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Forward Looking Statement

“This presentation includes "forward-looking statements" within the meaning of the United States Private Securities Litigation Reform Act

of 1995, including statements regarding expected future events, business prospectus or financial results. The words "expect”, "anticipate”,
“continue”, "estimate", "objective", "ongoing", "may", "will", "project"”, "should", "believe", "plans", "intends" and similar expressions are
intended to identify such forward-looking statements. These statements are based on assumptions and analyses made by CNOOC
Limited and/or its subsidiaries (the “Company”) in light of its experience and its perception of historical trends, current conditions and
expected future developments, as well as other factors the Company believes are appropriate under the circumstances. However,
whether actual results and developments will meet the expectations and predictions of the Company depends on a number of risks and
uncertainties which could cause the actual results, performance and financial condition to differ materially from the Company's
expectations, including but not limited to those associated with fluctuations in crude oil and natural gas prices, the exploration or
development activities, the capital expenditure requirements, the business strategy, whether the transactions entered into by the
Company can complete on schedule pursuant to their terms and timetable or at all, the highly competitive nature of the oil and natural gas
industries, the foreign operations, environmental liabilities and compliance requirements, and economic and political conditions in the
People's Republic of China. For a description of these and other risks and uncertainties, please see the documents the Company files
from time to time with the United States Securities and Exchange Commission, including the Annual Report on Form 20-F filed in April of

the latest fiscal year.

Consequently, all of the forward-looking statements made in this presentation are qualified by these cautionary statements. The Company
cannot assure that the results or developments anticipated will be realised or, even if substantially realised, that they will have the
expected effect on the Company, its business or operations.”



Overview

O This presentation discusses formation evaluation of infill wells in mature oil fields...

...quantifying the volume of producible hydrocarbons, their expected rate of production
and the associated water cut

O The ideas are based on experience of doing this type of thing for a few years...
(35 infill wells in UK North Sea fields)

O The focus is how to make robust decisions: with realistic expectations of oil rate and water
cut

O The formation evaluation approach is also applicable to re-completing old wells.

01 Overview
J Perhaps this is a common issue... 02
and other people have found similar

or different solutions?

Challenges of post-production formation evaluation
03 Water flood front behavior in an oil reservoir, Welge analysis

04 Proposed solution

05 Q&A

There is some petrophysics and reservoir engineering, hopefully appropriate for
subsurface workers who are involved in this type of work.
Including : what can you do? ...take-aways (labelled like this)




Pre-production formation evaluation — generally simpler




Pre-production formation evaluation — generally simpler




Pre-production formation evaluation — generally simpler
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Some core data is likely to be available = =1 =

Stand-off from OWC can mitigate early water production

Forecasts of oil production and water cut from new wells can generally be
made with confidence, pre-production




Post-production formation evaluation — generally more challenging




Post-production formation evaluation — generally more challenging
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Reservoir is undergoing imbibition N O —————
Movable water may be located throughout the field




Post-production formation evaluation — generally more challenging

||||||

(Al

=

| I!i” n

LT
[ , [
B i ah N

b

Reservoir is undergoing imbibition
Movable water may be located throughout the field
Formation pressure cannot be used to identify FWL or presence of water
Saturation estimates from resistivity logs are not robust

Net Pay cannot be calculated in ‘conventional way’ — using a water saturation cut-off
Mitigate of water production is challenged

Forecasts of water cut from new wells / re-completions are more uncertain

Conventional interpretation methods to estimate ‘Net Pay’ are not robust, a
new formation evaluation mindset and approach is required




‘Challenging’ formation evaluation — post-production

O Why are water saturation estimates not
robust during imbibition?
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Water flood front behaviour in an oil reservoir...
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Water flood front behaviour in an oil reservoir...

It doesn’t happen like this
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Water flood front behaviour in an oil reservoir...
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Water flood front behaviour in an oil reservoir...
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The water saturation in the reservoir doesn’t change in a gradual way

A water flood front (shock front) moves through the reservoir, pushing the majority of the oil ahead
of it. There is a dramatic change in water saturation when the flood front arrives at a point
There is a limited ‘tail’ of oil production produced after the arrival of the flood front "




What can be done?
Fractional flow analysis... 1
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What can be done?
Fractional flow analysis...
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What can be done? Fractional flow of water
Fractional flow analysis... P i s e
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What can be done?

Fractional flow analysis...
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What can be done?

Fractional flow analysis...

Relative Permeability (frac.)
o o o o o o o o
N w = (4] (o] ~ «© w -

o

o

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Sw (frac.)

Implication:
 Sw >~ 0.55 at breakthrough
 Fw ~ 0.9 after breakthrough

Fractional

flow*
analysis

Welge analysis 1952

1
Fro A
LT

Fractional Water Flow -Fw (fraction)

 Only 5to 10 s.u. of oil is produced post breakthrough

Fractional flow of water

. / at breakthrough

(R e e e e T R

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.1 0.2 0.3 0.4

Flow of water only
after breakthrough

Sw in reservoir at
breakthrough

0.6 0.7 0.8 0.9

Water Saturation - Sw (fraction)

1.0

09

o
o N

o © o o o
B o>

Oil Saturation (fraction)
o o
- (] w

o
o

0.1

Oil recovery post
breakthrough
(3PV)

10 100 1000
Pore Volume Water Throughput

19



What can be done?
Fractional flow analysis...
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How can we use this?

O If evidence shows the flood front has arrived then it is possible to determine the value of
the remaining oil in that part of the reservoir.

E.g. Saturation >0.55, fractional flow of oil < 10%, then the remaining potential is 0.05 s.u.

Does this work for your development situation /facility? Do you want to produce oil at
>90% water cut?

O This can inform a decision to complete this type of interval (or not)

(.

O Ensure your formation evaluation workflow clearly indicates intervals that are unswept,
and intervals where the flood front has arrived. Treat them separately.

-
Use realistic assumptions from fractional flow analysis to determine the value (if any)

of oil production from a zone that has seen the arrival of the flood front
Decide if completing this type of interval makes sense for your development

& -
Make sure the formation evaluation workflow clearly identifies zones that are still
unswept, and zones where the water flood front has arrived. Treat them separately 0
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Make sure the formation evaluation workflow clearly identifies zones that are still
unswept, and zones where the water flood front has arrived. Treat them separately 2
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Make sure the formation evaluation workflow clearly identifies zones that are still
unswept, and zones where the water flood front has arrived. Treat them separately 3




Sweep flag
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Make sure the formation evaluation workflow clearly identifies zones that are still
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Summary

Understand the limitations / uncertainty associated with water saturation estimates in a
reservoir where imbibition has taken place

Complete fractional flow analysis to determine realistic assumptions for :
» Water saturation at breakthrough of the flood front

» Fractional flow of oil at breakthrough of the flood front

» Remaining oil potential following breakthrough of flood front (to 3 PV)

Using these assumptions determine if production from this type of interval is of value for
your development if encountered when drilling infill wells

When evaluating new wells, ensure the formation evaluation clearly identifies intervals that
are unswept and intervals where the water flood front has arrived

Don’t be misled by water saturation estimates in intervals where the flood front has arrived

Treat these intervals separately, and this approach can inform robust completion decisions
and production forecasts
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Cased hole Sweep flag (E.g. from RST) SWEEP LEGEND:
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Thanks

Thank you to the Buzzard Co-Venture partnership for permission to publish this presentation...
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