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Abstract

The Songliao Basin is a Mesozoic-Cenozoic basin with structures that formed during two stages of development. Rift development in the
Late Jurassic to Early Cretaceous period resulted in the deposition of thick clastic and volcanic sediments in isolated rift depressions, with
average area around 1300-5800 sg. km, whereas the sag development in the Upper Cretaceous series led to severa kilometers of
freshwater lacustrine-deltaic sedimentsin a gigantic sag basin. A number of giant oil discoveries were made by early exploration of
structural traps in the Upper Cretaceous strata. The depletion of oil reservesin thisbasin from over half of a century's production has been
substantially offset by oil reserve addition from increased exploration of subtle stratigraphic-lithological traps toward the distal parts of the
basin, and more importantly by major breakthroughs in gas exploration in the deep rift depressions underlying the current oil production
zones. This presentation will use the giant gas discovery from volcanic reservoirs in the Xujiaweizi rift depression, as an example, to
discuss the critical geological controls on volcanic reservoir properties and to highlight the exploration strategies and key technical factors
that were responsible for the discovery. The deep discovery in volcanic reservoirs will not only broaden the exploration scope in the
Songliao Basin, but also provide an excellent analog for exploration in other rift basins worldwide.
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Songliao Basin, with an area of 260,000 km?, home of the largest non-marine oil

field in China, leads the Chinain giant gas discoveries from volcanic reservoirs
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l. Geological setting
ll. Characteristics of volcanic reservoir
lll. Implications for further exploration

IV. Key exploration technology



® Dual structure of the basin fill
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- Stratigraphy of rift sediments
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- Distribution of faulted depressions
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Lower Cretaceous Contour
Map

® Over 30 grabens identified

® Total potential exploration area of

50,000 km?
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Il. Characteristics of volcanic reservoir



Volcanic rock distribution
In the Xijiaweizi Depression

Contour map of volcanic rocks

in the Yingcheng Formation
&

» Depression size: 5000 km?2
* Volcanic area: 3500 km?

» Av.thickness: 200-1000 m
 Max thickness: 2200 m
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Exploration wells: 50
3D-seismic data obtained: 5000 km?



Volcanic rock gas pools occur mainly in

structural-lithologic traps
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e Well testing results

For 18 wells with production test (15 from volcanic
and 3 conglomerate):

e av.daily gas rate: 95,000 m?
e with relative stable pressure
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Types of volcanic build up
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@ Volcanic reservoir pore space types
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s Secondary porosity is important
for tuff reservoir
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« Evaluation criteria for deep volcanic
reservoirs in the Songliao Basin

Reservoir

Porosity

Permeability

Well Results
type (%) (mD)
Xushen 8 well
rIe;;fr?/gic:' >10 >1 11.6% porosity
22,0000 m3
Xushen 1-1 well
| 1. Moderate 8.2% porosity
reservoir 6-10 0.1-1 446,000 m3 after
fracturing
n Xushen 5 well
- 5.8% porosity
Unsatlsfac_tory 4-6 0.05-0.1 120,000m3 after
reservoir _
fracturing
Shengshen 5 well
IV. Poor 2.4 0.001 — 0.05 3.8% porosity
reservoir
108 m3
Fangshen 901 well
V. Non- <2 <0.001 very low porosity
reservoir

dry
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lll. Implications for further exploration
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“ Proven gas reserves & exploration potential

> Proven gas reserves: 10 tcf

» Potential gas: 30 tcf




¥ Implications for further explorations

Deep volcanic reservoirs as important targets due to:

 Relative good reservoir quality

e Large volcanic rock volume

e Favorable source-reservoir-seal combinations



@ Higher reservoir porosity than clastic
rocks in deep strata

Porosity (%)
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f"n Potential large reservoir volume
in deep stata
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Zhunger Basin, NW China




Favorable source-reservoir-seal
combinations

Sichuan Tarim Zhunger Santanghu Songliao Bohai Bay
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'@p Major discoveries in deep volcanic reservoirs

in China since 2002

.....

Zhunger
Probable oil
reserve 178 M T,
Gas 69.6 BCM
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Proven oil

....f;_,

g Santanghu
; Probable oil
1 reservel0O5MT

Sichuan
Proven gas
reserve 3BCM

Erlian

reserve 21 MT

---------

Songliao
ﬁ Proven gas
reserve
321 BCM

—

Bohal Bay

Proven oil reserve




@ Major discoveries in deep volcanic reservoirs
in China since 2002

National reserve growth: oil 370 MT, gas 390 BCM
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IV. Key exploration technology



Advanced technologies help exploration

o ) :
in deep volcanic rocks

* Seismic
 Wirelinelogging

* Advanced drilling

e Advanced stimulating



imaging

Improved depth
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technol ogies enhance
data quality and make
drilling targets clearer

Advanced seismic




Volcanic reservoir prediction
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. Identify volcanic lithology
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s 2 More accurate porosity estimation

Much better coordination between calculated porosity and core analysis results

Calculating flow of porosity

Element component of the
reservoir by ECS logging

Establish relationship between
element component and
framework parameters

|

ECS calculated porosity + NML
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o Gas saturation estimation

Interpreted results of Xushen 8 well logs
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fmm o , e R I = rock, conventional saturation
NML data I calculating method is not

adaptable to saturation
calculation
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Gas column
data

* Interpreted coincidence
ratio of gas and water is up

to 91%
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£ Efficient and economic drilling

Air drilling accelerates drilling speed by 6-7 times



Advanced stimulation techniques

- lower reservoir requirements
Porosity (%)
5 10 15 20 25
2500 e
o For example:
Shengshen 202 well
= %00 [ ‘@ | 3.9-55% porosity
% oog b Al Daily gas production of
237,997m? after fracturing
4500
5000

Reservoiriimit



o Concluding remark

®Did we significantly underestimate the hydrocarbon
resource potential in volcanic rocks?

®Will volcanic rock become one of the most important
targets for deep exploration in many of the world’s
sedimentary basins?

®What lesson can we learn from the recent experience
in China?
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