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1. Introduction
Circum-Bohai-Sea region

One of the most densely populated and economically prosperous 
regions in China;
One of the highest CO2 emission regions in China;
Three provinces in this region, i.e. Shandong, Hebei and Liaoning, are 
ranked 1st, 3rd and 4th respectively in terms of CO2 emission in China 
(statistics in 2006);
The CO2 emission in this region will account for nearly 30% of the total 
emission in China, if the emissions in Beijing and Tianjin are included. 

It is urgent to reduce the CO2 emission effectively for the environment 
protection and sustained development of social economy of the Circum‐
Bohai‐SeaRegion. 



1. Introduction
CO2 Capture and Geological Storage (CCS) 

  a new-coming technique to mitigate the greenhouse gas 
emission;

  CO2 is captured and injected back into deep saline aquifers, 
abandoned oil and gas fields or unminable coal beds.

effectively and safely reduced
large mass
long term

Advantages:



Offshore geological storage

1. Introduction

  has technically more advantages than onshore geological 
storage (Schrag, 2009);

  relatively easy pressure management and less impact on 
population, land and groundwater ;

  may cause higher costs under the current technological level.

a more promising CO2 storage option in the future 
(Schrag, 2009; Zhou et al., 2011). 



1. Introduction
Bohai Basin: many favorable conditions to implement 
offshore geological storage:

 the huge thickness of sedimentary deposits
 the rich data and techniques in accumulation of oil and 

gas exploration
 the close distance to CO2 sources

Evaluate the potential CO2 storage capacity of the 
Bohai Basin using the published data and references to 
meet the potential demands of CCS in this region.

Our Work



Geological  settings

2. Geological background and CO2 storage conditions



Cenozoic stratigraphy

Cenozoic stratum of the Bohai Basin is mainly made up of terrigenous 
clastic rocks. Its maximal thickness is close to 12000m at the Bozhong 
sag, in which the Neogene exceeds 5km at most (Li & Lu, 2002). 
During the long and complex geological evolution in Paleogene rifting 
and Neogene post-rifting and depressing, diverse sedimentary 
systems were formed, including alluvial fan, fan delta, braided river 
delta, river delta, submarine fan, sublacustrine fan, lake and extremely 
shallow water delta of Neogene, etc.(Yang & Xu, 2004; Zhu et al., 
2009). The uplift in the basin and circumferential highland provide 
large amount of terrigenous clastic substances.

2. Geological background and CO2 storage conditions



Petroleum geology

2. Geological background and CO2 storage conditions



2. Geological background and CO2 storage conditions

 CO2 storage conditions 

There exist several sets of storage-seal assemblages in the Bohai 
Basin. The first is the mudstone of the Minghuazhen Formation, which 
is used as the seal of the reservoirs of the Minghuazhen Formation, 
the Guantao Formation and the upper Dongying Formation. The 
second is the mudstone of the lower Dongying Formation, which is 
used as the seal of the reservoirs of the lower Dongying Formation, 
the first member of the Shahejie Formation. The third is the self-
reserved and self-capped assemblage of the third member of the 
Shahejie Formation. 



3. Method and data source

Method of storage capacity calculation
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We use the method  proposed by USDOE (2008), which fits 
better the data collected in the Bohai Basin. According to 
USDOE (2008), the effective storage capacity can be 
expressed as:

MCO2 is CO2 effective storage capacity
A is reservoir area
h is reservoir thickness
φ is porosity of reservoir
ρCO2 is density of CO2 in reservoir
E is effective coefficient of storage

(1)



In fact, equation (1) can also be expressed in the integral mode, if the 
reservoir can be considered as the assemblage of many 3D unit dxdydz, 
with porosity φ(x, y, z), sandstone percentage δ(x, y, z) and CO2 
density ρCO2(x, y, z).

Method of storage capacity calculation
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In discrete mode, equation (2) can be expressed as

(3) 

supposing that the target reservoir is made up of many cubic units with area 
of ΔAi and thickness of Δhij , their center burying depth is dij, sandstone 
percentage is δij , porosity is φij , temperature is Tij and pressure is Pij. Here 
ρCO2 is CO2 density at temperature of Tij and pressure of Pij.

3. Method and data source



Data source

The exploratory well is sparse in the Bohai Basin, only about 50 per 
10,000 km2. Even the evaluation wells are included, there is only 100 
wells per 10,000 km2. Therefore, the basin is in a low to medium 
exploration degree. In order to calculate the CO2 storage capacity, it 
is necessary to simplify the selection of parameters so that the data 
insufficiency can be implemented. In this study, the data of reservoir 
thickness, physical features and geothermal field in the Bohai Basin 
are collected, 

3. Method and data source



4. GIS-based Assessment

A geographic information system is a system designed to capture, 
store, manipulate, analyze, manage, and present all types of 
geographical data.

GIS



GIS data model

4. GIS-based Assessment



Data process

Map Scan: paper to images in computer
Map Digitization: images to vectors, such as 

points, polyline, polygon, ……
Coordinate transformation: using uniform 

coordinate in order to display and calculate 
multi-source and heterogenous spatial data

Griding:  interpolate vectors to rasters in 
uniform cell-size and spatial boundary

4. GIS-based Assessment



Quadrangular prism

The cells  at the same coordinate of both upper interface raster  
and lower interface raster of one stratum can construct a 
quadrangular prism as a calculate unit;

Each quadrangular prism can be divided vertically into multiple 
units to improve the resolution of calculation;

Calculate the storage capacity of each Quadrangular units using 
the Arcobject interface - IRaster;

Summarize the results of each Quadrangular units. 

4. GIS-based Assessment



5. System introduction

Main interface
toolbar

group layer

navigation view

main view



5. System introduction

Storage capacity calculation function
 step 1: stratum parameter configuration 

stratum thickness layer
data format

name for raster 
layer if need to 
interpolate from 
vector layer

sandstone 
percentage 
of stratum



5. System introduction

Storage capacity calculation function
 step 2: stratum temperature configuration 



5. System introduction

Storage capacity calculation function
 step 3: calculation parameter configuration 

calculation 
boundary 
selection

grid cell size

effective 
coefficient

vertical 
interval

voidage value 
region

interpolation 
configuration



5. System introduction

Storage capacity calculation function
 step 4: computing 

computing 
progress



5. System introduction

Storage capacity calculation function
text results

All parameter values during the calculation are stored 
in text format for reference



5. System introduction

Storage capacity calculation function
spatial layer results



5. System introduction

Merge of multiple spatial layer results

layer selection merge result



5. System introduction

Statistics



6. Results and discussion

The total reservoir pore volume between critical depth and 3500m depth for each 
stratigraphical unit from lower Minghuazhen Formation the third member of 
Shahejie Formation is 1.6×1013m3, where totally 963~3851×108t CO2 can be 
stored, with the mean value 2504×108t. From the critical depth to the lower 
interface of the third member of Shahejie Formation, the maximum sediment 
thickness is nearly 10,000 meters, but the total pore volume is 1.7×1013m3, only 
increase slightly in comparison with the reservoir over 3500m, and the mean CO 2 
storage capacity is 2675×108t, with an increase of 6% over stratum shallower 
than 3500m. The total pore volume of the reservoir at depths from critical depth 
to 2500m is 1.3×1013m3, and the mean value of total storage capacity is 
2037×108t, and both pore volume and storage capacity decrease by 20% or more 
over the whole Cenozoic reservoir. Thus, it may not cause serious 
underestimation of capacity if the depth of 3500m was regarded as the lower limit 
of storage depth. 

Total CO2 storage capacity of Bohai Basin 



6. Results and discussion

Isopach map of Bohai Basin Cenozoic sedimentary rocks 
(Lower Minghuazhen to 3rd Shahejie Formation) between the 
depth CO2 reaching supercritical states to 3500m



6. Results and discussion

Contour map of CSCD (CO2 storage capacity density) in 
Bohai Basin, unit in 104t/km2 



6. Results and discussion

The suggested potential storage area in Bohai Basin
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