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Figure 3. 45 – Sensitivity of Rate without Water Constrain: Water Saturation 

Profile in Layer-4 (JK-cross section, I=15) 

 

 

Figure 3. 46 – Sensitivity of Rate without Water Constrain: Water Saturation 

Profile in Layer-5 (JK-cross section, I=15) 
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For the cases with shut-in, water saturation in layer-2 of the fracture is also observed 

decreasing along with production. The water production is delayed because of shut-in period. 

For the case with shut-in 30 days, water saturation at t=50 days is smaller than t=100 days. 

Water from the matrix still feeds the fracture along with the production.  

For layer-3 of the fracture, water saturation for base case and shut-in cases are observed high 

for t=50 days and t=100 days. Layer-4 of the fracture shows the same trend water saturation 

as can be seen in layer-3 of the fracture. Water saturation is still high for all cases at t=50 

days and t=100 days. But for the base case at t=100 days, water saturation decreases faster 

compared to other cases. High water saturation for shut-in cases indicate delayed of the 

water production. 

For layer-5 of the fracture, all cases have high water saturation during production. At t=200 

days for shut-in cases, water presence is still observed in the grids near the well. If we 

compare it to the base case at t=200 days, delayed water production due to shut-in causes 

water saturation still can be seen. The water at this layer for t=200 days is expected to be 

immobile water. Because in the upper layer of the fracture, water saturation at t=200 days is 

zero. 

 

Figure 3. 49 – Sensitivity of Shut-In: Water Saturation Profile in Layer-1 (JK-cross 

section, I=15) 
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Figure 3. 50 – Sensitivity of Shut-In: Water Saturation Profile in Layer-2 (JK-cross 

section, I=15) 

 

 

Figure 3. 51 – Sensitivity of Shut-In: Water Saturation Profile in Layer-3 (JK-cross 

section, I=15) 
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Figure 3. 52 – Sensitivity of Shut-In: Water Saturation Profile in Layer-4 (JK-cross 

section, I=15) 

 

 

Figure 3. 53 – Sensitivity of Shut-In: Water Saturation Profile in Layer-5 (JK-cross 

section, I=15 
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Figure 3. 55 – Sensitivity of Shut-In: Water Production Profile 
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low water saturation in all fracture layers. However, water production is higher in this case as 

compared to an opposing result of lower water production in uppermost layer perforation 

case. In contrast, the location of perforation has an insignificant effect on gas production.  

Reservoir with heterogeneity between layers, especially with different permeability values, has 

a noteworthy influence to the water saturation profile in the fracture. Reservoir with high 

permeability in the uppermost layer gives higher water saturation in the fracture. It also 

allows for a slightly higher water production and slightly higher gas production compared to 

the reservoir with high permeability in the lowermost layer, despite that the differences in the 

production are not that significant. An important note on matrix permeability sensitivity, the 

total kh for the model is maintained at a constant. 

Different gas rates correspond to different water saturation in the fracture. This analysis 

conducted suggests that there may be a critical gas rate to feed the water from the matrix to 

the fracture. If there is water present in the fracture for the low gas rate, the water tends to 

be immobile or re-imbibes into the formation due to low gas rate. Therefore, higher gas rate 

results in higher water production.  

Shut-in period after water injection has an insignificant effect on water saturation profile in 

the fracture. It is observed, however that the water feed from the matrix to the fracture is 

slightly delayed. Water imbibes deeper into the formation when shut-in period applied. Initial 

gas rate for the shut-in cases is observed higher than the base case, the case without shut-in 

period. The production with shut-in period after water injection has slightly lower gas 

production total, but the difference is insignificant. Shut-in period after water injection 

definitely has a significant effect on the water production profile, as compared to immediate 

production upon water injection. The shut-in cases results in a lower water production rate 

initial, so that the total water production for the shut-in cases is lower than the base case.  

Water presence in the fracture is only observed during the first period of the production. It 

decreases along with the production. The difference is contributed by the time needed to 

clean-up the water from the fracture. Lower water recovery also indicates deeper water 

imbibition into the formation. 

It would be interesting to conduct further study on the water behavior around the fracture 

face. The current study suggests that water saturation in the matrix near the fracture face is 

high during the production. The matrix near the fracture face does not start cleaning-up until 

the capillary pressure barrier is overcome. It is with hopes that this study could lead on to a 

deeper analysis on how the water in the matrix near the fracture face affects the production 

and its manner of feeding water to the fracture.  
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800  0.0038822 0.01408 
850  0.0036403 0.01417 

900  0.0034257 0.01427 
950  0.0032339 0.01437 

1000  0.0030615 0.01447 

1500  0.0019818 0.01566 
2000  0.0014604 0.01712 

2500  0.0011639 0.01880 
3000  0.0009795 0.02061 

3500  0.0008574 0.02247 
4000  0.0007723 0.02432 

4500  0.0007104 0.02613 

5000  0.0006635 0.02787 
5500  0.0006269 0.02954 

6000  0.0005974 0.03115 
6500  0.0005732 0.03269 

7000  0.0005528 0.03416 

7500  0.0005355 0.03559 
8000  0.0005205 0.03696 

8500  0.0005074 0.03828 
9000  0.0004958 0.03956 

9500  0.0004854 0.04081 
10000  0.0004761 0.04201 

 

C ------------------------------------------------------------------- 
C Stress dependent trans. 

C -------------------------------------------------------------------  
INCLUDE 

 ..\stress.inc 

 
TMODTYPE CON 

 1 
 MOD 

 15 15 1 20 1 1 = 2 

 
DATE 01 01 2013 

 
C ------------------------------------------------------------------- 

C Initialize  
C ------------------------------------------------------------------- 

INITIAL 

 
C DEPTH GOR 

C 13538 9880 
 

INCLUDE 

..\well.inc 
 

C ------------------------------------------------------------------- 
C Define rate schedules. 

C ------------------------------------------------------------------- 
 

INCLUDE 

 schedule.inc  
 

END  
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Sensor Include Data File (Grid-RelPerm.inc) 

 
GRID 29 40 5 

PCMULT2 1. 0. 
RUN 

CPU 

IMPLICIT 
 

MAPSPRINT 1 P SO SW KX  
MAPSFILE P SW SO SG   

 
C        Bwi cw        denw visw cr pref  

MISC    1         3.0E-6 62.4 0.5 4.0E-6 6000 

 
C ------------------------------------------------------------------- 

C Including grid definition created by SensorGrid 
C ------------------------------------------------------------------- 

INCLUDE 

 ..\initial.inc 
 

C ------------------------------------------------------------------- 
C Relperm 

C ------------------------------------------------------------------- 
 

KRANALYTICAL 1    ! For matrix 

 0.2 0.2 0.0 0.2    ! Swc Sorw Sorg Sgc  
 1 1 1              ! krw(Sorw) krg(Swc) kro(Swc)  

 2.5 2.5 2.5 2.5     ! nw now ng nog   
 0 3480 5  PCWO   ! a1 a2 a3 

 0 3480 5 0 0  PCWOI     ! b1 b2 b3 b4 b5 

 -10 10 1. PCGO   ! c1 c2 c3 
  

 KRANALYTICAL 2   ! For fractures 
 0 0 0 0    ! Swc Sorw Sorg Sgc  

 1 1 1    ! krw(Sorw) krg(Swc) kro(Swc)  

 1 1 1 1    ! nw now ng nog   
C 0 3480 20  PCWO        ! a1 a2 a3 

C 0 3480 20 3480 2  PCWOI   ! b1 b2 b3 b4 b5 
 -10 10 1. PCGO     ! c1 c2 c3 
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Sensor Include Data File (Initial.inc) 

 
C --------------------------------- 

C I_CELLS          29 
C J_CELLS          40 

C K_CELLS          5 

C DEPTH            10000 
C SYM_ELEMENTS     2 

C FRAC_AREA        60000 
C --------------------------------- 

 
C ------------------------------------------------------------------- 

C Cell width along wellbore 

C ------------------------------------------------------------------- 
DELX XVAR 

115.705  62.1544  33.3881  17.9354  9.63454  5.17548 
2.78016  1.49345  0.80225  0.430952  0.231499  0.124356 

0.0668018 0.0358846  0.0833   0.0358846  0.0668018  0.124356 

0.231499  0.430952  0.80225  1.49345  2.78016  5.17548 
9.63454  17.9354  33.3881  62.1544  115.705  

 
C ---------------------------------------------------------------------------------------- 

C Cell width away from wellbore 
C ---------------------------------------------------------------------------------------- 

DELY YVAR 

100.827  66.9495  44.4547  29.518   19.6001  13.0145 
8.64168  5.7381   3.81012  2.52993  1.67988  1.11545 

0.74066  0.491801  0.326557  0.216835  0.143979  0.0956026 
0.0634804  0.0421512  0.0439198  0.0670764  0.102442  0.156455 

0.238945  0.364929  0.557337  0.851192  1.29998  1.9854 

3.03219  4.63091  7.07255  10.8015  16.4966  25.1944 
38.4782  58.7657  89.7499  137.07  

 
C ------------------------------------------------------------------- 

C Porosity 

C ------------------------------------------------------------------- 
POROS ZVAR  

0.1  0.1  0.1  0.1  0.1  
 

MOD  
15 15 1 20 1 5 = 0.030012  

 

 
C ------------------------------------------------------------------- 

C Rocktype (for relperm curves) 
C ------------------------------------------------------------------- 

ROCKTYPE CON  

 1  
 

MOD  
15 15 1 20 1 5 = 2  

 
C ------------------------------------------------------------------- 

C Permeability 

C ------------------------------------------------------------------- 
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KX ZVAR  
0.0002  0.0002 0.0002  0.0002  0.0002  

 
MOD  

15 15 1 20 1 5 = 12004.8  

 
KY EQUALS KX  

KZ EQUALS KX  
 

C ------------------------------------------------------------------- 
C Depth 

C ------------------------------------------------------------------- 

DEPTH CON  
10000 

 
C ------------------------------------------------------------------- 

C Thickness 

C ------------------------------------------------------------------- 
THICKNESS ZVAR  

40  40  40  40  40  
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 Sensor Include Data File (Stress.inc) 

     
 C Model: k/ko=10^(-m*(stress/ref pres))   

 C m = 1.15x10^-3 
  TMODTABLE 1   

  5000 0   

 C stress  TXMOD  TYMOD        TZMOD 
 

-3500  10592.5372517729  10592.5372517729  10592.5372517729 
-3383.33333333333 7777.38025764418  7777.38025764418  7777.38025764418 

-3266.66666666667 5710.40178894528  5710.40178894528  5710.40178894528 
-3150  4192.75996684607  4192.75996684607  4192.75996684607 

-3033.33333333333 3078.4587125933   3078.4587125933   3078.4587125933 

-2916.66666666667 2260.30302714192  2260.30302714192  2260.30302714192 
-2800  1659.58690743756  1659.58690743756  1659.58690743756 

-2683.33333333333 1218.5218841302  1218.5218841302   1218.5218841302 
-2566.66666666667 894.677811357748  894.677811357748  894.677811357748 

-2450  656.901116476265  656.901116476265  656.901116476265 

-2333.33333333333 482.317848223929  482.317848223929  482.317848223929 
-2216.66666666667 354.133218654328  354.133218654328  354.133218654328 

-2100 260.015956316526  260.015956316526  260.015956316526 
-1983.33333333333 190.912046591118  190.912046591118  190.912046591118 

-1866.66666666666 140.173741834676  140.173741834676  140.173741834676 
-1750  102.920052719442  102.920052719442  102.920052719442 

-1633.33333333333 75.5672004837097  75.5672004837097  75.5672004837097 

-1516.66666666666 55.4838599287508  55.4838599287508  55.4838599287508 
-1400  40.7380277804109  40.7380277804109  40.7380277804109 

-1283.33333333333 29.9111653293169  29.9111653293169  29.9111653293169 
-1166.66666666666 21.9617360020541  21.9617360020541  21.9617360020541 

-1050  16.1250102733772  16.1250102733772 16.1250102733772 

-933.333333333328 11.8394992222929  11.8394992222929  11.8394992222929 
-816.666666666662 8.69293969171006  8.69293969171006  8.69293969171006 

-699.999999999995 6.38263486190539  6.38263486190539  6.38263486190539 
-583.333333333328 4.68633502878888  4.68633502878888  4.68633502878888 

-466.666666666661 3.44085733826508  3.44085733826508  3.44085733826508 

-349.999999999994 2.52638771013185  2.52638771013185  2.52638771013185 
-233.333333333327 1.85495480760719  1.85495480760719  1.85495480760719 

-116.66666666666  1.36196725643723  1.36196725643723  1.36196725643723 
7.27595761418343e-12  1  1   1 

250.000000000007  1  1   1 
500.000000000007  1  1   1 

750.000000000007  1  1   1 

1000.00000000001  1  1   1 
1250.00000000001  1  1   1 

1500.00000000001  1  1   1 
1750.00000000001  1  1   1 

2000.00000000001  1  1   1 

2250.00000000001  1  1   1 
2500.00000000001  1  1   1 

2750.00000000001  1  1   1 
3000.00000000001  1  1   1 

3250.00000000001  1  1   1 
3500.00000000001  1  1   1 

3750.00000000001  1  1   1 

4000.00000000001  1  1   1 
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4250.00000000001  1  1   1 
4500.00000000001  1  1   1 

4750.00000000001  1  1   1 
5000.00000000001  1  1   1 

 

 
 C Model: k/ko=10^(-m*(stress/ref pres))   

 C m = 0.65x10^-3  
  TMODTABLE 2   

  5000 0   
 C stress   TXMOD  TYMOD  TZMOD 

      

-3500  10592.5372517729  188.36490894898   188.36490894898 
-3383.33333333333 7777.38025764418  158.185498208498  158.185498208498 

-3266.66666666667 5710.40178894528  132.841366171065  132.841366171065 
-3150  4192.75996684607  111.557815135086  111.557815135086 

-3033.33333333333 3078.4587125933  93.6842677580398  93.6842677580398 

-2916.66666666667 2260.30302714192  78.6743807659941  78.6743807659941 
-2800  1659.58690743756  66.0693448007596  66.0693448007596 

-2683.33333333333 1218.5218841302  55.4838599287514  55.4838599287514 
-2566.66666666667 894.677811357748  46.5943581229203  46.5943581229203 

-2450  656.901116476265  39.1291127126853  39.1291127126853 
-2333.33333333333 482.317848223929  32.8599324760065  32.8599324760065 

-2216.66666666667 354.133218654328  27.5951864857302  27.5951864857302 

-2100  260.015956316526  23.1739464996847  23.1739464996847 
-1983.33333333333 190.912046591118  19.4610678441313  19.4610678441313 

-1866.66666666666 140.173741834676  16.3430584272313  16.3430584272313 
-1750  102.920052719442  13.7246096100756  13.7246096100756 

-1633.33333333333 75.5672004837097  11.5256828939141  11.5256828939141 

-1516.66666666666 55.4838599287508  9.67906337194042  9.67906337194042 
-1400  40.7380277804109  8.12830516164095  8.12830516164095 

-1283.33333333333 29.9111653293169  6.82600601544709  6.82600601544709 
-1166.66666666666 21.9617360020541  5.73235836946768  5.73235836946768 

-1050  16.1250102733772  4.81393254000141  4.81393254000141 

-933.333333333328 11.8394992222929  4.04265487362341  4.04265487362341 
-816.666666666662 8.69293969171006  3.39494961581376  3.39494961581376 

-699.999999999995 6.38263486190539  2.85101826750389  2.85101826750389 
-583.333333333328 4.68633502878888  2.39423440152956  2.39423440152956 

-466.666666666661 3.44085733826508  2.01063544025847  2.01063544025847 
-349.999999999994 2.52638771013185  1.68849585948674  1.68849585948674 

-233.333333333327 1.85495480760719  1.41796877266689  1.41796877266689 

-116.66666666666  1.36196725643723  1.19078493972122  1.19078493972122 
7.27595761418343e-12 1  1  1 

250.000000000007  1  1  1 
500.000000000007  1  1  1 

750.000000000007  1  1  1 

1000.00000000001  1  1  1 
1250.00000000001  1  1  1 

1500.00000000001  1  1  1 
1750.00000000001  1  1  1 

2000.00000000001  1  1  1 
2250.00000000001  1  1  1 

2500.00000000001  1  1  1 

2750.00000000001  1  1  1 
3000.00000000001  1  1  1 

3250.00000000001  1  1  1 
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3500.00000000001  1  1   1 
3750.00000000001  1  1   1 

4000.00000000001  1  1   1 
4250.00000000001  1  1   1 

4500.00000000001  1  1   1 

4750.00000000001  1  1   1 
5000.00000000001  1  1   1 
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Sensor Include Data File (well.inc) 

C GOC 13538 
PINIT 5000 

ZINIT 10000 
 

ENDINIT 

C ------------------------------------------------------------------- 
C Include recurrent data generated by SensorGrid (perforations and TZ modifiers) 

C ------------------------------------------------------------------- 
INCLUDE 

..\recurrent.inc 
 

 

BHP 
 PROD 1500 

 INJ  8000 
 

SKIP 

THP 
 PROD 100 -2 

SKIPEND 
 

WELLTYPE 
 PROD MCF 

 INJ  STBWATINJ 

 
PSM 

 
  

MAPSFREQ 20 

MAPSFILEFREQ 20  
DTMAX 1 
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Sensor Include Data File (recurrent.inc) 

 
--------------------------------- 

C Trans. modification to fractures 
C --------------------------------- 

MODIFY TX 1.0  

 14 14 20 20 1 5 * 1  
 15 15 20 20 1 5 * 1  

 
  

C --------------------------------- 
C Define Wells 

C --------------------------------- 

WELL  
         I      J     K1    K2    PI  

 PROD  15    1     1     1     100 
 INJ      15    1     1     1     100 
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Sensor Include Data File (schedule.inc) 

C Injecting water slug 
RATE 

PROD -1 
 INJ  16000 

 

C Start of production 
TIME 0.125 

DT 0.01 
 

RATE 
 INJ -1 

 

WELLTYPE 
 PROD STBWAT  

BHP 
 PROD 1500 

RATE 

 PROD 100 
TIME 10.125 

  
WELLTYPE 

 PROD MCF  
RATE 

 PROD 500 

TIME 200.125 
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