and more watg
IS produced from the mature olil wells.
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Reinjection of Produced wate

A Reinjection of the produced water requires a
more efficient cleaning of the water. It is
essential to minimize the amount of particles
and bacteria in the rénjection water.

A Particles can plug the well and lead to
decreasing oil production.

A Bacteria can increase the formation o3

the well.
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Treatmentsystem

A Typical setup for treatment of water for
discharge or renjection

PRIMARY SECONDARY TERTIARY
TREATMENT
ATMEN e TREATMENT TREATMENT
Wellhead .
Desanding SYSTEMS Bocsior T’:a'f;;{n

Separators

Production Fluids

‘quuld Clean Water out

Hydrocyclone
Solids
Cleaning

Desanding
Hydrocyclone
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SAGD operation

Steam Chamber

Qil Sand

Formation
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http://www.oilsandswatch.org/album/osf-illustrations/projector.php?slide=8

TypicalSAGBetup Liaoheoilfield, China
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produced
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dewatering
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: : v to steam
| : generation
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CoMem- cross flow membranes

| Crossflow |

A CoMemconduit
A CoMem

Feedstream

Concentrate ===
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SEMpicture of 2 layermembrane

A SiC content> 99% :{Q
A Full chemical resistance: O\
to 14 pH value

A AI\—IighthermaI robustness  Jill L SEEEEEEEEESaEE,
Maximum application v SRR R |
0 SYLIS Igg ( dzNB Y  , N T "i j]v@Mm _ %Q?S‘U @
non-oxidizing atmosphere) B 0 SRS SRR
A Porosity: 5% L GRS
A Highlyhydrophilic DA S
A Environmentakafe
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Picture of 2ayermembranes
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Testingon Produceawater

A After Hydrocyclones

A Reductiorof dispersechydro carbonswith at
least95%, up to 99%wvith concentration
factor of 40.

A Veryhighfluxes(LMH of 575 L/h/m2 at 1 bar.
A Totalremovalof suspendedsolids

._c. 8
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0,5 1 1,5
TMP [bar]

6,5 m2membrane poresizeof 0,04 um
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Testingon Produceawater

A BeforeHydrocyclones

A Reductiorof dispersedchydro carbonsfrom
morethan 70000ppmto lessthan 10 ppm.

A Veryhighfluxes(LMH of 1200 L/h/rhat 1

A

bar and 6Gdeg C.)
Totalremovalof suspendedsolids

Qpermeate and LMH vs. Time
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Testingon Produceawater

A Fieldtrials

A 3 containerized units are
currently being tested in the
Canadian oil sands area.

A Off-shore testing in the North B
Sea to commence Spring 2010

A Testing in Africa expected to |
commence spring 2010

A Testing in China for SAGD
operation is currently ongoing 3
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Testingon Produceawater

A Fieldtrials
A Resultsshowedtotal removalof suspended
solids

A Decreasén oil concentrationfrom 214,000
mg/l downto lessthan 15 mg/I
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Testingon Producedwater

A Fullscaleunit

A Fullscaleunit Membraneunit with 24 membranescurrentlybeeing
Installedin Canada fowastewater treatment at oil sandsfascility

A Expectedo comeonline summer 2009
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