CHAPTER VII

TWO- AND THREE-LAYERED RESERVOIRS

For a two-layered reservaoir, calculation of GIIP can be performed in two ways,
calculating GIIP for each layer separately (separated-layer method) and calculating
GIIP only for the whole system (both layers)(combined-layer methqd). In the
seéarated-layer method, GIIP of each layer will be calculated separately. The total
GIIP for the system will be the summation of the GIIP of the two layers. To obtain
GIIP for each layer, flow rate and p of each layer must be known,‘in addition to rock
and fluid properties and related conditions.

Using the combined-layer method, average rock and fluid properties and
related conditions based on rock and fluid proﬁerties and related conditions of each
layer must be estimated for using in the calculation of E for the combined system,
Then, p can be used to construct the p/z plot, and GIIP can be estimated.

Before discussing about the two metheds of estimating GIIP for a two-layered

reservoir, the allocation of flow rate for each layer will be discussed next.

7.1 Rate allocation

Due to the need for flow rate for each layer in the separated method of
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estimating GIIP, it is necessary to allocate rate to each layer, knowing the total rate, if
there is no production survey to measure flow rate of each layer.

In order to allocate flow rate to each layer, a reservoir simulation run was
performed to see if flow rate for each layer can be‘ allocated based on the kh value of
each layer.

Figure 7-1 shows the results of the run. It is surprising to see that flow rate for
each layer is not constaﬁ:t though the total flow rate is constant (over some period) and
does not follow the kh allocation concept that has been widely used. It was thought,
then, that detailed investigation on flow rate allocation for a two-layered system was
necessary.

However, before conducting such investigation, analysis of the flow rate curve
characteristics (Figure 7-1) and assumptions necessary for flow rate allocation should
be discussed.

The reservoir system for flow rate profiles in Figure 7-1 is a two-layered
s&stem with following riifferent properties: k; =100 md, k; =20 md, ¢, = 0.1, ¢, =0.3,
h; =30 ft, and hy = 15 fi, where subscript 1 refers to fayer 1 or the upper layer and
subscript 2 refers to layer 2 or the lower layer. These two layers are produced through
one well located at the center of each layer at a total rate of S MMscf/d. = Other
properties and conditions can be found in Chapter V. With these properties, the ratios
of kh of each layer to total kh are 0.909 for layer 1 and 0.091 for layer 2. Therefore,
based on kh allocation concept, flow rate for layer 1 (q;) should be 4.545 MMscf/d and

flow rate for layer 2 (qzj should be 0.455 MMscf/d.
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In Figure 7-1, it seems that only at the start of production that the raté of layer
1 is equal to 4.545 MMiscf/d and the rate of tayer 2 is equal to 0.455 MMscf/d. Later,
the rate of layer 1 decreases while the.rate of layer 2 increases. At some later point in-
time, the rate of layer1 slightly decreases again. Up to even some later point in time,
both rates will decrease and the total rate cannot be maintained at 5 MMscf/d. That is,
the reservoir pressure depletes to the point that the reservoir cannot maintain 5-
MMscf/d rate and it produces at lower rate,

Though flow rates of both layers are not constant, there is a period of time that
both rates are almost constant (about between 400 - 1000 days). T.wo constant-rate
lines which are approximately fitted to the data points in this period will be drawn and
treated as constant flow rates for the two layers. And in order to be able to use the
pseudo-steady state equation from early time, the rate of each layer will be assumed to
be constant since the start of production.

Looking at the two curves in Figure 7-1, one can see that the rates of both
layers vary from the beginnihg up to 400 days, after that both rates are almost
constant,

Other combinations of k, ¢, h, and A were assigned to the two-layered
reservoir systems which produced at various rates. The plots of q; and qz vs. time
show behaviors similar to those shown in Figure 7-1. From the reSultiqg q and @z vs.
time of the combinations, the relationship of q, and q, to k, ¢, h, and A was

investigated. It was hypothesized that the relationship can be written by:
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B (GGG )
q, 4 ‘

where ,

q, = gas flow rate of layer 1, MMscfld

q, = gas flow rate of layer 2, MMscf/d

A = drainage area of layer 1, ft? /

A, = drainage area of layer 2, ft

h, = thickness of layer L, ft

h, = thickness ‘of layer 2, ft

¢, = porosity of layer 1, fraction

¢, = porosity of layer 2, fraction

k, = permeability of layer 1, md

k, = permeability of layer 2, md

a, b, ¢, d = exponential constants

Using Equation 7-1 and the results of various runs (Appendix B: details of used
parameters of all cases run, Appendix C: examples of plots of cases run), a, b, c, and d
can be estimated as shown in Table 7-1, These exponential constants were obtained
ihrough usé of least squared. Earlier, it was thought that universal exponential
constants can be obfained for used at any gas flow rates. Such attempt failed and

exponential constants for each specific rate were obtained. In Table 7-1, ranges of

A, h k,
values of —’— , and ~% are also gaven so that it is known when these

_,¢
b, 9,k
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exponential constants can be applied. In addition, ranges of errors when using these

exponential constants to calculate 9z gre also shown. From these error values, it may

q,
be said that the exponential constants for gas flow rate of 10, 15, and 20 MMscf/d are
not acceptable and more study is needed to estimate exponential constant vaiues for
these rates.
From the values of exponential constants for gas flow rate of 1 and 5 MMscf/d

which are acceptable due to low errors (Table 7-1), one can see that the ratio of gas

flow rate (Si) varies almost directly to the product of the ratios of area, thickness,
q,

and porosity. In other words, 22 yaries almost directly to the ratio of pore volume
4

(_Y:_)_ The exponent d for the permeability ratio (—E—?-) is very close to zero for both
1 1

the 1- and 5- MMscf/d cases, This means that permeability has almost no effect on the

92 ratio.

q,

The above finding is not the same as that adopted in the petroleum industry. It
has long been believed that the allocation of rate for a multi-layered reservoir can be
obtained by using the kh allocation concept which is based on the application of
Dércy’s equation to a parallel cylindrical system. The finding obtained by this study is
totally different frmﬁ the kh allocation concept. Therefore, it should be investigated
why the finding in this study is different from the kh allocation concept and how good

this finding is.
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As mentioned before, in Figure 7-1, at the beginning of production period the
rate allocation obeys the kh allocation concept, but after this starting point, the rate
- allocation does not obey the kh allocation concept and deviates to the trend that obeys
the pore-volume allocation concept as shown in Table 7-1. Here, it can be interpreted
as follows. At the beginning, the flow into a well behaves as predicted by the Darcy’s
eﬁuation. Latér, when reservoir pressure drops and flow in the well is influenced by
expansion of gas in the reservoir (volumetric reservoir), the flow (including flow rate)
is controlle& by increasing volume of gas in the reservoir and finally by all gas in the
reservoir, hence pore volume, when pressure drop is felt at the boundary of the
reservoir.

During the transition period, from the beginning of the time that flow is
influenced by all gas in the reservoir, both permeability and gas in depleted zone (in the
reservoir) influence flow in the reservoir into the well. It is expected that when flow is
controlled by al gas in the reservoir, permeability still has some influences on the flow,
but to & much less extent for the case in Figure 7-1 where flow rate is low. However,
for high flow rate cases, it is expected that the permeability will have more influence,
relative to the cases of low flow rate, on flow into the well, While the pore volurﬁe (or
the gas volume, to be exact) will haye less influence, relative to the cases of low flow
rate, on flow. This can roughly be verified by increase in values of exponent d and
decrease in values of exponents a, b, and c when flow rate increases (Table 7-1). For
high gas flow rate, tf\is conclusion ils approximation in nature because the exponential

constants (a, b, ¢, and d) give poor correlation at high flow rate.
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From the above discussion, the following can be concluded for allocation of

rate for a two-layered reservoir: |

1. pore volume of each layer seems to have more influence on flow rate allocatio-n
than permeability,

2. at high rate, the influence of pore volume on flow rate allocation seems to decrease
and the influence of permeability seems to increase.

3. at low rate, the influence of permeability on flow rate ;allocation can be considered
as negligible and the rate allocation can be considered to be solely influenced by

pore volume of each layer.

These conclusions are very useful in allocation of flow rate for each layer when
the separated method is used to estimate GIIP.

7.2 Separated-layer method

In separated-layer method, rock and fluid properties and conditions for each

layer must be known.. The bottom-hole flowing pressure {pus} must also be known.

Then, the ratio 32 can be calculated using Equation 7-1 and exponential constants

9,
given in Table 7-1. However, it is recommended that exponential constants in Table
7-1 be used for the cases of 1 and 5 MMscf/d only. After that, knowing total flow rate |

(q:), q, and q, can be calculated. Then, p for each layer can be obtained using these

q, and q, and the pseudo-steady state equatibn. Having p for each layer, p/z plot for
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each layer can be prepared, and then the estimated GIIP for each layer can be obtained.
The total GIIP of the whole reservoir system is the sum of GIIP of each layer.

'Several cases of a two-layered reservoir system were selected for study of the
application of the separated method. The properties of the typical parameters and the
atlocated rates are shown in Appendix B.

The calculated results for these cases are shown in Table 7-2. The results in
Table 7-2 imply that use of the separated method to estimate GIIP for a two-layered
reservoir system is acceptable. The errors are quite low, less than 10%.

It should be noted that for the case of a two-layered reservoir, not only the
deficiency of the pseudo-steady state equation that causes errors in estimated GIIP’s
(as in the case of a single-layered reservoir), but also the inaccuracy in estimation of
q,and q, and tﬁe approximation that each layer flow at constant for all time under
study.

Deficiency of the pseudo-steady state equation, inaccurate estimation of g, and
q, , and constant rate approximation, in fact, cause errors in estimated _p which, in

turn, causes errors estimated GIIP.

In addition, for both single-layered and two-layered reservoir, the selected
regression (straight) line to fit data points on the p/z plot also cause errors in estimate
GIIP.

It is possible e;niors in drawing a regression line may have more influence in
causing errors in GLIP than errors in inaccurate estimation of p. This is shown in
Figure 7-2 and 7-3. Here, errors in calculation of p of layer 1 (Figure 7-2) are higher

than that of layer 2 (Figure 7-3), but the error in GIIP for layer 1 is lower than that of




97

£+ 0T+ 6£PTL | 0611 10L° 11 | B0k
TLOT+ L1+ 0S¢ | 61L°1 069°1 (A
Lo1- N A ge6'8 | 1ZzZ'01 11001 i S1 0f 10 €0 0T 001 14
L 61+ 6TP T | €v9°El zeg'el  |mioL
9'G+ S+ 1L6°€ | zTeb'E 18€°¢ T
S'II- 0T+ 858°% | [1Z°01 110°01 I 0€ 0f 10 £0 00l 0z €
9P+ 81+ 6¥0P1 | TLICI SEV'El  |IEI0L
89+ I+ vZT'L | $$8%9 19L°G T
€T+ 1’2+ $Z89 | LI8Y pL90 I 0€ o€ 70 70 0S 001 z
8T+ L1+ 8LEOI | L9Z01 860°01 |I[=0L
€S+ 1+ BTI°L | SE€8%9 19L9 4 .
€T 6T+ 09Z°c | Tev'e LES'E [ (o] o€ [Al\] 1o | oS 001 I
ASSd woly 3aeg uisn) | ung woy 3aeg Fws() | ASSd |uouemung | ouswnjoA 739AeT | [Johery | zrokeT | [10AeT | ziakeT | [10he]
(%) 10[d 7/d © woy dIIO Jo Jo1g GosWIND dIID 19he] Wy (uonoey) ¢ (pur) % ase)

'SOSED JUIIAFHP INOJ 03 poylow Iake|-pajeredas sy Jo c.oumo__&a wog paureiqo J110 Z-L dj4el




98

I 9se2 Jo [ Joe Joy anssaid Jl0AJesa1 aFe1aAE pue uononpold sed sanze[nuInmD usMISq dysuoney 7-7 a3y

{(JOSININ) peoNPOoId SBr) aaRpenwny

005’¢ 000°E 008’z 000°C 00S°'L 000°L 005 0

_ — ———— ———— ——— —o—{¢o ——————1 0
— 7] -3 08 = (Aed 3ou) Ly .j
: .,/J/ _ 1'0 = 1¢ T 008
- Jee PWOOL = LY |
ay./ : ‘ [
Jr/ : 000°t
dS§q Woy —e— u/ =
g woy- - e - L = 00S’L
N - 0002
00s°Z

(eisd) Bred
L 18AeT :} ase)
do wny sAa ‘bned




99

* 19580 Jo 7 Jake[ 10J ainssaid 10AISsaL 38e13AL pue uonponpoid sed sAne[mund ussmiaq drsuoneRy ¢-/ a3 A

(JOSININI) pPaoNpold ser aARenwny
000°L - 0009 000°S 000’V 000°€E 000°C 000°L 0
T T 1 T T L T T T T T T T LI T T T T T ¥ T T T T T T c
4 0€ = (Aed 30u) 2y []
0=t -1 008
¥. PW 0§ = 7Y% ]
STy, ] . 000’1
d55d Wy —e—
e . 005°1
WIS WOLy. . A - . l, :
Jf[lfl
L . _ ‘ : < 000'C
llh/.odl.
0052

(eisd) Baey
Z 19Ae ;| asen
do-wny sA ‘baey




100

layer 2. This implies that error due to drawing a regression line may have more

influence than errors due to estimation of B
7.3 Combined-layer method

In the combined-layer method, reservoir parameters are averaged and shown in
Table 7-3.

After average properties { ¢ and k) and the total thickness of two layers were
obtained, all these.obtained parameters will be used together with known total flow

rate (q, ) in the pseudo-steady state equation to calculate p of the system (the two

layers). (Drainage area of each layer, in the study of the combined method, was
assigned to be tﬁe same for all the layers).

The results of the combined method are shown in Table 7-4. The errors in
estimated GIIP are also low for the combined method. All errors in the cases studied
are lower than 5%. This means thai the combined method should be acceptable for
estimation of GIIP.

Comparisdn of errors-in estimated GIIP by the separated and combined
methods are shown in Table 7-5. The combined method seems to give better results
for the cases used in this study. However, it can be concluded that both methods

should be acceptable for calculation of GIIP.
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Table 7-3 AQerage paraméters of the four cases used in the combination method,

Case k (md) ¢ (fraction) h (ft)
Layerl | Layer2 | average* | Layerl | Layer2 javerage*| Layerl | Layer2| Total
I 100 50 67 0.1 0.2 0.15 30 30 60
2 100 50 75 0.2 0.2 02 30 30 60
3 20 100 40 0.3 0.1 0.2 30 30 60
4 100 20 89 0.3 0.1 0.23 30 15 45
average® = volume average

Table 7-4 GIIP obtained from application of the combination method to the four

different cases,

Case k (md) ¢ (fraction) h () GIIP (MMscf) Error of GIIP from a P/Z plot (%)
Layer!l'| Layer2 | Layer! { Layer2 | Layerl | Layer2 [ Vol Sin. PSSE | Pawg from Sim. Favg from PSSE
1 100 50 0.1 0.2 30 30 | 16,098 10,270 10,350 +1.7 +2.5
2 100 50 0.2 0.2 30 30 |} 13.454] 13,663 14,040 +1.7 +4.5
3 20 100 0.3 0.1 30 30 | 13,392 13,663 | 12,789 +1.8 -4.5
4 100 20 0.3 0.1 30 15 11,700 | 11,923 ] 12,064 +19 +3.1
Table 7-5 Comparison of the errors of GIIP obtained from the separated and
combination methods.
*
Case . Error of GIIP from a P/Z plot (%)
Separated Method Combined Method
Using Pavg from Sit. ; Using Pavg from PSSE | Using Pavg from Sim. | Using Pavg from PSSE
) +1.7 +2.8 +1.7 +2.5
2 +1.8 +4.6 +1.7 +4.5
3 +1.9 -7.2 +1.8 -4.5
4 +2.04 +6.] +1.9 +3.1
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7.4 Two-layered reservoir with two wells

Two-layered reservoir with two wells can be separated into two main cases:
1. the case that each well penetrates both of the two layers (Figure 5-4), 2, the
case that one of the two wells penetrates only one layer (upper layer), while the other

penetrates both of the two layers (Figure 3-5)
7.4.1 The case that each well penetrates both of the two layers

For this case, in the study, both of the separated and combined methods were
.applied for both wells and layers. In other words, it can be said that, for this case,
separated-layer and separated-well, separated-layer and combined-well, combined-
layer and separated-well, and combined-layer and combined-well methods were used.

The case of a two-layered reservoir with two wells where each layer has the
same reservoir characteristics and properties, and each of the two wells is located
symmetrically to each other and produces at the same constant rate {of 7,5 MMscf/d)
was used in the study of the validity of the four different methods. The reservoir
characteristics and properties of each of the two layers in the studied case are as

follows: permeability = 20 md, porosity = 0.2, and thickness = 30 fi.
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The separated-layer and separated-well method

Thié method can be used when the flow rate éan be alfocated to each layer, and
the rate of the two wells are constant. If the flow rate can be allocated to each layer,
by knowing p.r at the depth of each layer, p of each layer can be calculated from the
pseudo-steady state equation.

For a two-layered reservoir with two wells where each of the two wells
penetrates both of the two layers, the flow rate allocated to each layer can be easily
estimated when the two layers have the same reservoir characteristics and properties
(A, h, ¢, and k). For this case, the allocated flow rate of each layer will be equal.
However, if the two layers have different reservoir characteristics and properties, the

| allocation of each layer is still possible to estimated if all those reservoir characteristics
and properties (A, h, ¢, and k) of each layer are known and the flow rates of the two
wells are constant. |

For such a case (two layers having different reservoir characteristics and
properties), when the flow rates of the two wells are constani, fictitious boundary of
drainage area of each well on the two layers does not change with time. Therefore,
drainage volume of each well should also not change with time (constant or almbst
constant)., For this case, it i3 assumed that there is no flow across the fictitious
boundary of the two wells. Each well (drainage volume of each well), then, can be
considered separately. In other words, it can be said that for such a case, the

separated-well method can be applied.
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In the studfed case, because of the symmetry of the well locations and the
constant production rate ;)f each well and the siﬁilarity of the reservoir characteristics
and properties of each layer, the separate&-layer and separated-well method could be
applied. The separated-layer and sebarated-we]l method would divide the whole
volume of the system into four separated volumes. Those are the volumes of : layer 1-
well A, layer 1-well B, layer 2-well A, and layer 2-well B. Initially, the whole volume
was divided into the volumes of well A and well B, then using the two obtained
fictitious two-layers-and-one-well systems (fér well A and well B) with the flow rate
allocation equation (Equation 7-1) to allocate the flow rate of each well to each layer
(to divide the total drainage volume of well A (or well B) to be the volumes of layerl-
well A (or well B), and layer 2- well A (or well B)).

After all the four separated volumes were obtained, the same procedure as
what previously done to yield a p/z plot for each of the separated volume was again
carried out. For each volume (either layer 1 - well A, layer 1 - well B, layer 2 - well A,
" or layer 2 - well B), E was obtained from the PSSE using the allocated flow rate of
that volume and p.s of tiiat well and that layer (obtained from the simulator). The p/z
plot of each volume would yield the GIIP of that volume. The sum of the GIIP of each
volume is tHe total GIIP of the system (of the two layers).

The results from the application of the separated-layer and separated-well

method to the studied casé are shown in Table 7-6.
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The separated-layer and combined-well method

This method will transform a two-layered reservoir with two wells to be a two-
layered reservoir with one fictitious wellilocated at the middle of the system. Like
what was done in the stﬁdy of a two-layered reservoir with one well, rate allocated to
each layer can be determined from Equation 7-1. From the obtained allocated rate and
pur Of eacil fayer from the simulation, p of each layer can be obtained from the pseudo-
steady state equation. Again, from the p/z plot of each layer, the GIIP of each layer

can be estimated.
The results of the studied case using the separated-layer and combined-well

method are shown in Table 7-6.
'fhe combined-layer and separated-well method

This method will transform a two-layered reservoir with two wells to be a
fictitious single-layered reservoir with two wells, The obtained fictitious single-layered
reservoir will have the jbroperties as the average ones (volume averaging) except the
thickness which is equal to the sum of the thickness of each layer. Inthe studied case,
because of the symmetry of the well locations and the constant prociuction rate of the
two wells, the separated-well method could be applied. Therefore, from the obtained
fictitious single-layered reservoir with two wells, the drainage volume of each well can

be separately considered. For each drainage volume, p can be determined from the



107

pseudo-steady state equation, then, a p/z plot can be prepared. The sum of the GIIP of
the drainage volume of each well is equal to the total GIIP of the system.
The results from the application of the combined-layer and separated-well

method to the studied case are. shown in Table 7-6.
The conibined-layer and combined-well method

This method will transform a two-layered reservoir with two wells to be a

~ fictitious single-layered reservoir with one fictitious well located at the middle of the
system. From the application of this method, the obtained fictitious layer will have the
properties as the average ones, as previously mentioned. While, the obtained fictitious
well will have the flow rate equal to the total flow rate of the two wells in the system
(the actual system prior to the system transformation). For the application of this
method, only one p/z plot representing the whole system will .be generated, Therefore,
_ the GIIP obtained from that p/z plot will be the GIIP of the system. The results of the
studied case using this method are élso shown in Tabie 7-6.

From Table 7-6, the errors of the resulting GIIP from applications of the four
different methods are within the same range (5.3% - 6;6%). Therefore, it can be said
that‘ for the reservoir system similar to the system in the studied case (two-layers-and-
two-wells system where each layer has the same reservoir characteristics an pfoperties,
and each well in the system is located symmetrically to each other and produces at the
same constant rate), all the four different methods can be tsed with the same range of

errors expected from the four different methods. It can be noticed that the errors of
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the resulting GIIP’s will be decreased if the permeability of the layers is higher (higher

than 20 md which is the permeability of the layers in the studied case).
7.4.2 The case that one of the two wells penetrates only one layer

For this case, the study was initially tried with all the four methods (separated-
layer and separated-well, separated-layer and combined-well, combined-layer and
separated-well, and combined-layer and combined-we!l). However, it was found that
the separated-layer and separated-well, separated-layer and combined-well, combined-
layer and separated-well methods could not be applied to this system because flow rate
allocated to each layer could not be achieved. Therefore, only the combined-layer and
combined-well method ‘was applied. The system selected for this study is similar to the
system in the study of a‘ ;fwo-layered reservoir with two wells where each well in the
system penetrates both layers, The difference is that, for this study, one of those two
wells penetrates only one layer (upper layer). However, for this stuay, the two wells
were still assigned to produce at the same constant rate of 7.5 MMscf/d.

The GIIP of the system (layer 1+ layer 2) from a p/z plot using E from the

_ pseudo-steady state eqliation, the practﬁcal GIIP, is 14,416 MMscf or+7.3% error |
from the actual value of 13,435 MMiscf. © From the result of the study, it could be
said that for the two-layered system with two wells, in which one of the two wells
penetrates only one layer, the combined-layer and combined-well method (which is the
only method suitable for this system) can be.applied with an écceptable error of the

resu'lting GIIP (of the system).
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7.5 Three-layered reservoir

For this study, both of the separated-layer and combined-layer methods were
used, For the case selected, all the three layers were assigned with the same reservoir
conditions and properties: k=20 md, $ = 0.2, and h =30 . The results from the

study are shown in Table 7-7. The results show that with the application of the

separated-layer method, the error of the obtained GIIP (practical GIIP) of each layer is

within the same range (6.3% - 10.4%). The error of the practical GIIP of the topmost

'layer is the largest (10.4%), while that of the bottommost layer is the smallest (6.3%).

With the application of the separated-layer method, the error of the total GIIP of all
layers is 8.3%, which is equal to the error of the obtained GIIP of the whole system
when the combined-layer method is appliea.

Therefore, for a three-layered reserveir with one well where all layers have the
same reservoir characteristics and properties, both separated-layer and combined-layer
methods can be applied with the same error of the calculated GIIP (of the whole
system) expected to be obtained. Another interesting point to notice is that all the
errors (from applications of both methods) will be smaller if all the layers in the system
have higher value of permeability (as mentioned in the study of the effect of
permeability on the calculated GIIP),

For a three-layered reservoir with one well, if all layers have different reservoir
characteristics and pfope,rties, the separated-layer method is not recommended due to
difficulty in determinfng correct flow rate allocated to each layer. For such a case, to

determine the allocated flow rate of each layer, correlation between all reservoir

-
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parameters and gas flow rate of each layer are needed fo be studied and developed like
what was done in the study of a fwo-layered reservoir with one well, (It is expected
that the obtained equation or correlation for such a system will not be as same as that
shown in Equation 7-1. Therefore, to avoid difficultiy in allocating flow rate to each
layer, the combined-layer method is suggested. Even if t‘here is no further

| investigation for such a case, it is expected, from the results in Table 7-7, that the
combined-layer method should be able to be applied with an acceptabie error of the
calculated GIIP.

Further study for a more complex system than those used in this study (more
complex than a two-layered reservoir with one well, a two-layered reservoir with two
wells, and a three-layered reservoir with one well) can be carried out with the
application of the four different methods (separated-layer and separated-well,
separated-layer and combined-well, combined-layer and separated-well, and combined-
layer and combined-well). Criteria used in this study: constant gas flow rate of each
well (used to select either separated-well or combined well method), and similarlity of
reservoir characteristics and properties of each layer (used to select either separated-
layer or combined-!ayc.ar method) can also be used in the study of a more complex
system.

The technique used to generate a flow-rate-allocation equation for a two-
layered reservoir with one well (Equation 7-1) can be followed and modified for a
more complex system. It is noted that if a good flow-rate-allocation equation can be
generated for any systeﬁ, a separated-layer method then could also be used for that

system,
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