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Responsible CO, storage

The Porthos project




Porthos project

What?

. Collector pipeline through Rotterdam port area

Length: ~ 30 km ; Diameter: 108 cm

. Compressor station on the Maasvlakte

. Offshore pipeline to platform on the North Sea

's-Gravenhag\é\‘\

Isolated HP Pipeline

. Length: ~ 22 km A
Diameter: 40 cm &
. Storage in depleted gas fields P18 s \ .DE’TT
. Process control for operations . - ) % 4«-1?‘
Volumes: 72 d \ sr
«  Capacity fields: ~ 37 Mton : \,\ \
«  Storage: ~ 2.5 Mton per year gl L2 " e T -



The Porthos system
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Porthos Well Scope

Porthos Workover scope :

O 4 platform wells: convert to CO2 injector
QO 2 platform wells: suspend / decommission
Q 2 off-platform wells: decommission

Gas producer CO2injector Producer or injector Decommissioned well
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Responsible CO, storage

Legacy Wells




Legacy Wells

Opportunity:

« Wells that can be used in the development of a CCS project

Risk:

« Wells that penetrate the caprock and form
a potential leak path




Legacy Wells

U Effective long-term containment of CO2 in the storage complex.

casing
. . . . th h th t
QO Caprock is a proven effective seal, focus is directed at the wellbores |[[] cement e
m]]m formation \f between cement and formation

ﬂ

O Long-term well integrity depends on: “'
« initial well completion
betweex;n cement

< abandonment operations. and casing

2

/

through the casing
O Agqueous CO2 could chemically interact with well materials,
potentially leading to material degradation.

L

. : Foca
through fractures ‘WM‘H”“

O Requirements stipulated by the mining regulations for oil and gas

wells



Dutch sector: SODM - NOGEPA 45

Formation-to-formation (wall-to-wall) barrier across the caprock, consisting of
« An abandonment cement plug,

* Asingle or multiple casing and/or liner string(s)

* Asingle or multiple primary cement sheath(s).

primary/annular
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cement
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Risk Assessment

Criterial

Code

Cement plug

Annular cement

Formation-to-formation barrier*

verified® cement plug length
across caprock exceeding
minimum required length?.

well-bonded annulaff cement
across caprock exceeding
minimum required length?, as
demonstrated by cement bond
log.

overlap of plug and well-bonded
annular cement across caprock
exceading minimum required
length?®, as demonstrated by
cement bond log.

N/A

well-bonded annular cement
across caprock exceeding
minimum required length?, as
inferred from cementing
operations reports.

overlap of plug and bonded
annular cement across caprock
exceeding minimum required
length?, as inferred from
cementing operations reports

verified® cement plug length
across caprock less than minimum
required length3.

well-bonded annular cement
across caprock less than minimum
required length?.

overlap of plug and well-bonded
annular cement across caprock
less than minimum required

length®.
Category 0 Wells that did not penetrate the storage reservoir and therefore are out of scope.
- Category 1 Wells currently accessible along their entire length.

Category 2 Wells currently partially accessible; interventions can reach the caprock.

Category 3 Inaccessible wells with formation-to-formation seal exceeding minimum reguired length
across the caprock, as demonstrated by available cement bond logs.

Category 4 Inaccessible wells with formation-to-formation seal exceeding minimum reguired length
across the caprock, as inferred from cementing operations reports.

Category 5 Inaccessible wells with formation-to-formation seal less than minimum required length
across the caprock.
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Example assessment

From Dutch sector
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Table 3 Well integrity status categones

Category 0 wells that did not penetrate the storage reservolr and therefore are out of scope.

Category 1 Wells currently sccassible slong their entire length.

Category 2 Wells currently partially zccessible; Interventions can rezch the caprock.

Category 2 Inaccassible wells with formation-to-formation seal 2 ding minimum requirad length
zcross the capreck, 3s demonsirated by available cement bond logs.

Cetzgory & Inaccessible wells with formation-to-formation seal 2xceeding minimum required length
zcross the ceprock, esinferred from cementing cperations reports.

Category S Inaccassible walls with farmation-to-farmation sezl less than minimum requirsd lergth
across the caprock
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CO0O2 well scenarios with corrosion risk

CO2 injection Shut in Shut in
Steady state short lon
Gas/Fluid Gas/Fluid
Tmin T=
-60°C 5-20°C
Dense
CO2
* Water condensation * Water condensation in
in the top the top
* Formation water on * Formation water can

bottom move up inside tubing

Boil-off
Above SSSV
Gas/fluid
Tmin
-10-78°C

* Water condensation
in the top

* Formation water on
bottom




No
water

No
impurifie
S

H2S

2 \Water

H2S, O2,
SOKx,
NOXx

Material selection for flow-wetted tubulars

Carbon Steel

13Cror S13Cr

Depending on pH, Chlorides,
T, Oxygen

Olclielel 22Cr, 25Cr, 28Cr

Depending on pH2S

n Steel

25Cr, 28Cr, Ni-

alloy
Depending on pH2S, pH, O2
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The long-term corrosion behaviour of abandoned wells

C o rro S i o n under CO, geological storage conditions:

(2) Experimental results for corrosion of casing steel
Shigeki Azuma™, Hiroyasu Kato”,
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Fig. 8. Effect of test duration on corrosion rate of J55 and N80 specimens
(*: 100~1000 hours for the test with H,S and CO)

> |n (semi) static condition corrosion by carbonic acid seem to be a self-limiting process



Buffer zones

Can a small leak be absorbed by a buffer zone?

Q Leaks, if they occur, are expected to be small

O For almost all future CO2 stores large sand bodies that
can act as buffer zones are present

O Possible Work-flow: 0
Q Calculate maximum expected leak out of store
Q Identify buffer zones
O Calculate expected CO2 penetration into buffer

Structural &
stratigraphic
trapping
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Q Some free CO2 remains, but properly trapped and 1250m /< :
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] Seal
S

Lower Volpriehausen Sandstone

O No harmful effect on Environment
O Bow-Tie

2201 m

2632 m

95/8" Typical for Bubber zone?




