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1. high water cut stage reservoir

—. Conventional waterflood
enhanced recovery technology

1. Vector well pattern adjustment
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(1) 9-10 layer recombination. Vector well pattern adjustment
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(2) 8 layer system plane vector well pattern adjustment
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(3) 1-3 Layer well network restructuring

existing problem :

1-3Layer well network
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1. high water cut stage reservoir

(1) multilayer layer system: Strata subdivision,

layer . new well down layer

geologic reserve : 430/ M; water content : 95.2%;
degree of reserve recovery : 37.8%
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—. Conventional waterflood
enhanced recovery technology

2. fluid diversion adjustment technology
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(2) Single-layer system : Converting some oil wells and water

wells, changing the flow direction
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3. Single sand body injection technology

xxQilfield overall water content ratio> 92%, the main sand body injection patterns better, small

sand with low level of well network control.
xxStatistics of utilized small oil sands condition

Small floor plan

% wirg | BRER g
Wz AR €0.02 13 8.67 15.25
B4k 5h A IR 152.0.02-0.04 22 40.44 20.84
744 3h A AR #52.0.04-0.1 9 32.12 17.14
&t 44 81.23 18.78
xxX 0il sands unused small tables sands
<1.0x10% 1.0-2.0x10% 2.0-5.0x10 >5.0x10% INF
K bR i B bR i B R s B b i B bR i B
g | PR g | PR | g | PP g (ST o | PR | gy
AR <<0.02km?Hb4k | 260 | 96.9 8 97 1 2.2 260 | 1088 | 7125
THi£10.02-0.04km2fi b (A | 17 10.2 24 35.9 10 27.8 51 738 | 55.33
TI#70.04-0.1km20 b4 | 2 2.8 4 6.0 12 38.7 3.0 17.8 21 654 | 3242
& 279 | 1099 | 36 51.6 23 68.73 3 17.82 | 341 | 2480 | 50.84

enhanced oil recovery of 15.7%.

To 2010, drilled 13, put into production 11 , old well turn injection wells 6,
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4. Thick oil layer at the top horizontal wells

1. high water cut stage reservoir

tapping technique
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2+ complex fault block oil reservoir

—. Conventional waterflood
enhanced recovery technology

Three-dimensional adjustment
techniques

Geological reserves of 4.39 million tons, 92.3% water cut; degree of recovery of

38.2%, 42.5% recovery

Il class of &~ e
complex QL
fault block /%\

— Emm—

Xfault block reservoir EW cross-sectional view /
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I class. Thick layer of simple
block :
The degree of recovery of 48.8%,

97.8% water cut, open wells 2, state

is basically technology abandoned.

Class II. Multiple thin simple block The
degree of recovery of 30.1%,water content
89.8% , the obvious contradiction

between layers.

I class. Complex fault block
The degree of recovery of 27.9%,
78.6% water cut, open wells 2, many

small non-well control.

Between layers, the inter-block potential overal analysis, three-dimensional
optimization




Victory Soft

\y —. Conventional waterflood
eexer cenhanced recovery technology

(1) Class | thick layer of simple block — horizontal wells near fault
_ + high strength injection wells
single layer

development
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Curved around the water cone horizontal
horizontal wells near fault - put into wells

production from the spray 24 Day 13 tons of oil production, water content

tons/d, 12. 9% water content 36%, has accumulated 8,777 tons of ol
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(2) Il class multiple thin layers— layer recombination . vector
network of wells
Three segments: Layer recombination, selective mining
separate injection, variable density perforation

Old Well based New Well based Selective mining

inductive/SP separate injection variable density perforation
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(2) 1l class multiple thin layers- layer recombination . vector network of wells

vector network of wells
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| class Iayerszi%jgr%tion well spacing Consider permeability, formation dip, to

L , determine the specific well spacing
Il class layers injection well spacing 200m
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(3) Ilclass Complex fault block - use a combination development of multi-target
multi-block

Horizontal wells across the block

Three target directional WeII
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Oil drilling 317m. Initial daily oil
production 60t / d, excluding
water. The current production of
AB segment, 12.4 tons daily oil
production, water 82.9%, has
accumulated 15,295 tons of
crude ail.

Initial daily output of 10t / d, water
3.9%. Currently oil production 3.0t /
d, 85% of water, tired produced
7,625 tons of crude oll
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The overall effect of the test area

Xx Block development curve +1
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3. low permeability reservoir 1. small well spacing waterflood

Under the guidance of low permeability reservoir percolation mechanism
established technology critical spacing plates.

Low permeability reservoir flow state distribution area technique well spacing plate
350
/
30~50md RSB i, |
x 3 S ’
- 5 ENRESE | £ w |(comemen,a ) | BRBREEW - |-
RERRR S IRIRSHES /I F200m, % e SRR .
B AR 2 || EBYE, mEER, BRATFE. i
NEEF R et y §

=, ﬂlﬁ*&ﬂﬁ#ﬁE
e
=1~ | 200-300m, i&&MIE

EZIF%.

0.5992 0 10 20 30 40 50 60
r.=3.226(P,— PW)[/VKIJ BEBEE 10 un’

Radius threshold supervisionm

To determine the reasonable well spacing to achieve cost-effective
development of the reservoir to provide theoretical guidance
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small well spacing infill achieved remarkable results

: .
. t well
original well . well patt presen
pattern ®, el pa _em oOQ pattern
conversion

400 X 283m ‘~.. ‘ '-.‘ 200 X 200m

RASERHERN : Hetk k3
xxHFREXRER XX small well spacing infill

: comprehensive development curve +3.2t/d

SHEH, Kn’ 1.8 EHEHE w0 :
HRER, 10 286 R W

SHEIERE, o 3250

BESEIEE, 15. 2 10
BT R FHHEE .
MK FH L 4: 1 m 1800
BHAM, o’/d 5.2 60
BFHHM, t/d 4 BHRAE EEKES
WkiE%, n°/d/WPa 0. 58 mid e : ! Mpa
sEKES MPa 34. 0 2003 2004 2005 2006 2007 2008 2009

Recovery increased from 17.7% to 24.5%, 6.8%,
enhanced oil recovery
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3. low permeability reservoir 2. horizontal well fractured completions
waterflooding

Using a horizontal well fracturing by fragment oil well completion, matching
small well spacing injection supplement energy wells network mode

Xxblock Well network #147-F2
deployment diagram

20 12615.415.8 17
HHdE 15
K3

10
(mx)

8 17.317.317.61(.917.216.315.215.115.416.116.216.1

s 16.7 951148 134135 g147-¥1

i o 11.7109109 19 10 99 97

e R726 20 20 19 20 19 20 28 6 20 20 20 20
yA

KE 20 15 11 10 14

(%) 10| #1473

0
sk 30 122 23 22 23 23 25 20 95 oy 0 o 20 23 25 26 27 28

Ej] 20 -/‘\‘/‘_./.’l\._-\._./././.’-/"'

(MPQ) 10

0

12 200901 2 3 4 5 6 7 8 9 10 11 12201001 2 3 4

Cumulative oil production 1.38 5,

4 horizontal wells into production, cumulative oil production 4030 tons of single well,

injection wells injecting normal recovery reached 26%.
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3+ low permeability reservoir

Xx well array well location map

SSmEHA: 0.7km?2
HhEAEE: 50.6x10%
TEBBEXE: 4.7mD

HGEI-14

o S
» SRS
» FERR

Expected recovery from 8.9%

t0 26.1%, improved by

17.2%.

3+ CO2 miscible flooding pilot test

v'injection test stage

20,400 tons of accumulated injection injection pressure

6MPa, day water injection 63.6 tons; meters depending on
the suction index 1.55t/ (d -MPa -m)

v'Gas injection phase

Well Group 4 gas injection wells, as the current total
amount of 31,300 tons injection

Xx Well group gas injection basic statistics

ENEH Hix HE
e (MPa) t) t)
VI HA 3 35
89-4 23076
B /o 7.6 15.9
. WIHA 12 16. 6
=89-16 2150
B /i 7 30. 3
YIHA 12 16. 6
™89-5 2695
H B 7 18
¥IHA 8 29
B89-17 3386
H & 17.1 35.8
N EQ:-1) 31307
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well 1 Yield curve changes after gas injection

o e = SR ]
Well Group cumulative T e
incremental oil 7430 tons. ’
Peripheral production wells yield s ey
. 5 :Z | | Wit J’"\ r.—JL - M
showed a decreasing frend
_ — ot ion. #585-16 |
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L3y g .
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Chemical flooding Resource Evaluation Criteria

Chemical flooding Resource Evaluation Criteria

e s [Rigie | HaErtEk

=~§ ’ 2+ 2+

%3 %0“3 2% cEm | wum | C e
Hm C mg/L me
<

| 2% <500 70 < 10000 <200
1ES <80 < 30000 < 400
[ES =100 <95 < 100000 >400
vV | XKFLEM™E
VZE |iBE: 95-120°C; BiEZ: 50~100X107° pm’
& E [ELihH
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Different types of reservoirs suitable for chemical

flooding methods

—.\ Chemical flooding technology

dualist

i Heterogene foam
Reservoir polymer ic ous floodi N
classification flooding | floodin | combinatio oodin | notes
g n flooding g
| J J J J
mature
I J J J J
. v pilot
\Yi J J tracey
Special high temperature
(95-120°C) Vv J
\% reserve
Low permeability(50- J
100md)
Mar itime N N N J oi lot
After polymer flooding N J tracey
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Victary S (—) Polymer flooding technology

®Class I reservoir the effect of the implementation of polymer flooding

XX Well deployment diagram
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(—) Polymer flooding technology

®Class II reservoir high temperature and salinity polymer

flooding pilot test

0 100 200 300 400 [ ] (o)

T IKH

xx field xx area constructed
Figure

1980

2000

2040

2060 26

2080

210

xxSectional view of the reservoir

1089 X 104t

®Injection wells: 32 production wells: 58

® geologic reserve :

® Formation temperature : 80°C
@ formation water salinity : 21000mg/L

® Calcium and magnesium content : 311mg/L
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®The recovery ratio has been increased by 7.4%(OO0IP), tons of
poly oil increase by 101t/t, which is expected eventually can be
achieved 109t/t,

600 e 100
o 95.9 o ,
Daily oil co se %o o composite
production5 00 F .".\ ,..00 '\. ..,oQ..,o..“.o..o.unoo"'“' 95 \é}/ater cut
o a ¥ 0
vd 400 % e 190
o.\ o/ \oo‘
300 o @ J \ 1 85
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200 i 77 80.5 ....,.q.,..p......... 80
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100 _'_ﬁﬂ( 1 75
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1998 2000 2002 2004 2006 2008 2010

time

production curve of central well in pilot site



well location map of pilot site

area: 0.23km?
reserves: 680kiloton

{ Centeral borefild

@&ﬁﬁ 2.2 The binary system flooding technology

@ The pilot test of surfactant/polymer(SP) flooding

Reservoir Profile

@ Reservior temperature 68°C

@® Reservoir water salinity8207mg/L
@ Ca2*+Mg?* 231mg/L

®Geologic reserve: 277 Okiloton

®Injection well :10, producing well:16
®Injection producer distance: 300m

666666 G 36-166
4 | —=
11111 S | 5 =
— 5°) = ﬁ
5° 6% 5 5
& —
1290 [
\-szx | —
61
—4
(east west
axis)

®the composite water cut before
combination flooding: 98.0%
€ The degree of reserve recovery

before combination flooding: 35.2%



*The recovery ratio has been increased by 16.8%

The production curve of pilot site

@&ﬁﬁ 2.2 The binary system flooding technology

Implementation effect
(2) Production performance-The daily oil production is improved

and water content is lower

Hib t/d
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emupr 2.3 The Foam Flooding Technology

It enhanced oil recovery of class IV high capacity channel and class

I andII reservoir(after polymer flooding)
Diagram of chemical resources in Shengli Oilfield

6.8*108tons

Il
42.5%

B[ IXREKE BIVER DIIX BVE BEL

Development feature

(serious dynamic heterogeneity and
severe development situation)

¢Composite water cut: >95%
e Water injection multiple: >2PV
¢Cumulative water/oil ratio: >7

Reservoir feature
(high temperature and high salinity)
®Reservoir temperature:60-80 °C

¢ Total salinity: 6000-20000mg/L
¢Ca and Mg content:100-400mg/L




emae 2.3 The Foam Flooding Technology

1.Thep

the pilot test of enhanced foam flooding after polymer flooding

Ilot test of reservoir enhanced foam flooding after
polymer flooding

29-503@) 30-308@)
28-5000 30N8 @

28-8

29—50(‘

20N5 @)

29—3.

28-10

28N6 .

The production curve of XX well

91 89 92 92 95 93

100 —
ST ] 60 61 60
vd 60 — 45 45

40 —!

ig = 11.2 140  1°4
B 1o 6.0 88 89 : °3 U 8.5
S — 5.5 . 3.9
t/d 5 —

O |

95 —
I — — sos 916 o908 91.4

| 87.7

X 90 — 870 ss.6 86.7 54
% 85 —]

80 — 612
% 600 —
% 400 — 324
E 200 —|
mg/l o _ 6 28 3

T 11 11 1 1 71 17T 1 1T 1T 1 ["7T T T T T]
01.9 02.1 3 6 <) 03.1 3 6

The injection curve of polymer

HiE m’/d
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The production curve of XX well
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emupr 2.3 The Foam Flooding Technology

€ The obvious of decreasing water and increasing oil are

achieved. | |
The production curve of pilot site

150 : 95
93. 3 ' 140. 9 93 1
130 f 69y : {93
E s
ap 1100 ¢ | —— Hih 191,
t/d YAB: - 5K X
| 0
9 | ! 1 89 7
| 79.1
70t - 1 87
71. 2 enhanced foam S%?o.sgquen_t
flooding water flooding *86. (0
50 ' ' : ' ' ' 85
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
FENPY

® 6 wells are response producer, and the total increased oil production
Is 11,000tons.
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emupr 2.3 The Foam Flooding Technology

2.The pilot test of enhanced foam flooding in class IV reservoir

The well location map of the

.o _ Reservoir profile in XX site
enhanced foam flooding in XX site

1m0

[
3t \%? T

1160 \\H__ﬁ —1180
®Reserves of pilot site: 119X 10
®injection well:4
®Producing well:15 1197 L _ -1
®Reserves of central well region:42 X 104 i i i Lo L o
®Central well :3

Typical representative of IV reservoir

_____________________________________________________________________________________________________________________

®@Composite water cut: 97.1%  @degree of reserve recovery:40%
®\\ater injection rate: 0.3PV/a @cumulative water-injected multiple: 2.8 PV



\9&?’&“& 2.3 The Foam Flooding Technology

€ A large range of injection pressure increasing

The injection curve of injection well The injection pressure

25

20. 5 20.p

£ ™ e
15 | L
,é ! ] 1

12. 8

11. 8

WEHE AR 2R 4 RIS

0 0.05 0.1 0.15 0.2 0.I25 YENET s —Er g FERE

HEAPY

@®The main slug pressure has increased significantly, proved that the
shut off capacity is stronger than polymer.



\9&"’&“& 2.3 The Foam Flooding Technology
€ The resistance coefficient is larger significantly.

KA 10"Pa. t

Hall curve in pilot site Hall curve in XX polymer-flooding block
" 0
y = 0. 3326
40 2 _
RF=4.86 ! RF=2.2 = 0,032 - 15,932
38t . ;
: R = 0,999
36 | y = 0.2193x — 29.947 %
R? = 0.9989 éR 0
w | % y = 0,00 - 10345
i R = 0.9992
7 T 5 | y = 0.0161x - 5. 3503
' R = 0,999
30
0 1 1 1
28

0 100200 300 400 500 600 700 800 900 1000
220 230 240 250 260 270 280 290 300 310 320

HyEE10t

@ It is significantly higher than the resistance coefficient of polymer, the
filtrational resistance of the enhanced foam system is greater and has
stronger shut off capacity



\9&?’&"& 2.3 The Foam Flooding Technology

€ The obvious of decreasing water and increasing oil achieved in pilot site.

C24-92

The development curve in pilot site

C33-P2
‘\ 4-11

CZS;lOl
C26-1@26;G10 C25-J11 C244103
°

C27-G10 ‘CZO’Nl
A C29-NB10

C26-121 C25{121

cor-11 G261

The production curve of XX well

@®The daily oil production is 5.2 times before
injection.

@®The total increased oil production is 19,000tons

®The oil recovery has been enhanced by 4.5%

®The forecast oil recovery will be enhanced by
12.7%

2% 100
23.6 +19
20
H 4 95
st N
t/d ;‘(
0,
10 4
90
- 4
5 80 .l
0 85
0.00 0.05 0.10 0.15 0.20 0.25
FENPY

100
97.3
6.0

+4. 6

1 90
/3\
K
%

1 80
77.8 _]. 9. 5

. . . 70

0. 00 0.05 0.10 0. 15 0. 20 0.25 0.30

APV



http://www.3lian.com/gif/DetailView.htm?Detail=sucai/img4/261/019.gif
http://www.3lian.com/gif/DetailView.htm?Detail=sucai/img4/261/019.gif
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emsr 2.4 The heterogenous flooding technology

€ After polymer flooding by “well network adjusted heterogeneous

flooding” to improve oil recovery

feature strategy

method

The remaining oil
Become more

Changes in
flow lines

dispersed

Well pattern
adjustment

But widespread
distribution

Heterogeneity
IS more prominent

-

And the remaining oil
Is local enrichment

Strong
washing

heterogenous
flooding

Substantial
increase
recovery

after
polymer
flooding




\9&?’“&& 2.4 The heterogenous flooding technology

Carry out pilot test of hetergenous flooding by well pattern adjustment

after polymer flooding in class I reservoir.

Further enhanced oil recovery after exploring polymer flooding

well location map in pilot site

L 13-334@< ‘ ‘
! 11%3013Q)
4194200 1},:,513. . -
! 12%361Q@) __ O0il area: 0.54 km?
11x3312008 -
/ 11x3012D) Bxsi@ .
4194100~ / T Geologic reserve: 221 X10%
/ 12X33190) 0
10><3311b 12x30120® , Reservoir temperature: 70°C
4194000 / 1131 it ..
'® 13x3312{0) Water salinity: 7373mg/L
; 11x3311(%y Divalent ion content: 92mg/L
41030H3<33100) NL@ / =
H / Injection well: 15
10X301Co 13X331,n
; ' Production well: 10
4193?391036 11X33140) B
11301 The composite water cut before water
9x3009D), / . .
4193700 RN 12x33140% - Injectl on:98. 3%
@ Old oilwellusng, '
@ Old water-well “~.__ Degree of reserve recovery: 52.3%
O New oilwell 11X3009¢2)
4193600 ~o = .
2} New water-well o The forecast enhanced recovery is 8.5%
2065%700 2065%800 2065%900 7000 020655100 20655200

20657000




\9&"“&& 2.4 The heterogenous flooding technology
€ The effect of pilot test

® Significant effect in mine application-The filtrational resistance is
significantly increased.

The comparison of resistance coefficien

Hall curve in XX well with different chemical flooding
_ Resistance
70000 Block
y = 902.23x - 71409 F Al
?Jé 65000 | ¥ - 0.9071 coefficient
FH 60000
vax y = 329.79x + 8036. 6 i
55000 R = 09992 Polymer flooding 1.43
50000 r
45000 r RF—2 7
10000 1 —<- Binary flooding 1.79
35000 r
30000 : : : : : : :
90 100 110 120 130 140 150 160 heterogenous flooding 2.20

RE T




\95‘?&'& 2.4 The heterogenous flooding technology

@Significant effect in mine application-the significant effect of decreasing

water and increasing oil in oil well
The dimensionless daily oil comparison with

The production data in central test area different chemical flooding
q 90 8 5] 100 18
i 80 ‘ ¢ & 6 Heterogenous flooding
W70 b 95 K I in central well of Ng3
(td) (%) 14 _s_ Thebinary system floodingin
60 vt central well of Gudona
50 | 190 X — Thepolymer flooding in central
B 10 t wellof Ng3
0 85 \‘Eh 8t
30 | | L
20 1 {80 |
10 !
0 ! ; 75 !
2010.1 2010.7 2011.1 2011.7 2012.1 2012.7 2013.1 0
Hj‘[‘]<$ H) 0.2 0.4 0.6 0.8 1 1.2
M H .

HEAE (PV)
®10 central well has increased oil 38,600tons, and has been enhanced
recovery by3.14%

®The daily oil production of central well by the 4.5t/d increased to 78.5t/d

®The composite water cut from the 97.5% drop to 80.6%, a decrease of
16.9%



\yﬁ*’ﬁﬁ 2.4 The heterogenous flooding technology

€ Form the reservoir after polymer flooding and improve the

recovery supporting technology

Hetergenous flooding by well pattern adjustment after
polymer flooding reservoir

A
- ™

Compound Reservoir Numerical producing Produced | Comprehensive
design engineering Simulation and | characteristi liquid Evaluation of the
Optimization c evaluation | Proscessing effect
=1 >k L i =0 nl «» o) m| — o mfl 5 1 m
== | & ol 2 2 ol S - x I =1l ~s|fl =21 & ® o
S 28 ol © n - o g >3 ;1 d | ot Sl e g ?
=0 = ~
N = % . ® ) 3 2 i o c_';, ::-S—Df- g- et = o
=l .3 < | &f < ® | o | 3 o+ | - - S al ok 2
o0 D o + () o o o (o) prs o
33 — =5 - =~ (0] e o) ot 3 ma o —
c | = 5 | 3 =] <] ° — | - g ol 2
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\9&‘?&‘&3.The steam flooding technology

The heavy oil classification standard in Shengli Oilfield

surface
Type viscosity Suitable methods
mPa. s
| ordinary heavy oill  100~3000 conversion developm.ent
ways after waterflooding
Il ordinary heavy oil 3000~10000 thermal recovery by steam
injection
extra heavy oil 10000~50000 Fh_erm_al recovery by steam
Injection
super heavy oil 350000 improved thermal recovery

technaloav




mﬁl The stream flooding technique of conventional heavy oil

1. The mine application shows that the enhanced recovery of steam flood is about 20%

higher than huff flooding. The production comparison of steam

improve steam ratio oo huff and steam flood

-_O‘ g 6000

Key 8_ 2 5000 | — kbR

: decrease borehole heatloss : § = B
technique S o }
. % g 3000 P
Effectively reduce the = o b

formation pressure %

1000

0
1997-01 1998-01 1999-01 2000-01 2001-01 2002-01 2003-01 2004-01

I 1]

The effect comparison of steam flooding after cyclic steam stimulation

well | corves oil steam | steam flood | Increase
type block spacing 4 viscosity |Stimulation | recqyery rate
m 107 mPa. s recovery % %
Le'an Qilfield 141 X200 151 20000 32.3 51.7 19.4
Region 9 of Gudong Qilfield| 180~220 375 4000 15. 6 36.5 20.9
domestic inqi
Qingian 10 of Gucheng | 26 444 | ¢7 54000 24.5 52.0 27.5
oilfield in Henan
Qi40 block of Liaohe 70X 70 86 4800 24. 8 48. 6 23. 8
American Kern River oil field 4000 62.0
abroad i oilfi i
Duri oilfield of Indonesia 330 550
average 51.0 22. 9




\9&’;}}};31 The stream flooding technique of conventional heavy oil

2. Forming a series of steam flooding technology

» The remaining oil description technique

» The numerical simulation techniques of

® The steam flooding reservoir screening technique
thermal recovery

® The steam flooding reservoir engineering techniqug > The scheme optimization and preparatic

technique
® The steam flooding economic evaluation techniqug . . dynamic tracking evaluation

® The steam flooding supporting technology techniques

» The injection parameter adjustment
technique



Eﬁpﬁl The stream flooding technique of conventional heavy oil

3.Application results

(1) active edge and bottom water glutenite extra-viscous oil reservoir

®The pilot test of stream flooding

_ _ The stream flooding effect Statistics table
well location map of stream flooding

well begin-|huff and puff| stream total
20-8-18  20-8-17 -8- 20-8-15 20.8-14 20-8-13  20-8-12 ' '
20-8-16 ) _— well group| spacing n_mg recovery | flooding | recovery Hotes
o time percent | recovery | percent
95. 81K 97. 5¥eIK a. mon % percent %
20-9-17 test | 200X141 [93.8 19.3 35. 04 54. 34 2002, 22K
well
group 200X283 |93.1 13.4 28.09 41. 49 2002. 4/2IK
-12
Expanding| 200x 283 |94.5 16. 76 11.74 28.5 00. 3f=ILK
test well
16 204015 204014 " group 200X283 | 94.5 19. 85 19.02 38. 87 02. 5K
9@%15@[ the well of| 200X283 | 95.8 8. 89 7.21 16.1 99. 22K
7 X
transfer to | 200x 283 | 97.5 9.177 2.5 12. 27 01. 9f&IX
) 12 stream
201 flooding | 200X283 | 97.5 | 20. 36 5.95 26. 31 99. 1245 1K

Active edge and bottom thickness: ~ 1he area of well group is 1.0km? reserve is 219X 10%, there

12~20m are 1 small well group and 6 big well group, the stream

Viscosity:20000~30000mPa.s. flooding, the stream flooding enhance recovery of 16.6%;
And the degree of recovery of small well group reached
54.34%



3.Application results

E.ﬁg@ 1 The stream flooding technique of conventional heavy oil

(1) active edge and bottom water glutenite extra-viscous oil reservoir

®the stream flooding evaluation of area I and II

It has active edge and bottom
water and the thickness is 10-
15m, Viscosity is 20000~
40000mPa.s

Reserves:151 X 104
Area | Well spacing:141X200m
Well group: 9

Reserves:312 X 104
Areall Well spacing:200 X 283m
Well group:104™

ooooooo

ooooo

......




\ymgsl The stream flooding technique of conventional heavy oil

(1) active edge and bottom water glutenite extra-viscous oil reservoir

®the stream flooding evaluation of area I and II

.. .Evaluation the area I : the development curves

E

R 1.0 o

54 “

tt
0.0 *
1200 =

B 4
8 800 w
7K

400 =
S'Z
vd o o

1600 =

12 4
g 00 M/\/A—’\/\/\_’\/\/
7= 800 =
M 400 -
t/d o

350 o =0t 7S IK
B 250 +
7= —_—
S 150 =
t/d

50 = —

100 =~

&

90 -+
= 80 = -J/\’—/—-—/h\.// VW
7K J
% 70

60 =

95.1 3 5 7 9 11 961 3 5 7 9 11 971 3 5 7 9 11 98.1 3 5 7 9 11 99.1 3

Inarea I The steam injection is 123.6 X 104t, oil increment is 20.8 X104t, cumulative
oil steam ratio is 0.17t/t, the recovery of huff and puff and stream flooding is 51.7%,the
enhanced recovery is 19.4% ., In area II, the enhanced recovery is 3.2%, cumulative
oil steam ratio is 0.16t/to



mﬁl The stream flooding technique of conventional heavy oil

3.Application results

(2)The thin edge water common heavy oil sandstone reservoir.

the stream flooding well group location of

west block in XX site The histogram of heavy oil-producing over the years

Stable 8 years

huff and puff +stream flooding
g0 82 81 g &I R0

Huff and puff phase

Cold Flow stage
14

4.1

1044 ¢

Area:2km? , reserves:375X10% 1990 1991 19926 1903 1904% (905 1996% 1907H 1908 19004 20008 2001 20028 2003% 200ME 20058 2006%
reservoir depth :1320~1400m
crude viscosity :2000~5000mPa.s
Thickness:11~18m

permeability :2000 X 10-3um? oil/stream is 0.77t/t. The recovery of huff and puff and stream flooding
Oil/water volume ratio:<1.5

the 5 well groups are intermittent stream flooding ,the cumulative

is 36.5%, the stream flooding improved 20.9% .



emae 3.2 The heavy oil chemical stream flooding technique

® the technique of heavy oil chemical stream flooding to improve

recovery
Narrow high steam ™, | Expansion of
steam zone quality the steam
- | : + chamber
eep — = = — ol = .
: : oil displacement : Substantial
heavy oil wide hot — agent sl IMProve oil increase
stream water with high temperature displacement Recovery
. bank efficiency :
flooding - ratio
Strong mfp-( NIgh teMperature sl Expand the
heterogen- foam swept volume
eity

After years of research and deepen scientific research, it has

made a breakthrough.



\9&‘-”.’.’&*; 3.2 The heavy oil chemical stream flooding technique

the pilot test of heavy oil chemical stream flooding

2009.10 | Improve well network. huff

e and putt decompression
. Well groups with Well groups with
‘ small spacing big spacing
well groups turned to 4 well groups turned
stream flooding to stream flooding

L L

Two wells in the first round xx well in the first round

lgediociemicaleliiean turned to chemical stream
flooding

N
........................................................................................... flooding

: Well spacing:141X200m /100X 141m :
: xx well group turn in the

Reservers:184 X 10% first round xxx well in the first round
: : l turned to chemical stream

flooding

formation of interest :Ng52

xxx well group turn in the

effective thickness :10.2m second round

The recovery has been improved lr

i byl8. 1%; xx well group turn in the

. _ _ second round

Which: big well group improved by 6. 2%t : l'

: ; xxx well group turn in
the first round




emae 3.2 The heavy oil chemical stream flooding technique

€ The overall effect of the test area was significantly

The production curve of well groups with small spacing The production curve of well groups with big spacing

658
600 = 516 562 547 545 i 608 63 900 = 78 866
| /] i 737 | so 67 734
El 300 — 221 I28 ‘ ’, I ‘El 600 = 52 5
j Turn to # |
t/d : chemicalstream t/] 00 . 108 106 |
0= I 98d |, °. | 994 gs5
100 = I 81 . |00d|n ] 100 61 .
‘ v OT3 s i 54.9 :
0o V4. | e[ ~ A Turn to stream
i e Turn to : il flooding
td stream t/d .- I
| 90.6 89 k
88.8 886 g7g 891 g75 20— sgle ©9 77 888 89
90 = ) 3 - 87%.2
g g J 83.3 86. 86.5 6.4
2 eo - ' ' K 85
% I % I
70 = 80 = I
I L] I L) I L) I L) I L) I L) I L) I I ' I ' I ' I ' I ' I ' I ' I
2010-09 201101  2011-05  2011-10 201202  2012-06 201210  2013-03 2010-09  2011-01 201105 2011410 201202 2012-06 2012410  2013-03
production is from 20.2t/d increased to 104t/d, The production is from 68t/d increased to113t/d,
and currently is 70t/d. and currently is 80t/d.
Cumulative oil production: 65,500 tons Cumulative oil production: 66,000tons
cumulative incremental oil :58,5000tons (the cumulative incremental oil : 38,000tons ( the
degree of recovery is improved of 9.3% ) degree of recovery is improved of 3.1%)
Oil/stream ration: 0.17t/t Oil/stream ration: 0.16t/t




@mg 4. The Microbial Enhanced Oil Recovery technology

Microbial Enhanced 0il Recovery

Refers to the use of a variety of microorganisms
(mainly bacteria) and its metabolites to increase

oil production and recovery.

Single-well Microbial Soak
Existing Microbial Waxing Control
processes Microbial oil displacement

Microbial plugging



@mg 4. The Microbial Enhanced Oil Recovery technology

The mechanism of microbial enhanced oil recovery

bacterial cell —> metabolic product

metabolism biomembrane extracellular polysaccharides , surface active substance, organic solvent, bioga
| | | | |
Degradation of crude oil plugging and profile control of high Improved crude liquidity

permeability zones



vl = A4 s 0DIC 0 od O OVe C 00
allge Ol dp U all(
Adaptatic 2Servae ONC
: : endogenousmicrobial
exogenous microbial :
: enhanced oil recovery
enhanced oil recovery
o Range of Optimum Range of Optimum
guideline SO S
application range application range
reservoir
T <80 <65 <100 <75
wetsr selingey <100, 000 | <50, 000 | <150, 000 | <50, 000
(mg/L)
reservoir
osrmeability (1090512, >100 > 210]0) >100 >200
Crude oil surface viscosity
<3000 > K0[0[0) <5000 <1000
(mPa.s)

Remarks

The well network is basically completeness, the
correspondence between the oil and water. wells is clear,
and the block has stable production.




@m& 4. The Microbial Enhanced Oil Recovery technology

Range of application

The positioning of the microbial enhanced oil recovery technology

permeability > 100 X 10-3um?
temperature <75C

salinity< 5/3mg/L

Mid high permeability integrity reservoir reservoir after
fault block reservoir after water flooding chemical flooding




mg: 4. The Microbial Enhanced Oil Recovery technology

®Mine implementation effect

The development curve
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@ﬁ*&‘g 4. The Microbial Enhanced Oil Recovery technology

Wp

®@Improve development effectiveness

Y=0.02114X+0.6249

ER=38.67%
R=0.9995 -
.//l

.#’Pf#
e
-
l.-‘.

FEE—: 1g(Wp)=A+B+Np

AEmE RN KK ERE

Actual production forecast recovery: 38.67%

Elastic recovery :18.5%

¢(1_S » ):|+0.1611 [ . ] . [ P j+o.1741
E.=0.2126| ———~ x| —— |x . x| —=
|: Bob Hoy (S WI) Pa

Water flooding recovery:28.5%

E . =0.09129+0.08892Ig(k / x0) +0.18966¢ + 0.002814 f

€ Through microbial enhanced oil recovery, the ultimately
forecast improved water flooding recovery is 10.17%,
recoverable reserves are increased 29.6x10%.






