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EU-GeoCapacity findings



Location and size of the major CO2 sources

• Hebei Province

• 88 point sources 
with emissions 
>0.1 Mt/y in the 
Hebei Province
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• Total: 220.7 Mt/y



Major industrial CO2 emission sources (> 1 Mt/y)
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• Major Industrial CO2 sources (>1Mt/y) in the Hebei Province.
• The maximum emission is 18.8Mt/y (Power).
• Other main emitters are iron/stell and cement plants 
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Structure of the 
Bohai basin:

Result of transtension + 
extension during the 

Jizhong 
depression
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extension during the 
Paleogene

Geol. Storage target:
Jizhong depression

Allen et al, (1997)



Seismic cross section through the Jizhong 
depression (Baxian Sag)
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Zhao and Windley, 1990

• The Jizhong depression was formed during the Tertiary as a 
combination of strike slip and extension displacements

• It was filled by a thick (several Km) syn-tectonic stack of 
sediments, especially during the Paleogene



Jizhong 
depression:

27 hydrocarbon 
fields (clusters of 
structures) and 
pipelines
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Main types of hydrocarbon fields
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• The hydrocarbon fields are located in various tectonic settings.
• Nevertheless they can be roughly subdivided into two main types:

– Pre-Tertiary buried hills (mainly fractured carbonate): e.g. Renqiu
– Tertiary (mainly porous sandstone): e.g. Chaheji
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Comments on the capacity in HC fields

• The capacity, based on the recoverable volume and production 
history is roughly estimated by the conventional formula:

• SMt=Rt*RF*FFV*� CO2 (static)

• Accounting for recovery and formation volume factors, and for CO2
density, the total Huabei complex exhibits a relatively low storage 
capacity of ~215Mt CO2, 184 corresponding to an equivalent oil 
volume, and 31 to an equivalent gas volume. The Renqiu field alone 
offers a potential of ~83Mt
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offers a potential of ~83Mt

• But:

– Structures are very disseminated and mostly small

– Several major fields are near the ‘water cut’

– The amount of CO2 really stored by performing EOR (dynamic) at a late 
stage, is still not known (within this project) but is likely to be less.



Storage in aquifer: the Guantao Formation (Miocene)
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Yang & Xu, 2004)



Guantao Fm. Depositional system

• Unconformably overlying the Paleogene, the targeted Guantao 
Formation consists of fluvial, fining upward deposits with high 
permeability sandstone bodies.

• It exhibits a total thickness of ~60 up to 700m and a bottom depth of 
500-2000m in the Jizhong Depression. 

• The depositional model comprises a transition from fine grained 
lacustrine deposits in the east to coarse grained braided river and 
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lacustrine deposits in the east to coarse grained braided river and 
alluvial fan in the west (Yang and Xu, 2004).

• Vertically, it exhibits similarly a fining upward flooding sequence.

• Therefore, the best connectivity of the reservoir is expected in the 
Guantao 2 basal member and in the direction of the Jizhong 
depression. 



EarthVision 
model of the 
Guantao Fm.
(Jizhong and south 

Huanghua 
depressions)
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depressions)



Guantao Fm. properties

• The sandy horizons:
– generally 5-15m thick,
– up to 20-30m by stacked genetic sequences of 5-7m each 

(Zhang et al., 2004, Liu et al., 2002, Guo and Chen 1997).
• The rock properties are good:

– porosity 21-34% 
– permeability 2-2500mD with an average of 250-450mD (Yang 

and Xu, 2004). 
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and Xu, 2004). 
– net to gross ratio 25-75% in the Lower Guantao with a mean of 

55% and 13-40% in the Upper Guantao with a mean of 20-27%, 
and 25-41% with a mean of 35-39 for the total Guantao 
Formation.

• The waters are of NaHCO3/NaCl type, with a salinity of 1,000-
3,600 mg/l. Water salinity increases with depth.



Depth constraints: top Guantao >850m – Structural map (GIS)
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Capacity calculation:
two hypotheses*, based on conservative storage estimations

•• Worst case: cWorst case: closed aquifer, total formation below 850m, no traplosed aquifer, total formation below 850m, no trap

• CO2 Storage Capacity = Pore volume * CO2 Density*Storage efficiency
– area in the condition of storage: 12384km2
– mean thickness: 382m in the suitable area
– net to gross: 30%
– mean porosity: 25%,

• pore volume in the sand for the total Guantao: 355,000 Mm3.

• available volume created by water and pore compressibility:
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• available volume created by water and pore compressibility:
– VCO2 = Vpores*(Cw+Cp)*� p
– Cw= 4.4.10-5bar-1, Cp= 6.10-5bar-1, � p= 15 bars (~10% of the hydrostatic 

pressure)
• storable volume : 553Mm3, storage efficiency VCO2/Vpores: 0.16%.

• CO2 storage capacity CMt=VCO2 *� CO2.
– CO2 density: 0.67 at a mean depth of 1400m
– CMt = 371Mt only

*among others



Capacity calculation

•• 22ndnd scenario: open aquifer, a single highly permeable horizon scenario: open aquifer, a single highly permeable horizon 
(15 m), fault blocks(15 m), fault blocks

• A different hypothesis considers:
– a single connected sandy horizon with a thickness of 15m in the 

Lower Guantao and a net to gross ratio of 80%

– by lack of data on hydraulic parameters, an arbitrary storage 
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– by lack of data on hydraulic parameters, an arbitrary storage 
efficiency of 3% due to water discharge.

• accounting for isolated fault blocks corresponding to each sag, 
the mass of CO2 stored would be:
– 525 Mt in Shanxian-Raoyang,
– 100 Mt in Baxian,
– 125 Mt in Wuqing sag.



Conclusions on aquifers

• Recent simulations (TOUGH-React) give similar results for the closed 
confined aquifer. Other cases are controlled by the boundary 
conditions.

• Main issues are the relation flow rate/pressure increase/number of 
injectors/pressure propagation into the aquifer and the impact on other 
uses (groundwater, thermal water, gas storages, hydrocarbon fields)
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uses (groundwater, thermal water, gas storages, hydrocarbon fields)

• Aqueous storage by dissolution must take into account kinetics and 
advection processes (slow)

• Water discharge from the aquifer would improve an efficient storage of 
the CO2 streams currently emitted. 



Multi sources-sinks matching: new paths computation

• GIS based DSS 
developed within 
the cooperation 
mini-project 
KIMCARNOT 
(INET-BRGM)

• Funding by 
BRGM/ANR
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• Paper INET-BRGM 
presnted in March 
2008 to GHGT9, 
accepted JRGGC

Choice of the optimal route in terms of money or in terms of natural hazard
Method applied by TU to other provinces as well



Conclusion: reasonable storage scenarios for 
demonstration projects
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Proposed 
storage 

scenarios

• Three scenarios 
proposed from: refinery 
(0.6Mt), fertiliser 
(1.2Mt) and steel 
(3.2Mt) plants:

– Match the flow rate 
from the source
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– Preliminary small 
scale projects 
required

– Capture (clean CO2) 
& transport (facilities) 
costs minimised

– Renqiu and Raoyang-
Shenxian sags first 
objectives



Storage constraints
• EOR: initiative belongs to the operators

– EOR opportunity defined by the operator
– Operator must be involved as the core of the CCS project
– Two types of storage: fractured deep carbonate of buried hills (e.g 

Renqiu) / multilayer sandstone in Neogene strata (e.g. Gudao)
– Risk: leakage related to the ‘fault fracture mesh’ petroleum play

• Aquifers
– Define initiative and incentives 
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– Define initiative and incentives 
– Depositional model will constrain the injection pattern
– Salinity is moderate (1-4 g/l)
– Groundwater use and protection will constrain CO2 injection
– Risk: Complex distribution of pervious and impervious volumes, 

uncertainty on the Minghuazhen cap-rock integrity

• Transport
– Must take into account the natural hazards



Points sources in 
Hebei Province 
cover a broad area 
beyond the Jizhong 
depression:
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>> Several issues
>> Other solutions 
(Huanghua ?)



Thank you!
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