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Abstract - For successful operation of waterflooding which is one of secondary recovery methods, suitable
water injection alocation is important to increase ail recovery. Well dlocation factor(WAF) which is one
way to quantify the injector and producer connectivity, is utilized to dlocae weater injection of
waterflooding. Static WAF cannot represent the fidld condition and can induce incorrect value. To
compensate for limitation of static WAF, modified WAF which includes severd parameters thet affect
petterns including well radius, distance between wdls, and injection rates is proposed. In this study, stetic
and modified WAFs were goplied to injection optimization of waterflooding and results by each WAF
were compared. In case of modified WAFs, produced water were less and produced oil were more than
cae of gatic WAF especidly in big change of distance between producer and injector. Therefore, modified
WAFs can dlocate water injection more efficiently than static WAF.

Key wards : Qil production, waterflooding, well allocation factor(WAF), injection allocation optimization
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Fig. 1. Results of static WAF calculation[4].
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Fig. 2. (&) equa injection in two adjacent blocks;
(b) injection in Block 1 is higher than injection in Block 2.

Table 1. Properties of reservoir used in simulation

Properties Value
Porosity 0.3
x-direction 400 md
Permesbility y-direction 400 md
z-direction 40 md
Reservoir temperature 37.718 C
Initia pressure 8,549 kPa
GOR 0
Simulation time 3 years
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Table 2. Input data of injector and producer
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Well type Parameter Value
BHP 200 kPa
Producer —
liquid flow rate 100 m3/day
Injector water flow rate 50 m3/day
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Fig. 3. Schematic of waterflooding blocks.
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Table 3. Percentage change from the base case

- Q%A

Percentage change from the base case

Model Parameter
Static Modified 1 Modified 2
Cum water injection -22.0% -40.0% -40.0%
[1] Cum water production -8.4% -28.0% -28.0%
Increased oil recovery 46.0% 47.0% 47.0%
Cum water injection -18.0% -31.8% -33.3%
[2] Cum water production -4.6% -18.8% -20.4%
Increased oil recovery 21.0% 54.0% 55.0%

([1] All the same distance between producer and injector; [2] All the different distance between producer and injector).
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Block 1 Block 2 Block 3 Block 1 Block 2 Block 3 Block 1 Block 2 Block 3
VRR=
0.91 136 0.91 0.91 136 0.91 0.91 138 0.91
Block 4 Block 6 Block 4 Block 6 Block 4 Block 6
1.36 1.36 1.36 1.36 1.36 1.36
Block 7 Block 8 Block 9 Block 7 Block 8 Block 9 Block 7 Block 8 Block 9
0.91 1.36 0.91 0.91 1.36 0.91 0.91 1.36 0.91
= Static WAF = < Modified 1 WAF = < Modified 2 WAF =
(8) Base case
Block 1 Block 2 Block 3 Block 1 Block 2 Block 3 Block 1 Block 2 Block 3
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0.95 0.95 0.95 0.91 1.00 0.89 0.91 1.00 0.89
Block 4 Block 5 Block 6 Block 4 Block 5 Block 6 Block 4 Block 5 Block 6
0.95 0.95 0.95 1.00 1.13 0.99 1.00 1.13 0.99
Block 7 Block 8 Block 9 Block 7 Block 8 Block 9 Block 7 Block 8 Block 9
0.95 0.95 0.95 0.89 0.99 0.86 0.89 0.99 0.86
= Static = < Modified 1 = =Modified 2 =
(b) After water injection optimization
Fig. 7. Cumulative VRR(AIl the same distance between producer and injector).
Block 1 Block 2 Block 3 Block 1 Block 2 Block 3 Block 1 Block 2 Block 3
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0.91 1.36 0.91 0.91 1.36 0.91 0.91 1.38 0.91
Block 4 Block 6 Block 4 Block 6 Block 4 Block 6
1.36 1.36 1.36 1.36 1.36 1.36
Block 7 Block 8 Block 9 Block 7 Block 8 Block 9 Block 7 Block 8 Block 9
0.91 1.36 0.91 0.91 1.36 0.91 0.91 1.36 0.91
= Static WAF = < Modified 1 WAF = = Modified 2 WAF =
(a) Base case
Block 1 Block 2 Block 3 Block 1 Block 2 Block 3 Block 1 Block 2 Block 3
WVRR=
0.95 0.95 0.95 0.89 1.00 0.90 0.89 1.02 0.90
Block 4 Block 5 Block 6 Block 4 Block 5 Block 6 Block 4 Block5 Block6
0.95 0.95 0.95 1.05 1.21 0.97 1.04 1.28 0.96
Block 7 Block 8 Block 9 Block 7 Block 8 Block 9 Block 7 Block 8 Block 9
0.95 0.95 0.95 0.88 1.00 0.87 0.88 0.97 0.88
= Static = < Modified 1 = =< Modified 2 =

Fig. 8. Cumulative VRR(AIl the different distance between producer and injector).

(b) After water injection optimization

Cum VRR

Cum VRR

Cum VRR
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Fig. 9. Cumulative production and injection and oil recovery(All the same distance).
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Fig. 10. Cumulative production and injection and oil recovery(All the different distance).
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Q;; = indde angle at the vertex of block
(pattern) i, where wdll j is located

B, = oil formation volume factor

B, = water formation volume factor

Cum VRR(; = cumulative voidage replacement
ratio of block(pattern) i

Q&ymini = cumulative injection of block
(pattern) i

Q& ot = cumulative oil production of block
(pattern) i

Qe WaterProd = cumulative water production of
block(pattern) i

QLY = injection of block(pattern) i

Q& = oil production of block(pattern) i

Q(yerfrod = water production of block(pattern) i

T; = distance between the production
well and the i th injection well

Topi = wellbore radius of the i th
injection well

VRR; = voidage replacement ratio of
block(pattern) i

WAF:"" = static well alocation factor for

well j in block(pattern) i
WAFS*4/*" = modified well alocation factor
for well j in block(pattern) i
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