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Why we need more EOR

UK oil & gas production
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The “window-of-opportunity” is closing
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What is "PILOT" ?

Government and industry cooperation

«  Ensure full economic recovery of our hydrocarbon resources

the right course

; for oil and gas success
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PILOT Work Groups
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PILOT EOR Workgroup

OBJECTIVE (set in 2012)

» To be a catalyst for the development of new EOR Projects in the UKCS

» Facilitate cross-industry collaboration in EOR

>
Time

6 Encouraging EOR Projects in the United Kingdom




0

Oil & Gas
Authority

PILOT EOR Workgroup

ASSESSMENT

* Lack of CONFIDENCE in EOR
« Many operators are not yet at the SCREENING stage

« URGENCY - cycle time from screening to implementation has to be accelerated

>

Time
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Move through “Pyramid-of-Proof” .....more quickly

Developing Proof

_ Typical Costs
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Phase-1 : Estimating the “Size-of-the-

Prize” for EOR
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"SENEOR” EOR Screening Tool
TECHNICAL PARAMETERS FIELD MATURITY
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Hydrocarbon miscible

Mitrogen and flue gas

C0O2 miscible

Surfactant/polymer

Polyrmer

Alkaline

In situ combustion

Steam drive

Bright Water [strong gel’}

Low salinity

CDG/LPS (‘weak gel)

Maximum Incremental Recovery

I. Results shared with individual field Operators
Il. Feedback on incremental recovery volumes and EOR process
lll. Inventory of EOR Opportunities on the UKCS
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Phase 1 — Estimate the Size of the EOR Prize

UKCS wide EOR screening performed by DECC

EOR Prodess Estimated Top 20 Central North Sea EOR candldates

Recovery e I
(mmstb) N T

Miscible Hydrocarbon flood 5400 | [‘ [BL

N2 & Flue gas 500 T

. ‘t S S e 1 T

Miscible CO2 5700 gt L Ll

Surfactant/Polymer 4800 ]

Polymer 2100

In-situ combustion 700

Steam drive 600

Brightwater 3100

Low salinity 2000

Colloid Dispersal Gel (CDG) 3100
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EQR “Size—of—t”lefPrize” Bublg!e Maps
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Figure 8: An example “Bubble-Map™ of the Distribution of EOR Potential in the Central North Sea
(the diameter of each circle is proportional to EOR potential).
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Phase-2 : Raising Awareness of EOR

Opportunities
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Phase 2 — Raising Industry Awareness of EOR
Opportunities

3 separate PILOT EOR Work-streams needed:
* Low Salinity Waterflood

« Chemical EOR (polymer / surfactant)

* Miscible Gas (hydrocarbon/C0O2)

For each technology we want to build understanding and
knowledge sharing
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Low Salinity EOR Activities
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Low Salinity EOR UKCS Exemplar — Clair Ridge
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HOMI EW POLICY I'HE COALITION HISTORY & TOUR

Home > News > PM gives go-ahead for £4.5bn UK oil and gas project

News Stories PM gives go-ahead for £4.5bn OB
Press Briefings UK Oil and gaS pl‘OieCt

Thursday 13 October 2011
Press Notices

Clair Ridge project will create hundreds of jobs over the

S e next five years and produce a vital source of domestic
oil until around 2050

Speeches and Transcripts

Statements and Articles
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Phase Low Salinity EOR Workgroup Achievements

« 12 operators have participated in a low Salinity EOR
collaboration programme

« Established common standards for core testing

« Identified options for brownfield implementation on North
Sea platforms
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Low Salinity EOR “Clusters”

Clair

Reprocuces by King permizsion of
© Infiei Systems 2012
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MNS Cluster

DECC Estimated Cluster
EOR Potential
=-350 MMSTB

CNS Tertiary Cluster
DECC Estimated Cluster

EOR Potential
=~120 MM5STB

Moray Firth Cluster

DECC Estimated Cluster
EOR Potential
=-270 MMSTB
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_ow Salinity Core Test “Protocol”

Low Salinity Coreflooding: Key requirements for reliable
Measurement:

» Core sample preparation
 Initial water saturation

» Use of representative reservoir oll
* Injection water

« Core flood injection rate

20 Encouraging EOR Projects in the United Kingdom




Oil & Gas
Authority

Low Salini

ty Core Test "Protocol”
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|]_aw Salinity Coreflooding: Key requi its for reliable
Measurement

Objective:

The following key issues to be addressed when designing a core flood to evaluate
low salinity flooding have been developed from observations reportedin the open
literature and from cumulative experence. Mostly these are what mightbe
considered to be good practice to ensure core is representative of the reservoirstate
and hence, the low salinity increment that can be charscterised as s wettability
change will also be representative.

There are exceptions where these suggestions may not be necessary but they are
important for most of the laboratony tests camed out.

Core sample preparation: The EOR increment is only seen in cores containing
active clays. Core samples should be prepared in such a way as to minimise
disruption to any clays. Drying the core or soxhlet cleaning which can dry cores prior
to core flooding should be avoided. Using preserved andiorrestored cores to obtain
& reprasentative wetting state both have mernts and potential drawbacks. Thesa
options would need to be considered on a case-by-case basis butitis important to
avoid ining an initial ntafive strongly wetting state.

Initial water saturation: Representative connate water saturstion with the comect
compaosition needs to be uniformly distibuted in the core. The EOR increment is
dependenton the injectant divalent cation composition being less that the “resident™

brine and if no Swi is in place eary tests showed that no low salinity EOR increment
was observed.

Use of repre sentafive reservaoiroil: If core floods are camied out with refined oil
containing no polarcompounds, no incrementsl oil is seen. Therefore, resernvoir
crude oil should be used. Using dead crude oil tends to “smear” out oil production
overtime and, could, if EOR increment is low, resultin no oil bank formation; Ideally,
live resenoir oilin equilibrium with the watershould be used. Using live resenvoiroil
would also help to ensure the comect pHis obtsined during sgeing and flooding.

Injection water: The ECR increment is dependent on theinjectantsalinity being
below a threshold value AND on the divalent cation concentration being less that the
“resident” brine. The ECR increment increases as salinity is reduced so maimum
benefit will be obtsined with the lowe st sslinity possible withoutimpairing
pemeshility. The “operating range” should be determined by measuring pemealbility
change with wvarying water composition (swelling tests). These tests and the core test
to define EOR benefit should be camed out using combinstions of the potential
source waters that might be blended to obtain the low salinity water.

Mesasuring single phase pemnesability of the core sample after the core flood is useful
to confirm any pemesability change under more resenair realistic conditions than
estimated from the swelling tests.

There is no convincing evidence thatthe differences in ses waterand common Morth
Sea resenvoirbrines will significantly affect the relative pemeability in the secondary
flood. However, given that the low salinity effect is dependent on the changein brine

composition during flooding, using representative water forthe secondary flood prior
to s tertiary low salinity flood is preferable.

Core flood injection rate: Unrepresentative flow rates should be svoided. For
tertiary tests, during the high salinity flow perod that might result in an unreslistic low
remaining oil saturation and hence a low EOR benefit. The detsils of experimental
methodology and testinterpretation would resultin an inaccurate estimate of the low
salinity EOR beneftt but if these the key requirements are not met, any measurament
will almost certsinly be incomect. Pairing a secondarny and tertiary low salinity core
flood provides data thatcan be s good consistency check

Further Guidance (added August 2014)

‘When camying out unsteady state constant flow rate goreflopd tests it is common to
camy out “a bump” orincreases in flow rates at the end ofthe test to produce any oil
retained by core-scale capillary pressure end effects due to the discontinuity at the
core outlet. Ifthe “bumps” that are unrepresentative of deepresenoir flow rates, are
camed out before the low sallinity tertiary step, the immobile oil that could have bean
the EOR target as well as the end-effect retained oilmay have already been
produced. Therefore, “bumps" should be camied out afterthe tertiary low salinity
flood. This means that the effect of capillary end-effectneedto be taken into
account.

A first estimate of EOR benefit can be obtsined by comparing secondary high saliniy
and tertiary low salinity saturation dats from the inlet portion of the core that willbe
less ornot significantly affected by the capillary discontinuity at the outlet core
boundary. A betterestimate can be made by simulation history-matching the
coreflood test. This will require an estimate of capillary pressures eitherthrough s
separate measurement orestimated from “bumps” post-tertiary low salinity flood.
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_ow Salinity EOR Workgroup Achievements

« More than half a dozen fields have been screened to date

* Collaborative studies on Brent Sand low salinity response
(Liverpool University) and brown field facilities
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Brownfield Facilities for Low Salinity EOR

ITF
Specific
Database 5
of Contacts ITF Contacts u::;:':::iael\il
(1000’s) (100’s)

Facilitate. Collaborate. Innovate

™ .

. \ ITF is the internationally recognised
champion for facilitating collaborative

development of innovative

technologies within oil & gas and

related energy industries.
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For more detall see:

‘'SPE

" International

SPE 172017

Maximising Enhanced Oil Recovery Opportunities in UKCS Through
Collaboration

M.P. McCormack, BP Exploration Operating Co.; J.M. Thomas, UK Department of Energy & Climate Change;
K. Mackie, Industry Technology Facilitator

Copyright 2014, Society of Petroleum Engineers
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Miscible Gas Injection EOR Activities
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Miscible Gas EOR UKCS Exemplar — Magnus
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Miscible Gas EOR Workgroup Achievements

* Industry workshop to discuss main issues
* Looked at potential sources of hydrocarbon gas for EOR

« Looking to link the UK CCS Programme with CO2-EOR
opportunities in the Central North Sea
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Need Joined-Up CCS Policy & CO2-EOR

Y
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Key CCS Policy Issues

Next Steps in CCS: Policy Scoping Document
August 2014
The Policy Scoping Document summarises

the Government'’s policies and actions
taken so far in supporting Carbon Capture

& Storage (CCS), and it seeks views and ccu Part-Chain
evidence on a possible phase 2 of CCS gy i‘;‘;‘:‘;‘ Clustering (capture)
deployment in the UK. Chapter 8 Chapter?7

Chapter 1"

e ol

A L
'
]
L]

e

Cogl or pas fvad powes station ?
BECCS
Blo-energy with
£3mon ceptums
and storage)
Chapter 10 @

Raising Finance

icCs
Chapter 5 {Industrial Catbon
Capture & Storage)
Financial Incentives i
and Electricity Chapter 9
Market Reform
Chapter 4

& www.govuk/govemment/publications/ces-policy scoping-document
B occs@decc.gst.gov.uk
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@ Phase 1

UK’s first potential commercial scale CCS projects
Petehead and White Rose.

@ Phase 2, 3

Potential furthar CCS deployment, building on
infrastructure and experience of Phase 1 projects.
Decreasing amounts of potential governmant support.

CO, - Carbon Dioxide

Approx 90km
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A Conceptual CO2 EOR “Core Area”

UK Oil Fields with Significant CO2 Injection EOR Potential
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Chemical EOR Activities
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Chemical EOR UKCS Exemplar — Captain
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The Polymer Operating Envelope has greatly improved

Oil viscosity (cp) —— 2012

—— Seventies
—+— Near future

10 000

Temperature Minimum
(°F) permeability
(md)
200 000
Salinity

(ppm)
figure provided by SNF
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Quad-9 Heavy Oll Fields
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Infrastructure Issues

Press releases

®» Impact of chemical enhanced oil recovery on water management -
IFPEN launches Dolphin™, an experimental research project with
industry

17 March 2014

DOLPHIN

iImpact of chemicalEOR &= T >
on water management ,
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The Wood Review and the OGA
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EOR has a vital role

The “Wood Review”
stressed the importance
of EOR

“industry should be

encouraged more in EOR
schemes to avoid leaving
significant value behind”

24 February 2014
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The formation of the OGA

Economic
challenges

Intensified since
Wood Review

All parties must
now deliver

— Offshore exploration wells
~ Production

1990 2014

Leadership
Behaviours
Culture

Wood
Actions
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Three key priorities
for the OGA

1. People and skills
2. Trust and relationships
3. Focussed delivery
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OGA Delivery Plan

UKCS MAXIMISING
RECOVERY REVIEW:
FINALREPORT

Asset Accelerate

Stewardship Exploration
One integrated plan

Technology and
Decommissioning

Opportunity to create focus

Interconnected priorities and drive delivery
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Phase-3 : More Detalled Engagement
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Summary of PILOT EOR Workgroup Progress

Phase Objectives Status
+ Todevelop a sense of urgency and energise
1. Engagement of activity in EOR/IOR projects in the UK oil
Industry & industry & create a forum for the _
Screening of dissemination of knowledge and experience
to other operators and third parties.
UKCS fields for | . 15 identify specific barriersto EOR/IOR
EOR potential implementation on these candidate EOR/IOR
projects.
i i + Toidentify collaboration opportunities and
= S:&);:gn ?g::srg :s synergies in the industry, both in subsurface,
geography & E O)IIR and in facilities.
technology
* To pinpoint candidate EOR/IOR projectsina | ¢
3. Initiate maj timely manner. .
options mgr » To generate solutions to the challenges .
e 1 associated with retrofitting a tertiary EOR/IOR '
PRSI scheme, and initiate the necessary
suppliers developments in subsurface and facilities .
technology.
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DILOT EOR — Next Steps

» Operators should now be more aware of EOR
opportunities in their portfolio

 However, few EOR developments are coming forward

« EOR has a limited window-of-opportunity and more needs
to be done
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The DECC “EOR Reviews’

A structured discussion of the current field status & future
options — including EOR

« Based on SPE 109555 “RTL” Process

» ldentify barriers to EOR deployment and how to overcome
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The DECC “EOR Reviews”

A forum for discussion between DECC and operators to
promote more EOR activity

* ldentify what we both need to do & by when to make EOR
happen
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Impact of Low Oll Price

* Interest in EOR has dropped down the agenda
e EOR teams have been reduced in size

» Operators are generally more risk-adverse
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Response to Low Ol Price

* Increase emphasis on larger new developments
* Ensure development plan commitments on EOR are honoured

» Closer engagement with operators to progress EOR options
and tackle barriers to progression

« Strengthen OGA EOR capability and seek out new
technological solutions
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For further information, contact:

Jonathan Thomas
ﬂ. Senior Reservoir Engineer — EOR & Carbon Storage

. The Oil and Gas Authorit
Oil & Gas !

: £ ¢ ' Kings Buildings, 16 Smith Square, London SW1P 3HQ, UK
Authority 3 }‘1 E: Jonathan.Thomas@oga.gsi.gov.uk T: 0300 068 6065
' # Follow us on Twitter.com/ OGAuthority




