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Environmental Monitoring for CO, capture, transportation, enhanced oil
recovery and storage
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Climate change is one of the most significant threats facing the world today. Avoiding the

worst consequences of climate change will require large cuts in global greenhouse gas emissions

which has been the hot issues in international society.
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Methods for CO, mitigation
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CO,-EORZEHEIRM R COFIREFRHIER

CO,-EOR is an ideal option for CO, geological storage at present
REESEHEESNER. SIEFRE. RIEE , mElaRCO,ERRBEREE. KFE.
S5 EHEESFEGE | 2I0RAIKHT , v ZNETFRERSERE | HAIEERS
FUg==,

Low permeability reserves in China are large-scale with low use and recovery efficiency.
Supercritical CO, is characterized by high density, low viscosity, easy to mix with crude oil. Thus,
CO, flooding is excellent, and can be widely used in low permeability reservoirs in China.
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Koornneef, J., et al. (2010). The impact of CO, capture in the power and heat Sector on the emission of SO,, NOx, Particulate Matter, Volatlle Organlc Compounds and

NH; in the European Union. Atmospheric Environment 44, 1369~1385.
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At concentrations higher than 10%, CO, gas can cause severe injury or death due

to asphyxiation.

In case of accidental leakage/ release of CO, from a pipeline (typically containing
several Mt of inventory), the released CO,, dense gas cloud:

» could accumulate to potentially dangerous concentrations in low-lying areas,

» could cover an area of several square kilometers

_Jet dispersion | _Transition, Heavy gas dispersion,
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Vapor/Solid
Mixture

Solar Heat Gain

111
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In 2006 and 2010, BP and Shell conducted field experiments on CO,
release and dispersion during transmission to conduct industrial-scale
validation tests of theoretical models, respectively.
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III. Environmental Monitoring and Regulations for CCS
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Developed countries, including Europe, Australia, US, Japan, and UK, have
provided regulations for carbon storage and emphasized the importance of
environmental impacts during the life cycle of CO, storage (Directive 2009/31/EC,
2009; Australian Environment Protection and Heritage Council, 2009; US EPA,
2010; Marine Pollution Prevention Law, 2007; UK Parliament, 2010). In China,
CO,-EOR is still in the early research stage (development and demonstration

phase), and the present CO,-EOR projects are focused mainly on oil recovery
efficiency. i
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Seismic method to simulate CO, plume. Height of CO, injection affects
the feasibility of this method.
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S8Z%., Ground water and soil gas

- KAk AIEEKEAE CGRHL TIRK) BATAR, ETHE
- LER: EREWEY. SRAEK, J5ERN

R E LW || BRI REN
BE[E[®[F|K[E[X[B
|| 0 ||| | S|
BlW| | =

&F HF =&

R

Weyburn
Pembina Ca
CO,-EOR | B EH ]
HEF & B
HEKIE H
i
Aquistore
In Salah
CO, Bk [Sieiphet

Snohvwvit
E#HF Tacq

Otway
CO,SINK
Frio

™

______ TAANEL - f5 4l @




o 275 7% Monitoring methods

B XIELIRBit 28 MBS

Identify leakage risks by comparison
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Developed online software tool to present monitoring techniques

Monitoring Selection Tool
coan -
oz eane | e | | wee || mteractlve tool\

Reservoir location Reservoir depth Reservoir type Landuse at site Monitoring phase Monitoring aims Tool package

{* Onshore { 0.5-1.5 km "  Aguifer Settled {* Pre-injection Plume

i W [ calibrate " Core Can be fou nd at:

{" Offshore {7 1.5-2.5 km f« oil ie { H [v Leakage {" Extra

" Both (¢ 2.5-4 km ™~ Gas " Wooded " Post-injection [ Migration [7 Seismicity (v Al http:l/WWW-Iea
" =4km i i { [T Quantify r =

- ororectes - - ghg.org/index.

s i ot php?/Monitori

Scenario name Enter scenario name here ... [2013-09-30 02:20:59] ng_selection_

Agricultural Injection Top-seal

Coal Arid Closure Integrity

Efficiancy Confidence

Location Onshore

Depth 2500 to 4000 m T I ht I
TwIJJe il Ool. m /
Quantity 175.000 Mt (35.000 Mt/yr for 5.0 yrs)

Package Agricultural+Pre-injection+All

Soil gas concentrations 100 4.0

Bubble stream detection 100 4.0

IR diode lasers 75 3.0

Mon dispersive IR gas analysers 75 3.0

Bubble stream chemistry 75 3.0

Downhole fluid chemistry 75 3.0

Eddy covariance 75 3.0

Surface gas flux 75 3.0

Airborne spectral imaging 75 3.0

Long-term downhole pH 50 2.0

Fluid geochemistry 50 2.0

Ecosystems studies 50 2.0

Tracers 50 2.0

Tiltmeters 25 1.0 Bt ']llq’{i1‘t .ﬁs‘ '/;'I ELb ‘9
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) RBISrHr-Shengli oilfield case study
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In light of the characteristics of our enterprise, and giving full play to the strength of integration stragety,

Sinopec has laid strong emphasis on CCUS technology research and application demonstration, which adpots
CO, flooding as the major method of resource utilization and storage, achieving “Green Oil”.

CO,RHE—RBRIX FiEE S

Emission Reduction
---Social & Environmental Benefits

CO,IH—IRRRINE EiFds
Enhanced Oil Recovery
---Financial Benefits

hEHE

ML, MAELMIEUEF=EL3.02MC0, |, EESEMHMACCUSEA , SIEAEA-5.6MCO, , AILNEF AL ,
RS FHCO, P B R, I
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Sinopec 100 t/d CCUS Project on Coal-fired Power Plant Flue Gas

BREFIRRMRSRICO MMSRHFR , SidEYE. TR, RUCREHES | ETEFEmEER
XRFCO,IKMSHITF,

Process: capture and purify in Shengli Power plant, compress, dry, liquefy, store and CO, flooding

R E48 i L A 1%T'ZE
Sﬁeﬁ%ﬁf%xggipiant Compress Dry Liquefy Store,Load
MSA{L = IR EER ik S I B R-22%.FI 5 B
KI% =R JEqR il 1% 51 figE
HEE: 80% HOEH: 2. 5MPa 7IKEE = WILBEE: -20C fEFEEHN: 2. 2MPa
“ifE: 99. 5% HOEE: 40C <—40C figfFmE: —20°C

i IR
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REMEEA , hER T ARTE/ERRRRT HSCO, fm5s =AM
89(F:siEiMismEIFIRidiAlh , BRFFRAIKHECCUSTETIZMHRARSHET
g
(1) Ferts50n/EREHSESCOME. MERRHHEFERELE;

(2) BEFIEI 1005 I/ SEIRIIRIE S CO MR, IERIRimEFRELIE.

Sinopec has built up 100 t/d CCUS Project on Coal-fired Power Plant Flue Gas, and now there are two

ongoing CCUS projects:

One is 1 million tons/year CO,-EOR project with flue gas from Shengli coal-fired power plant as CO,
source, and the other one is for 0.5 million tons/year CO,-EOR project with coal gas from Sinopec Qilu
Petrochemical company as CO, source,

e, BEFIERT
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Shengli Power Plant Phase III, /

Rarefied CO2 »/  Chunliang*€O: i
(CO214%) -=Flooding Block

\

I Chemical Absorption Process I
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1 M/a l Jan. 2012~Jun. 2013: Research
‘ Dec. 2014: Project construction
2015: Project operation, monitoring and evaluation

Chunliang Oil Region
Flooding
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- Chunﬁang atr
QPEC Coal Gas,
elevated CO2 (CO2 90%)
l U!mml i TR i
Cryogenic Distillation s )
Progess g
0.5 Mt/al . o
Dec. 2012: Project plan and feasibility study completed
Chunliang O.'I Region Dec. 2013: Project construction and
Flooding

commissioning completed .. -
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CO, KHEL CO, pipeline

BRI SESHCO,Z59
e mEmE 1.454% , RESHE@EX , BHED
4MPa , E{£DN400,
EfhixegizSInisx, 18
aBisdER , (uFEEhiim ,

 semes | BESKH720km, SHEE—R
i 7 N\ ot | coxmEE.
DN400, 4.4MPa \ HEE=E
o bt Ogmi E& . \m ‘‘‘‘‘‘ S _| Initial Pressure: 4.0MPa
O s osem [ Ao RER=E CO, Phase: Gas
O Kl }miﬁ O gy CO, content: 91.454%
R E‘Flﬂé ox4 Diameter of pipe: DN400mm
10 Rl

Length: 72 km
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Sllonet CO, safety and environmental monitoring

S5F%XZE. PRERNELHFHR. PEIWKXFFHAFHEERS TR T CO,IKiH
FRRIRENATNGER& , F&THFHECO, KHREXFEIMEENGE | i
EXIHREX LIRS, TFK, 5. XS, WEEESFHEFRAREL.

CO, environmental monitoring and impacts assessment will be studied cooperated with Tsinghua
University, Institute of Rock and Soil Mechanics of Chinese Academy of Sciences, and China Mining
University. Environmental monitoring plan for baseline has been finished, including soil gas,
underground water, vegetation, air, and ground deformations.

#as 2012668230 i8R ICIES 20318130 KiRELF @§ida 201383868 8tz
NEHEFBHEVARNSE5HG  FRMEENGRCHRRY F—FIEREmMG
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Sllonet CO, safety and environmental monitoring
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tRRIO
Onec

X

TIRS N soil gas

itﬁ’E\,COZEE Soil gas CO, flux
PLES X1 (9.8kmx7.2km)#pig 7 86 il , HAgiFSXid(2.5kmx1.5km)&204
B, FEENGPSSANBFELE N SRISIRAE , EIEEGM-4 CO,IFIRNIENTIES

COZEEo

There are total 86 monitoring points for soil gas CO, flux, in which 20 points are set up in injection area. Portable
GPS is used to ensure the accurate position of monitoring points. EGM-4 is used to monitor soil gas CO, flux.
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ZHANG Yuanyuan
Email: yyz19841@163.com




