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The proportion of ultra low permeability (K<10X 103 1 m?) proved reserves in low
permeability reserves new proved became larger and larger Since 2001, ultra low permeability
reserve become main type of new proved reserves inch by inch in Shengli Oilfeild.

The proportion of ultra low permeability proved reserves in new low permeability
proved reserves in Shengli Oilfield
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Difficulties in developing ultra low permeability reservior.

(1) Low recovery, fast decrease caused by massive (2) It’ s difficult to supplement energy by

hydraulic fracture resilience development. flooding.
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wherefore,research the methods of supplement energy for ultra low permeability reservior

and enhancing recovery of low permeability reservior has import sense.
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Curve of differential displacement pressure
Mechanism researching and with total injection volume

external field practice demonstrate 0.20 ——

that CO, flooding can enhance 0.15 | r\,v,\/j\i,\/\/\

recovery of low permeability

reservior bx a wide margin.
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Rule: first, make selecting criterion; then evaluate concrete block;

finally, fix type block.

External exampleI—
Domestic exampl Selecting crlte.rlon
of CO, flooding

Actual situation o
Shengli Oilfield

Flow diagram of block screening
China,Australia,Geological,Storage,of CO2>

I =t A I S

e

Low permeability
blocks

|5
>

S

@_\

=

cags




Second: Block Screening

SHENGLI GEOLOGY

REMUIDES

1. Selecting criterion

Analysing CO, flooding succesful examples home and abroad, refer to actual
situation of Shengli Oilfield, make selecting criterion of CO, miscible displacement

in low permeability reservior.

Selecting parameters Selecting criterion
Crude oil’s viscosity in place, mPa.s <12
Crude oil’s density in place, 103kg/m3 <0.8762
Remainder oil saturation, % >25
Reserves abundance, 10*t/km’ >3.4
Porosityxsaturation >(0.04
Reservoir depth, m >1000
Reservoir pressure, MPa >MMP ﬂﬂ
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2. Resources potential evaluation of CO, flooding in Shengli Oilfield

There are 47 blocks fit to CO, miscible displacement, 95.56Mt geologic reserve. according to

enhancing recovery 15-20%, expect it can increase 14.33-19.11Mt recoverable reserves.
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2. Resources potential evaluation of CO, flooding in Shengli Oilfield

There are 62 blocks fit to CO, miscible displacement closely, 190.45Mt geologic reserve.

according to enhancing recovery 15-20%, expect it can increase 19.05-28.57Mt recoverable

reserves.
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Second: Block Screening

Block Screening

Rules of block screening:

(1) Close to gas source;

(2) Present representativeness;

(3) Possess miscible phase condition.

Basic parameters of low permeability reservior in Shengli Oilfeild
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Select G89-1 as CO, flooding experimental block.
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Experimental of EOR of CO, flooding

1. Research the characteristics of the phase of initial oil and CO,;

2. Research the MMP of CO, and initial oil;

3. Research the displacement experiment of long core model.




% Experimental of EOR of CO, flooding

BEERIIMES

SHENGLI GEOLOGY

1. Reseach the PVT of initial oil and CO,

The relation of initial oil’s saturation pressure and CO,’s influx

132

WAEH UPa

COBME n’/t

Along with the increasing of CO,’s influx, initial oil’s saturation

pressure rises inch by inch, it shows that initial oil has a big dissolving

capacity to CO,.
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1. Reseach the PVT of initial oil and CO,

The relation of initial oil’ s coefficient of cubic expansion
and CO,’ s solubility
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Along with the increasing of CO, dissolved, coefficient of cubic
expansion increase, it shows that CO, has a greater capacity to make
initial oil expand.




Experimental of EOR of CO, flooding

1. Reseach the PVT of initial oil and CO,

The relation of initial oil’ s viscosity and CO,’ s solubility

viscosity mP. s

0.5 0.585 (29%)

0 20 40 60 80 100 121)32 140
Solubility m®/t

Along with the increasing of CO, dissolved, initial oil’s viscosity decline,
it shows that CO, has a better visbreaking effect to make initial oil.
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Experimental of EOR of CO, flooding

2\ Long macaroni pipe model studies

Rpves LIS Permeabilit Porosity | Temperature Dis ety
Model length diameter y ) y po velocity
m mm 4! o £ m/h
parameters
16 6485 <10.0 82325 126 0. 873
The relation of displacement efficiency
and total injection volume at dlfferent pressure 120 MMP’s definition
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100 — ——-———————= =
80
Il 28.94, 95.4%

S :J

——23.9WPa | | =t " y = 5.3286x - 58.343 |

—=—26. 0WPa |- = :

—+—27.9MPa | |

20 ——30. OMPa || 0 '

,%,3,,1,,,9,541?@;: 0
0 1 1 1 1 1
0.0 02 0.4 06 08 L0 1.2 1.4 20 25 30 35
WS PV BEES WPa




BEERIIMES

SHENGLI GEOLOGY

% :?,”' 22 Experimental of EOR of CO, flooding

RN Displacement experiment of long core model
Water displacing oil Finish it when cut reach
98% with water flooding.

CO, flooding after water After cut reach 98% with
flooding water flooding, continuously
inject CO, untill no oil out.

Experiment |

design 4

Continuously inject CO, at the

beginning, turn to water flooding
C02 dlSplaClllg Oll Wlth when no oil out.

different inject means

Alternately inject CO, and water at
the beginning, turn to water flooding

when no oil out.
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3.+ Displacement experiment of long core model
Pressure difference, MPa

0 2 4 6 8 10

7.31

water flooding

after WAG 81. 56

Water flooding
after CO2 flooding 79. 58

C02 flooding after
water flooding

85. 64

water flooding B Pressure

difference
llRecovery %
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Program design circuit of CO, flooding

1
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Establish Reseach of Des1gn of ‘ ‘ Establlsh Optimization || Forecast

geologic layer series of pattern reservoir of program
model development well model injection/ target
spacing production
parameters
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Circuit of establish G89-1 geologic model for CO, flooding
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It require to adopt fine grid to i 144
wEl EEEEE e
. I T
accurately describing gas
overlapping and cusping.
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1 ‘Establish triaxial geologic model fit for gas drive
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The rule of establish fine geologic model: To intended zone, main layer regard

single sand body as unit; no-main layer regard sublayer as unit.
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Fine triaxial geologic model of G89-1

¥ E: 10X10m
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G89’s reserves cartogram

fz? 5. Reseach of layer series of development
BERIIMES
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1. G89’s main layers(S,1.2) are projecting, seize 93% of this ) é =
block’s reserves. 5 e T
! > ] % é EREV
2. No-main layers’s area is little, their reserves is small, 4, L
— FRERV
they don’t possess the material base to subdivide layer system. e é
3. this block’s layers have more folding in vertity, hydrocarbon EK m =
bearing interval is short, main layers needn’t subdivide. 7_
Then, we adopt one layer system to develop it.




Definition rational spacing between wells certain of CO, flooding of G89-1

Synectics Reservoir engineering method | o .. racins
- - of G89-1
Well .. i "ljec.hnthue ul(tllmate Economic limit
e. .spacmg f)r gas drive in low injec f)r producer o m
permeability reservior home and abroad m distance /
7 distance m
200-600 240 250-350 270-750

G89-1’s well spacing for inject gas should be
controlled from 270m to 350m.
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Well location of G89-1 for CO, floodin
Principle of well network 2 5

design

1. Using existing well network of

G89-1 block;

2. Possessing center response wells;

3. Experomental area mainly adopt

five-spot network, well alignment - 5ot

» %ﬁ%ﬁ& SH
» FrERIRH

along with the fracture extension.

All wells of experomental area: 24 wells (There are 14 oil wells,10 gas injection wells in it.) |,

There are 14 wells in Center experomental borefild: 4 oil wells, 10 gas injection wells,




aacect 4. Establish reservoir model
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Mechanism of CO,
miscible displacement

Compositional Make crude oil swelled

model

Improve oil’s fluidity

E quation of State Type

> ;PR : 2-Parameter Peng-Robinzon
> SRE : 2-Parameter Soave-Redlich-FKwong

~ RE: Redlich-Kweng . .
 Z): Zudkevitchioffe Create depletion drive

<“ PR3 : 3-Parameter Peng-Robinson
:)‘ SREZ: 3-Parameter Soave-Bedlich-Kwong
S Schmidtwenzel

ﬂ Caorrection term for PR, PR3 & 5w EOS
Wizgcoszity Correlation Type

* Lohrenz-Brag-Clark. q Phase

> Pederzen
> Aazberg-Petersen

J Reset EOS Parameters ta default
software
Ok I Cancel I Help

Extraction

Decrease boundary

package -
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1. Establish phase model of fluid

l Fifth step: Examine state equation—show displacement mechanism of CO,

Field pattern of viscosity in macaroni
Make crude oil swelled pipe experiment

> WEHM

Improve oil’s fluidity
Displacement Create depletion drive )
meChé"(‘)‘sm i Field pattern of oil saturation
? in macaroni pipe experiment
Extraction

Decrease boundary




Optimization design table of CO,
flooding of G89-1

Optimize

Program Parameters

parameters
1 26MPa
2 28MPa
3 30MPa

Pressure

mainte nance 4 32MPa
5 34MPa
6 36MPa
7 38MPa
1 1.50%
2 2.00%

P i ti

roduction rate 3 2.50%
4 3.00%
5 3.50%

Influx

0~0.6PV




pETIMNES A ntimization of injection/ production parameters
1. Optimize keeping pressure

The alternation of recovery with formation pressure

35 28. 94MPa

g 31 I
M |
= 29 '
\:% / I
I

27 I

I

25 =

Below the miscibility pressure(28.94MPa),along with the increacing of
pressure,the recovery increases quickly. Over the miscibility pressure, the
recovery increase slowly. Wherefore, pressure should be kept at 30MPa.
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2\ Optimization of production rate

Comparison diagram between production
rate and recovery

KHBEE (%
s

\)
co

1.5 2 2.5 3 3.5
KMEE (%)
China,Australia,Geological,Storage,of CO2>
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3. Optimization of CO,’s influx

Relation curve between recovery and PV Relation curve between daily oil-draining
ratio and PV

3 e — 1:2
A30 / 1 \

0.00 010 020 030 040 0.5  0.60  0.70 000 0.10 020 030 040 0.5  0.60  0.70
PV PV3L

Along with the increasing of injecting PV, the recovery increases, daily oil-draining

ratio decline, accounting economic benefit, the optimal influx is 0.33PV.

China,Australia,Geological,Storage,of CO2>
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% . Forecast recommended program target
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Recommended program Well location of G89-1 for CO, flooding

(1) One layer series of development
(2) Five-spot network, well ®cis it
spacing: 230-350m

(3) Reservoir pressure

maintenance: 30MPa

® FimH
® FHESH

® TS H
o I FmH

(4) production rate:2.5%

(5) CO2’s influx:0.33PV
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Correlation curve between CO, flooding and elasticity development

% 33.0

26.1
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The degree of reserve recovery of CO, flooding is 26.1% after 15 years, advancing 17.2% than
elasticity development. the degree of reserve recovery of center response area is 33.0%, cumulative
oil production is 16.7 X 10*t, per well production is 4.2 X 10%t.
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In accordance with "first single-well test injection, and then the overall

promotion ", "three steps' to implement.
DOE89— 43k iF
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1. The bas1c situation of injection well

Gao 89-4 wells around the six production

wells , the section of injection-production well

shows that: the main layer of good connectivity

Section of injection-production well

89-1 g9-12 #i89-5 894 8917 10-11

W\_WT‘(LH%\ LuJ_H_u\HJ_{LLH J_LuJHJ‘:

e

\\\\\\\\\\\\\\\\\

.%ﬁ%ﬁ&‘\#
» FERRH
= 89-4 - F A4
N =04 S,103, §,2 (. 2. 4

He PE R B 2935.0-2981.6m
R EE 11.6m/6 2
K R = 355.6m?3
2 FSYI IR 56m3
1% BRE S 66.69MPa
= 16.38MPa
B R 144720




Fifth : Implementation Effect
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2+ Dynamical Laws of Injection

The formation have a stronger suction capacity: January 2, 2008 began injecting CO.,,
stable injection pressure 4MPa, injection rate CO, 40t/d. According to G89-4 wells, the
Injectivity Index is 1.57t/ (d - MPa - m)

Gas injection curve of G89-4
12,5 -

10.0 -]
75 |
i EMPas o _

PressureY:Completion: =89-4

DailyGaslnject: Completion: =89-4
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2+ Dynamical Laws of Injection

In the depth of 1150m (12.09MPa, 31.3 "C), CO, is a supercritical state.

#E (kg/m’)
pP/MPa35s 4 12,00 11;2)0 10'00 1900
| ' )1 BOORI AL A
30 ! | ¢ 3 ;700 0

1000 —

1150

918 898 857 837 786 724 653 612 561 541

25

20[ [

I SR

15

10
=7 38MPg-———

5

7731.06°C
1 1 1 1

0.518MPa [[B__#=Z¢ - .

-60 -40 -20 O 20 40 60 80 100
ca

C
Phase diagram of v

carbon dioxide N
gs China,Australia,Geological,Storage,of CO2> /|
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2+ Dynamical Laws of Injection

Supercritical fluid has a similar low viscosity of gas, liquid high-

density, while both low surface tension properties.

CO2 viscosity decreases with pressure, CO,Density with pressure, temperature
temperature variation curve variation curve
0.14 1200

0. 12 —— (=30
) —B— t=60/F 1000
0.08 t=120/%F 60;
) —K— t=150/F 600 <
—A—90J%
0.06 r e -
M € 100 120/
0.04 —%— 150 %
¥
x—X 200 |
0.02 r

0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
J& /7 MPa) & 77 (MPa)

(kg/m3)

F5Z (mPa. s)
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Fifth

3. Effect of gas injection

€ Obvious

60 -
H #tidys 3
30 -
15 -
75

A wvd® 7
30

effect of increasing oil gas injection

DailyLigSP:\

WELLTYPE: &=

DailyOILSP:

OILORNOT: OIL

60 -

B

WellNum:W

ELLTYPE: =4

—

Iy

—n

DailyGasInjtact:injectornot: inject

i

Implementation Effect

1
=
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3. Effect of gas injection

@ Obvious effect of increasing oil gas injection
Oil-producing wells curve of G89-4 well group

70

) aAR gg CoM

60 o

o0

40

Hil, t/d

30

20 -

10
200701 200707 200801 200807 200901 200907 201001 201007 201101

[ Cumulative increase of oil 11700 tons of well group according exponential decline ’
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3. Effect of gas injection

€ Gradual restoration of energy
Producing wells average fluid level curve in the G89-4 Well Group
0

500
X i
@ 1000 2008.1
= E89-47F A,
X 1500 5
) m
2000
2500
200706 200709 200712 200803 200806 200809 200812 200903 200906

3/ G 7D

i After gas injection, the fluid level around the producing wells prior to 1870m from | |
 the gas injection rose to 1520m. Further indicates that: The CO, injection can |
| effectively complement the low permeability reservoir formation energy. i
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Fifth

3. Effect of gas injection

Implementation Effect

@ Part of the nature of crude oil changed for the better after the gas injection

Crude nature of the statistical tables in Unit 89-4

Dynamic Freezing Dynamic Freezing Dynamic Freezing
viscositym Point viscositym Point viscositym Point
Pa.s °C Pa.s °C Pa.s °C
16.85 36 17.4 36 18.18 34
12.74 32 16.94 33
14.73 31 13.41 30 8.8 29
9.94 28 10.73 30 8.37 27

China,Australia,Geological,Storage,of CO2>
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