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Abstract

Acrtificial aquifers in hydrologic cells can be used in enhanced oil recovery by means of 3-D water-injection, with conventional
hydrofracturing to make sets of vertical extensional fractures across two parallel horizontal boreholes. The direction of the horizontal
drilling is chosen on the basis of regional stress distribution. The oil reservoir of the EOR system is divided into a series of production
strips, which in effect become compartments, so that those strips are sequentially exploited. A first well, drilled into a first portion of
the oil reservoir, is for water injection. A second well, drilled into a second portion of the reservoir, is for oil production.
Hydrocarbons are driven by injected fluid (water or gas) under a pressure gradient to flow horizontally to sweep the oil of a reservoir
in the direction from a source aquifer to a sink aquifer. Each production strip comprises a source aquifer formed by hydrofracturing
across the first well and a sink aquifer also formed by hydrofracturing across the second well.

Feasibility studies and computer-simulation models suggest that sweep efficiency can be doubled. Although the technology was
invented for EOR of depleted or abandoned fields, it is best applied to newly discovered fields with reservoir-permeability too small to
be exploited by conventional technology. A production test at Changging Oil Field, China, yielded an initial production rate of 280
barrels/day from an oil-bearing siltstone with ~0.1 millidarcy permeability.

This technology (described in US Patent 6,158,517) may also be applicable to exploitation of tar sands and gas hydrates, where
hydrocarbons plug the pore space of the host-rock/sediment, so that hydrocarbons can be induced to move vertically across a large
vertical cross-sectional area from a source aquifer to a sink aquifer.
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: Pr]mar} Production:

BMOJINHeVWsHnto the one dimensional point-
sEURCE of production, under pressure
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o vith of “Water Cone” around the
..f_;o*rehole

s Production stops when oil is prevented by
the water cone to enter the borehole.

* Sweeping efficiency 25%o
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giiNisidriven under pressure from one
well (ine source) to another (line

= sin ) Two dimensional sweeping.

' rReS|duaI oll left between the path of
* fluid flow cannot be swept out.

* Sweeping Efficiency:< 50%o
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0 bw/d/ng Up enough pressure to
- proauce such long fracture

‘s planes, if fracturing is done by
hydarofrac.
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2 Her///r 90 fracture planes along the
eyd _[/E’ of norizontally drilling wells.

- Gl smg reservolirs with low

=5 *pe“rmeab///ty to build up pressure for
~ fhydrofracturing and for water-
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CUIEY _I@Chnology of EOR. =
gyAorizontal Drillingees

PlIfcoming out of line-source of
penzental boreholes. Great boom of
oifpProduction after the invention of
r prizontal drilling.

_ ] ydrofracturlng to Increase the
F-i-“-""‘ “permeability around the

-

» horizontally drilled holes to enhance
production.



B
The sl Technology of EOR! t S

Dirr s-lonal WaTﬂ..Floodm

PIE pParalielrnerzontal WeIIS are o anned.

Vieasurement while a borehole is drilled vertically
INE 1o direction ofi horizontal drilling.

e..h drilled in the direction of maximum principal
preferably to a depth where vertical, extensional
tlre plane is produced by hydrofracturlng

nts are injected to prop up the fracture.

. pressure fluid is injected for fluid flooding to drived
““the oil between fracture plans of two parallel horizontally
~ drilled wells.
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SN Aistory.of application =

lVEntien of the 's=biwater-flooding technology by Hsu, and
otlglleziife)g] of the US patents in 2000, subsequently patents are
aranted in Canada, 9 Gulf-Coast States, Iran, & Nigeria.

et Echnelogy 1s not economically applicable during 2000-2005,
PECAlISE of the relatively high cost when crude oil was sold for
1i2=20/USD per barrel.

2 IS etltloned IniSeptember 2005 the Prime Minister Wen
. ﬁ.u off PRC after crude oil price rose above 50 USD per barrel.

= "JJ_:'_‘P Vi Wen immediately instructed the Chinese Petroleum Industry
= =10 study the Hsu Technology

= s A conference in February, 2006 to evaluate the applicability of
.. —the Hsu technology

_'-° Petro-China reported in April, 2006 their first test
E At Changging Field
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IMENESU technology IS a tec nologlcally feasible
erEnaliinvention.

JiE Chinese oil industry is advised to apply the
LECHNOIogY for EOR not only of olil fields in their

[POS:! essmn but also In fields to be purchased where
— ——:Eﬁ e Hsu technology is most applicable.

5: "’jl' the Conference delegates appealed to Hsu’s
_— _patrlotlsm to suspend his activities to promote the
licensing of his patents, so that Chinese oil companies
could have a priority to purchase oll fields in foreign
countries where the Hsu technology is applicable.
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ANl 2006. Report of the first test by Petro

Crilfzl Yy ith three norizontally wells drilled in
i) __d rection of maximum principal stress.

= The

g réservow permeabllity Is very low, and IS
- -*-‘—'c \the average 0.1 md.
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=0 *"The first test produced 40tons oil per day, - a

success considering the extremely low
reservoeir permeability.
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Igieyeion fem the Intermet. Accuracy not guaranteed.
ShHEnOging field was; first discovered in 1907, with 50 kg
(esstenerarmel) oil production per day.

Shinoaing field was not extensively developed.

e 1997 annual production was some 10,000 tons per
--/Acﬁ —

A new production method was discovered in 2004 - 2005.

:' Il'he annual production of the year 2006 was 10 million
= tons (or some 200,000 barrels per day).

~* The annual production of the year 2007 was 20 million
tons.
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