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“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
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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.”



Presentation Outline

O1 Introduction




Introduction & cnooc

UK North Sea undersaturated oil field with water

Injection pressure support Q FTHP 230 psig (16 bar)
» All wells completed with gas lift, typically an injection Q CHP 1900 psig (131 bar)
pressure operated unloading valve and a orifice valve T | it Gas Rate

 During the course of 2019-2020, several wells 2.5 = 3.0 MMscf/d

developed intermittent instability
» Deep dive investigations were completed to determine || 10684 s Unioading vave
the cause: ~ 4000 ft tvd
* Multi-pointing?
» Gas lift valve failure?
 Inherent (Asheim) instability?

15/64t QOrifice Valve
~ 6000 ft tvd

[

]
7O Downhole Gauge

Sand Screens
~ 7200 ft tvd
Reservoir pressure 2500 — 3500 psi




Ashiem Stability Criteria Theory @& cnooc
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Inflow Response:
stability promoted by high PI, small orifice port size:
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stability promoted by shallow injection point, higher THP: S S
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Reference: Criteria for Gas Lift Stability, H.Asheim, SPE 16468 (1988)

Vertical depth to GLV

Either F1 or F2 > 1to be in a stable condition



Ashiem Stability Benefits & Limitations & cnooc

« Both reservoir inflow and gas lift rate respond to a decrease in tubing pressure

* Inflow response (F1) becomes unstable if the reduction in tubing pressure/ increased drawdown from gas lift exceeds
the reservoir inflow capacity to keep the tubing full of fluid.

 If the inflow response is unstable but the increase in gas rate through the orifice depletes the annulus pressure faster
than the tubing pressure, the gas lift flow rate will reduce and stabilise the well if (Depletion response (F2) >1)

« Easy to determine how to restore stability by adjusting the gas lift operating parameters or design
« Mathematically simple and programmed into widely used nodal analysis software

Limitations

« Several simplifying assumptions to be mathematically solvable:
« Transient inflow responses are neglected
« Gas lift orifice is operating under isothermal flow i.e. a relatively small pressure drop through it
» Casing pressure varies but gas rate through the surface choke is assumed to be constant
« Variation in tubing pressure at orifice is same as variation in BHFP (only valid if orifice is close to perforations)
» Tubing response is dominated by gravitational effects, acceleration and friction are ignored

« Not a transient (multi-pointing) solution.

Recommended further reading: Continuous Gas-Lift Instability: Diagnosis, Criteria and Solutions, Alhanati et.al. SPE 26554 (1993)



Well A Instability - cnooc

30 minutes

a »
< »

2 w0 THP (barg)

Unstable Qgl fluctuates 2.8 — 4.4 MMscf/d

Instability cycle is constant and repeatable, and triggered by an increase in gas lift rate




Well A Summary
* The Asheim criteria are met so design is
fundamentally stable. -_ 2020

» Well becomes unstable whenever the gas-lift psig 3000 3020
rate is increased > 2.5 MMscf/d. Pl STB/d/psi 18 9
» Orifice port size is small, so CHP has to be Qgl MMscf/d 2.5 2.5
increased for lift gas rates > 3 MMscf/d ol STB/d 14000 13,980
 Instability is caused by the casing pressure .
exceeding the IPO valve opening pressure. CHP psig 1885 2060
FTHP  psig 210 180

» This results in the unloading valve opening,
causing a surge in lift gas, until the casing F1 : 0.76 0.65
pressure drops and the unloading valve
closes, repeating every 20-30 minutes. F2 i 2.50 1.53



Well B Instability - cnooc

200 200 + Bad

IPO opens, THP jumps 24 hrs

CHP drops, IPO closes,
CHP starts rising again A W V‘M {\/A

No longer injecting
thru orifice, IPO
closed, CHP rises

v

Start to choke
back gas lift

Something causes a rapid
increase in THP triggering
the gas lift instability |

BHP V! | /J s
W"\X |

Instability is erratic, BHP drops when the IPO valve opens then rises when the IPO closes




Well B Analysis

* Instability triggered after a series of gas lift choke

moves to reduce the gas lift rate. _— 2019

At first glance, the instability is due to the IPO psig 2500 3500
valve opening but that is actually a consequence,

not the cause. Pl STB/d/psi 14 1.3
 PI, liquid flowrate and gas lift rate are all lower Qg MMsci/d 25 Lgs

than the design assumptions. As a result, the Ql STB/d 10,000 2,500

Asheim stability criteria are no longer being met. CHP psig 1950 1030
« A stable design can be restored by reducing the FTHP psig 239 332

port size or changing to a single shallow orifice
valve. F1 : 1.12 0.35

F2 - -3.08 0.58



Well C Instability @ cnooc

30 minutes

A
T ctuatgs’ﬁy 3. r(@ —— M@ upto

Instability is erratic, cause not determined




Well C Analysis

* Instability occurs intermittently and usually after re-starts.

+ Asheim inflow response stability criteria (F1) is not met, but -_ 2020

the pressure d_ep_letion response criteria (F2) is met, so the psig 3000 3000
gas lift design is inherently stable.

» The orifice port is correctly sized for the gas lift rate and Pl EILEE 20 °
operating close to critical flow. Qagl MMscf/ld 2.5 2.75
« The CHP is ~300 psi lower than IPO opening pressure, Ql STB/d 16,500 8,100
and there is no evidence of IPO opening. CHP psig 1900 1800
* The gas lift design is suitable for the well conditions and is FTHP psig 232 160
not thought to be the trigger for the instability events.
F1 : 0.68 0.85

F2 - 2.09 3.14



Well D Instability

30 minutes

Instability stops when Qgl < 1.0 MMscf/d

Slugging Frequency ~4 minutes

5 I WWNWMW MWWWWMMW

BHP fluctuates by 1.5 bar (22 psi)

THP fluctuates by 6.0 bar (90psi)

= CNOOoOC

A gas lift instability event
occurred whilst bring the well
back after a platform trip




Well D Analysis

« The reservoir pressure, PI, and gas lift rate are

much lower than the basis of design. -_ 2020

« Consequently, the Asheim inflow response psig 3000 2400
stability criteria are not met and the gas lift design
is inherently unstable P STB/d/psi 20 11
« The orifice port size is too large for a gas lift rate Qul MMscf/ld 2.5 0.9
of < IMMscf/d, but if the rate is increased above Ql STB/d 13,700 1200
this, the BHFP drops below bubble point _
_ _ CHP psig 1944 820
* Choking back the well to increase the THP helps _
to restore stability, but as the design is inherently FTHP  psig 232 300
unstable a longer term solution would be to F1 - 1.38 0.25

recomplete with a smaller port size or shallower
valve depth F2 - -1.28 0.64



Conclusions = cnooc

Well A

 Asheim criteria are met
» Instability caused by CHP exceeding IPO valve opening pressure

Well B
» Asheim criteria not met

* Productivity index and flowrate are lower than the gas lift basis of design

Well C

» Asheim criteria are met
» Cause of instability undetermined

Well D

« Asheim criteria not met
 Reservoir pressure, Pl and flowrate are lower than the gas lift basis of design




