Changing \Water
N Offshore Ol Production

Needs

Water treatment is quickly emerging as one of the most significant challenges facing the
offshore oil industry. As the sector responds to pressure to increase oil recovery from
existing reserves, novel water-based technologies are gaining acceptance. Lisa Henthorne
looks at the case for standalone vessel-based desalination units.

ith discoveries mowing farther offshore, the price

of i, exploration and production have increased.

As aresult thers is heightenad ocus in the o and

gas sactor on increasing production from existing

resenvoirs. With large volumes of water used in
the praduction process, water is increasingly moving from an opera-
tiong issue to one of strategio dgnificance.

The oll and gas industry also faces increasing pressure to manage
its environmental ©otprnt — including water management offshore.
This is even maore critical in desper waters, wheare water traatment
can be extremely expensive — due to Bbotprint and platform weight
requirsmearts — and logistically difficult, with imited options and flax-

. ) ) ibility. As a non-
Flgu.re 2, The Water Treatment and Recovery Vessel core capabity
(WTR) for Applications in the Offshore B&P Sector for ol procuc-

il Eecowery vesss (WIR)

ars, waler treat-
ment is often
congidered the
waak link in ol

Water Treatmant

-

.

production,  in
both  upstream
and down-
Siraam  opara-
tions.

These  driv-
arg,  as  wel
as increased
water  scarcity,
have  pushed
ol companies
to use water
mane  sustain-
ably, driving the
concept of wa-
ter reuse across the industry. As aresult, innovative, environmentally
focused and reliable methods of meeting water treatment demands:
capabke of operating in a highly challenging water treatment environ-
ment must be developed to meet the growing demand The goal:
minimiss oparating costs, maximiss foolprint and anergy afficiancy]
while mairtaining prodiuction andfor increasing ol recovery rates.

=

SEAWATER FOR INJECTION AND SULFATE REDUCTION
The majority of water use offshore is related to waterfloodng into

reservair formations to maintain pressure and to force ol out of the

production wells. The general temn Improved Ol Recovery (IOR) is

used to describe waterflood managament and any more sophisticat -
ed methods aimed at improving recovery. The pumposea of I0R is not
only to restore formation pressure, but also o improve oil displace-
ment or fiuid flow in the resenaoir. The term Enhanced Qi Recovery
[ECR) is a subssat of IOR, and includes tertiary mathods to increass
recovery of oll, ranging from thermal methods, waterficod based
chemical and microbial addition and gas injpeation.

“Despite this success, a major
challenge remains with SRP
systems - the significant capital
investment for platform space
and weight.”

Qut of all the 1I0R methods currently in use in ofishore ol and gas
operations, the most common is waterflooding. Historically, there
hanee been two key arsas where watsr traatment has been criicaly
impartant inowatarflooding. Namely, saawater flooding filtration and
sulfate reduced flooding including fitration and membrane trastment.

Sagwater is widsly ussd 52 an injsction fluid despits baing recog-
nisad as having potentially walue eroding properties. The miost widealy
recognised problem is scale formation from chemical incompatibility
of the injectad seawater fhigh sulfate) and the original fomeation brine
[parium, strontium). In resendoirs, which contain a substantial barum
o strontium content, seawater ingction will cause the naturally oc-
curing suffate contained in the seawatar 1o pracipitate with the bar-
ium andfor strontium, and can eventually diminish the output of the
procuiction wells. Also, sulfate-reduicing bacteri in some resenvoirs
can feed on suffate in seawater, thersby producing hydrogen sulfite
and "souring’ the well or reservoir

As a result, a mitigating trend in waterflooding is the remaoval of
sulfates from seawater to prevent souring and scaling, referred to as
the: sulfate removal process (SRP). This process involves desulfating
the seawater using specialised nancfitration (NF) membranes, while
maintaining a high salinity.

DOW Flmtae and Marathon first introduced this membrans gys-
tem in 1991 and by the end of 2008, over 44 SRP systems were
brought erline on affshore production faciities arcund the wordd. De-
spitethis success, a major challenga remains with SRP systems - the
significant capital investmant for platform space and weight which
arg required for installation. Furthermaore, to retrofit a platform to in-
clude SRP ks extremely expansive.
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PRODUCED WATER

The ol and gas sector also has substantial wastewater treatment
neads, related to the produced water broughl to the surface along
with the oll or ratural gas. Growing emdonmenal restrictiors insome
araas of the world B driving treatment and reinjection of produced wa-
ter At a minimum, produced water has to be seperated from the cil,
and tha ol often has to be further deaned before it can be offlvaded
or trarefered into a piceline. The produced water will also undergo
severd treatment steps before tis dischangad to the sea orreinjected.

Asod fields age, thewater cut, that is, the amount ofwater volume
produced per ol wlume, inceasss, Thesfor the economics as
ore of dirminizhing retLem as less ol renue 12 ganerarad and mioe
oreming cost: ars inourred from Ncreased water raaiment needs,

IOR/EDRAND THE PUSH TO IMPROVE OIL RECOVERY

1O will play a critical role in tomaorrow's il production, as exdsting
aszat production awindles and exploration capital is futher stressed.
Adoption and further developmeant of EOR will be strengthened by
oll prca stabiity, now a commitrmeant By Savud Arabia and OPEC at
the recant G20 Summit. Figurs 1 demonstrates the oil price pant at
which Z0R becomes viablke, al batween $20-50/00l in 2004 dollars.
It is irmportant to note that offshore EOR is primarily limited by facil-
ity constraints. As the industry responds o pressure fo increase oil
recovery from axising reserves, novel water-based methods of ECR
are gahing accaptance, including bw salinity wate flioeding.

LOW SALINITY WATERFLOODING

Since the lde 1880s, there hava been numenus lsbomtory fesls
and field studies where injgcticn of low sainity wa'sr Fas resuted in
increased oil recovery. This wes demonstrated by BP on core sam-
ples and in the Alasken MNorth Slope fislds. Shell Ol Company has
also pogresssad the coneept under the trademark Designer Water™,
Further testing and reviews ae being undertaken by a number of
other naticnal and intematonal ol cormmpanies,

In many cases, low sdinity weter could result in more efiective
oll recovery both in temns of the o production profile ithe rate of ol
preductior} and the uttimate recovered volurnes (higher recovery fac-
tor). Pibt data for low salinicy waterinjection shows resUits which very

"Numerous laboratory tests
have shown the injection of low
salinity water has resulted in
increasead oil recovery.”

firom 236 to 4006 increases in waterfiood efficiency and recowvery, da-
pendirg upon the esevoir and compaosition of both the injection and
connale water (nalural reservor water),

In concapt, low salnity injgction changes the wettability charac-
teristics of the reservoir rock. In resenvairs with high salnity formation
water, njection of low salinity waterwill generally shit the properies of
tha reservoirs to a state of water wetness, increasing the microscopic
sweep efficiency, and thereby increasng the potentiel il recovery
Bt injection ol water too low in sainity will deslabilse the day miner-
gls, which act to bind the oil 1o the reserair rock, resultihg in clay
deflpoculation and formiation damage.

Furhermore, the s&inity of the injedion waler greatty impads the
viscosiy, or thickness, of paymer floods used in CZOR apolicetions.
Aooording to roent studies, when low salnity water is used instead
of seawater, fve to ten times lower polymer concentrations ere ra-

Figure 1. Jil Cost Cunve, neluding Technalogal Progress: Asallsbility of
Oil Resourcas as a Function of Economic Prica
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guired to achieve the same enhanced mecovery, making polymer
CEDR a mone cost efiactive EDR process by reducing the polymer,
storage, handing and ‘acilties cos.

Az mpartant a3 CEOR & lkely to ba 1o ofizhome ol production,
treatment of tha resulting produced water s just as important. =mul-
sions must be browan down in onder to treat and discharge the pro-
duced waler, Chemicals and techndlogies that accomplish errulsion
treatment are sopnisticated, requiing a level of treatment expertise
na prasertly existing with producers. Currently, there are no offishore
low sdlinity systems online bul the merkel is moving mpidly to em-
brace his echnology because of the economic impact of the poten-
1ig additional recovery that car beacheved,

M=ZETING THE NEYY DEMAMND

In recognition of the possitle economic impact of the additioral
recovery over the ife of thefield, some recent offshomre developments
are now incomoraling lbw salinity mermbrans technology and malking
provision for water injection fadilities at the initiel design stage.

Howeesear, the pressures to reduce niid capital costs, comrbined
wilh tre intringc uncedainties in predizting ol figld responss © the
low s4inity injecticn scheme over decades can resul in decisions
being mace not toimvest in such faciities upfront. h such cases, ret-
rofitting platforms or floatirg poduction units may not be viabe due
to weight, spece and power constraints on existing platforms and
stand-alore vesse-based desdlinetion offers economical beneits.

Although water is an over-arching lssue for our planet in the 21st
cartury, water supply for deilirg, prodaction, 10R, and treatrent of
produoced watar ane critical crallenges for the ol and gas indusinyg
driven by new demands and envirenmental stewardship. The indus-
try is recognising that it needs o improve the handing of water-relat-
ed issues and minmiss its operational watar footprint.

The concept of outsourcing water uilities, chemical storage, pow-
er genaraton and other senvices, 10 assist oil producers enhance or
maintain recovery of resenoirs is new and novel. Howsver the chal-
larges associzted with offshore implementation of innovative watar-
based recovery mathods and other water reament needs is egur-
ing oulsourced, turmkey scluticns.

These solutons must address footprint, capax, and amdonmeanial
requiremeants, as well as water treatmant maragement, a non-cone
capablity for producers. WIAT
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