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Abstract

In this series, thirty-two(32) different models weeidentified
for the normal and vertically inverted letter ‘P'wo-layered
reservoir with a horizontal well in each layer. Relant
instantaneous source functions were also deriveddan
tabulated for all the identified models.

1.0 Introduction

Horizontal or lateral wells may be drilled into maotlayered reservoir with either the normal or ined
latter ‘P’ architecture. The inversion be can \eatly or horizontally. This architecture could haveen
discovered from studies which revealed that rathan one reservoir already completed there areatgtu
two reservoirs in communication through an intezfa®n the other hand, one of two-layered resemaly
be required to serve as a means of fluid injectmenhance fluid mobility in the other layer. Inns®
instances, fluids in the different layers may regeparate production and testing and therefdfereint
reservoir and wellbore treatment. Thus, correctedares are needed for optimum performance predicti
and characterization. Like in Part I, in this pgpestantaneous source functions for deriving presand
their derivative distributions for a two-layeredseevoir with horizontal or lateral well completioase
derived for several cases of external fluid inj@etor patterns of influx into the layers. TableGafeen’'s
and source functions discussed in Ref 1 to 2 artdladated in the Appendix of Ref. 3 reproducerkhe
are utilized.

Normal and Inverted Letter ‘P’ Two-Layered Reservoir Description

A two-layered reservoir with normal letter ‘P’ angtture is shown in Fig. 1a. A horizontal or latewell

is drilled into each layer. The top layer (Layert@s four external boundaries, which may be seated
constant-pressured. The bottom layer (Layer 1)dmhg one external boundary, which may be sealed or
constant-pressured, while it is infinite in all tbéher directions. Boundaries considered infinite #hose
that cannot be felt during a well test. The tweelsyare separated by a permeable interface. Theyefe
interface is an internal boundary and no fluidusfbr injection is considered through.

Fig. 1b is an inverted letter ‘P’ architecture ab#dole through vertical inversion of the normatdetP’. In
this inverted form, the top layer corresponds ® ltbttom of the normal and bottom layer correspdads
the top.

Other forms of the inverted architectures showRim 2 are obtainable through horizontal inversibithe
normal and the vertically inverted architectureefidfore, in the architectures obtained throughzoaital
inversion, only the well positions are altered; thes of wells in the parent architecture aredio#t of the
horizontally inverted wells.

Derivation of Instantaneous Source Functions

Journal of the Nigerian Association of Mathematic&hysics Volumel6 (May, 2010)573 - 578

Compilation of Instantaneous Source Functions...ll  Adewole and Olafuyi J of
NAMP



Instantaneous source functions will be derived tfar normal architecture and the vertically inverted
architecture. Mastery of the derivations shouldsass the derivation of instantaneous sources tfans

for all horizontally inverted architecture. Howeyer quick look at the architectures shows thattifer
purpose of well location consideration, all horitadly inverted architectures would have the same
instantaneous source functions as their parenitectiwves. All the wells are considered as linerces.
Mathematically, i.e., the y-boundaries are alsénitely far away’.

1
l— Layer 2 P E—
2
3 1
3 1
Layer 1
a Nomenclature b
1 Layer 1 Horizontal well
2 Interface

3 Layer 2 Horizontal well

Fig. 1: Normal and Inverted Letter ‘P’ Two-Layered Reservoir Architectures
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Fig. 2: Mirror Inversions of Letter ‘P’ Architecture (Not to scale)

Results and Discussion

No external energy (influx or injection) is congiee for all ‘infinitely far away’ boundaries andeth
interface. Each of the five external boundariesedhns sealed or constant-pressured or a comhinitio
such a way that each resulting model is uniquerentdiuplicated. Because no external energy is ieghos
on an ‘infinitely far away’ boundary, source fumgtiof the kind 11(x), assuming central well locatialong
the x-axes are written down for all the layers wittfinitely far away’ boundaries. However, off-cemned
well locations, where the wells behave as infipitne sources in infinite slab reservoirs, soutoetions
of the kind iii(x) are suggested. In practice, fbaction iii(x) is more common in layers where thare
fewer or no external influx or injection oe wherartsients are propagated rapidly away from a cafista
pressure boundary. In all the models, instantansousce functions ii(x).l(y). 1(z) is

suggested to denote early radial flow, mandatogniy reservoir flow, no matter the nature of theemal
boundaries.

Because the interface is assumed as a constasdpeeboundary, multiplicative constantsaad E are
considered for Layer 1 and 2, respectively, for thepose of determining full characterization oé th
interface.

Results obtained are tabulated in Table 1 for yhiso (32) different models of both the normal and
vertically inverted letter ‘P’ architectures. Modél to 16 are for the normal architecture while EledL7
to 32 are for vertically inverted architectures.doth normal and inverted architectures, the mamglat
infinitely far away boundaries along the z-axes geeerally represented by source function of threl ki
I(z). with only one (1) boundary that may be sealedonstant-pressured, in normal Layer 1 and cedhi
inverted Layer 2, source functions like vi(x) an@x) are considered, respectively, for constargsure
effect at the bottom of the well and no sealingrmtary off-centered well location effect along thaxes.
This is deliberately done even though there argisible pairs of parallel boundaries apart from sivggle
boundary which may be sealed or constant-presstites.action is in vie of artificial no-flow boundas,
which are set up if the transients are felt bydimgle natural boundary. If the transients arestopped by
the physical single natural boundary, the well sfants would behave as if the reservoir is infimitehe
direction opposite to the natural boundary. If siregle natural boundary is constant-pressured sufielti
first by transients, infinite behavior would be bgit to an end under the prevailing transient regim
Instantaneous source functions, like viii(x).1(¥ji(z) are considered for completely constant-puesd
pair of external boundaries, while vii(x).I(y).1(z¥ii(x).1(y). v(z), Vii(X).I(y). v(z) and Vvi(x).lI§).v(z), are
considered for partially sealed and partially canspressured external boundaries. These instamiane
source functions are, however, used to descrila fliow periods.
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SIN Model Instantaneous Source Function
Diagram
X-axis Z-axis Layer 1 Layer 2
1. Top layer, sealed endsTop layer, sealed top, Eill(X).I(y).v(z) Eovii(x).1(y).vi(z)
— Bottom layer, sealed interface bottom. Bottom Eyvii(x).I(y).l(z) ElI(X).1(y).I(z)
_ bottom, infinite top layer, infinite bottom,| Ejiii(x).1(y).I(z) E,iii(x).1(y).vi(z)
interface top Eql1(X).1(y).v(2)
2. Top layer, sealed ends.Top layer, constantt E;ll(x).I(y).v(z) Euvii(x).1(y).iv(z)
il Bottom layer, sealed pressure at top, interfageEyvii(x).I(y).l(z) ElI(X).1(y).I(z)
— bottom, infinite top at bottom. Bottom layer} E;iii(x).I(y).I(z)
— interface at top, infinite ElI(x).1(y).v(z)
bottom
3. Top layer, sealed Top layer, sealed tog, Ejll(x).1(y).v(z) Eov(x).1(y).vi(z)
— e bottom, constant; interface bottom. Bottom Eyvii(x).1(y).l(z) ElI(X).1(y).1(z)
—— pressure at top Bottomlayer, infinite bottom,| Ejiii(x).I(y).I(z)
layer, sealed bottom, interface top E(X).1(y).v(z)
infinite top
4. Top layer, constant-Top layer, sealed top, Eill(X).I(y).v(z) Eovi(x).I(y).vi(z)
— — pressure at bottom, interface bottom. Bottom Eyvii(x).I(y).l(z) ElI(x).1(y).1(2)
J— sealed top. Bottom layer, infinite bottom,| Ejiii(x).I(y).I(2)
layer, sealed bottom, interface top Eql1(X).1(y).v(2)
infinite top
5. Top layer, sealed endsTop layer, sealed top, Eill(X).I(y).v(z) Eovii(x).1(y).vi(z)
zl Bottom layer, constantt interface bottom. Bottom Eyvi(x).1(y).1(z) ElI(X).1(y).I(z)
pressure at bottom, layer, infinite bottom,| Eyvi(x).l(y).v(z) Eiii(x).1(y).vi(z)
— infinite top interface top E1l1(X).1(y).1(2)
6. Top layer, sealed Top layer, constantt Ejll(x).1(y).v(z) Eov(x).1(y).viii(z)
ﬂ bottom, constant; pressure at top, interfageE,vii(x).I(y).l1(z) ElI(x).1(y).1(2)
— pressure at top. Bottombottom. Bottom layer) Eiiii(x).I(y).I(z)
_ layer, sealed bottony, infinite bottom, interface E;ll(x).I(y).v(z)
infinite top top
7. Top layer, constantt Top layer, constantt Eqll(x).I(y).v(z) Eovi(x).I(y).vi(z)
pressure at bottom|, pressure at top, interfageE,vii(x).I(y).1(z) ElI(x).1(y).1(z)
sealed top. Bottom bottom. Bottom layer| Ejiii(x).1(y).I(z)
- layer, sealed bottom, infinite bottom, interface E;ll(x).l1(y).v(z)
infinite top top
8 Top layer, sealed ends.Top layer, constanty Ejll(x).I(y).v(z) Euvii(x).1(y).iv(z)
il Bottom layer, constantt pressure at top, interfageEvi(x).1(y).1(z) ElI(x).1(y).1(2)
— pressure at bottomr], bottom. Bottom layer) Eyvi(x).l(y).v(z)
—> infinite top infinite bottom, interface Ejll(x).1(y).1(z)
top
9. Top layer, constantt Top layer, sealed top, Eill(X).I(y).v(z) Eyviii(x).1(y).vi(z)
pressure at both ends.nterface bottom. Bottom Eyvii(x).I(y).l(z) Ell(X).1(y).I(z)
_’E« Bottom layer, sealed layer, infinite bottom,| Eiiii(x).lI(y).lI(z)
bottom, infinite top interface top Eql1(x).1(y).v(z)
10. Top layer, sealed Top layer, sealed top, Eill(X).I(y).v(z) Eov(x).1(y).vi(z)
— |4— | bottom, constant interface_ b_oFtom. Bottom Elv!(x).l(y).l(z) ElI(x).1(y).1(2)
p— pressure at top. Bottomlayer, infinite bottom,| Eyvi(x).l(y).v(z)
—» layer, constant-pressureinterface top E1(X).1(y).1(2)
at bottom, infinite top
11. Top layer, constantt Top layer, constantt Eqll(x).I(y).v(z) Eyviii(x).1(y).vi(z)
¢ pressure at both ends.pressure at top, interfageE,vii(x).I(y).l(z) Ell(X).1(y).I(z)
Bottom layer, sealed bottom. Bottom layer| Ejiii(x).I(y).l1(z)
—» — |4 | bottom, infinite top infinite bottom, interface Ejll(x).1(y).v(2)
— top
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12. * Top layer, constantt Top layer, constantt Eqll(x).I(y).v(z) Eyviii(x).1(y).vi(z)
pressure at both ends.pressure at top, interfageEvi(x).1(y).l1(z) ElI(X).1(y).I(z)
—PZl‘_ Bottom layer, constantt bottom. Bottom layer| Eyvi(x).l(y).v(z)
— pressure at bottom, infinite bottom, interface E;ll(x).I(y).I(z)
infinite top top
13. Top layer, constantt Top layer, sealed top, Eill(x).I(y).v(z) Eovi(x).I(y).vi(z)
pressure at bottom, interface bottom. Bottom Eyvi(x).1(y).l1(z) Ell(X).1(y).I(z)
| — sealed top. Bottom layer, infinite bottom,| Eyvi(x).I(y).v(z)
— layer, constant-pressureinterface top E(X).1(y).1(2)
—> at bottom, infinite top
14. Top layer, constantt Top layer, constantt E;ll(x).I(y).v(z) E,vi(x).1(y).vi(z)
* pressure at bottom, pressure at top, interfageE,vi(x).1(y).1(z) ElI(x).1(y).1(z)
] — sealed top. Bottom bottom. Bottom layer| Eyvi(x).l(y).v(z)
o layer, constant-pressureinfinite bottom, interface E.ll(x).I(y).I(z)
at bottom, infinite top | top
15. Top layer, sealed Top layer, constantt E;ll(x).I(y).v(z) Eov(X).1(y).iv(z)
* bottom, constant; pressure at top, interfageE,vi(x).1(y).1(z) ElI(X).1(y).1(2)
— |4 | Pressure at top. Bottombottom. Bottom layer,| Evi(x).l(y).v(z)
p— layer, constant-pressureinfinite bottom, interface E;ll(x).I(y).l(z)
—> at bottom, infinite top | top
16. Top layer, constantt Top layer, sealed top, Eill(X).I(y).v(z) Eyviii(x).1(y).vi(z)
pressure at both ends.nterface bottom. Bottom Eyvi(x).l(y).lI(z) Ell(X).1(y).I(z)
N Bottom layer, constantt layer, infinite bottom,| Eyvi(x).l(y).v(z)
pressure at bottom, interface top E (X).1(y).I(z)
—> infinite top
17. Top layer, sealed Top layer, infinite top,| Eyvii(x).I(y).v(z) E,lI(x).1(y).vi(z)
bottom, infinite top.| interface bottom. Bottom Ejiii(x).1(y).v(z) E,vii(x).1(y).1(2)
— Bottom layer, sealed layer, interface top| Ejll(x).I(y).l(z) E,iii(x).1(y).1(2)
— ends sealed bottom Eovii(x).1(y).vi(z)
18. Top layer, sealed Top layer, infinite top,| Eyvii(x).I(y).viii(z) E,lI(x).1(y).vi(z)
— bottom, infinite top.| interface bottom. Bottom Ejiii(x).1(y).viii(z) Eovii(x).1(y).1(z)
J— Bottom layer, sealed layer, interface top| Ejll(x).I(y).I(z) Esiii(x).1(y).1(z)
? ends constant-pressure bottom Euvii(x).1(y).vi(z)
19. ' Top layer, sealed Top layer, infinite top,| Eyv(X).l1(y).v(z) Eull(x).1(y).vi(z)
_ bottom, infinite top.| interface bottom. Bottom E.ll(x).I(y).I(z) Eovii(x).1(y).1(z)
3_ Bottom layer, sealed layer, interface top Esiii(x).1(y).1(z)
bottom, constant; sealed bottom Eovii(x).1(y).vi(z)
pressure at top
20. Top layer, sealed Top layer, infinite top,| Eyvi(x).l(y).v(z) Eoll(x).1(y).vi(z)
bottom, infinite top.| interface bottom. Bottom E.ll(x).I(y).I(z) Eovii(x).1(y).1(z)
— Bottom layer, constantt layer, interface top Eiii(x).1(y).1(z)
—» — pressure at bottom], sealed bottom Evii(x).1(y).vi(z)
sealed top
21. Top layer, constantt Top layer, infinite top,| Evii(x).I(y).v(z) E,lI(x).1(y).vi(z)
—p — pressure at bottom, interface bottom,| Ejiii(x).1(y).v(z) Eyvii(x).1(y).I(2)
Zl infinite top. Bottom| Bottom layer, interface Ejll(x).I(y).l(z) Eiii(x).1(y).1(z)
layer, sealed ends top, sealed bottom Euvii(x).1(y).vi(z)
Ell(x).1(y).I(z)

Journal of the Nigerian Association of Mathematic&hysics Volumel6 (May, 2010)573 - 578

Compilation of Instantaneous Source Functions...ll Adewole and Olafuyi
NAMP

J of



interface bottom,

E(X).1(y).1(2)

E,vii(x).1(y).1(2)

22. Top layer, sealed Top layer, infinite top,| Ev(x).I(y).viii(z) E,lI(x).1(y).vi(z)
bottom, infinite top.| interface bottom,| Ejll(x).1(y).1(z) E,vii(x).1(y).1(2)
— Bottom layer, sealed Bottom layer, interface E,iii(x).1(y).1(2)
[ — Je— bottom, constant} top, constant-pressure Evii(X).1(y).vi(2)
T pressure at top bottom
23. Top layer, sealed Top layer, infinite top,| Eyvi(x).l(y).viii(z) Eull(x).1(y).vi(z)
bottom, infinite top.| interface bottom. Ejll(x).1(y).I(z) Eovii(x).1(y).1(z)
— Bottom layer, constantt Bottom layer, interface E,iii(x).1(y).1(2)
—» — pressure at bottom), top, constant-pressure Eovii(x).1(y).vi(z)
T sealed top bottom
24. Top layer, constantt Top layer, infinite top, Eyvii(X).I(y).viii(z) Eull(x).1(y).vi(z)
pressure at bottomn, interface bottom. Ejiii(x).1(y).viii(z) Euvii(x).1(y).1(z)
- — infinite top. Bottom| Bottom layer, interface Ejll(x).1(y).l(z) E,iii(x).1(y).1(2)
— layer, sealed ends top, constant-pressufe Eovii(x).1(y).vi(z)
4 bottom ElI(X).1(y).I(2)
25. ' Top layer, sealed Top layer, infinite top,| Eyviii(x).l(y).v(z) Eull(x).1(y).vi(z)
bottom, infinite top.| interface bottom. Ejll(x).1(y).I(z) Euvii(x).1(y).1(z)
— Bottom layer, constantt Bottom layer, interface E,iii(x).1(y).1(2)
—>Z|<— pressure at both ends | top, sealed bottom Eovii(x).1(y).vi(z)
26. Top layer, constantt Top layer, infinite top,| Ejv(X).I(y).v(z) Eoll(x).1(y).vi(z)
) pressure at bottom, interface bottom, ElI(x).I(y).I(z) Exvii(x).1(y).1(z)
3_ infinite top. Bottom| Bottom layer, interface ESiii(x).1(y).1(2)
layer, sealed bottom, top, sealed bottom Evii(x).1(y).vi(z)
constant-pressure at top El(x).1(y).1(2)
27. Top layer, sealed Top layer, infinite top,| Eyviii(x).I(y).viii(z) E,lI(x).1(y).vi(z)
— bottom, infinite top.| interface bottom,| Ejll(x).1(y).1(z) E,vii(x).1(y).1(2)
—» — Bottom layer, constant: Bottom layer, interface E,iii(x).1(y).1(2)
pressure at both ends | top, constant-pressure Eovii(x).1(y).vi(z)
T bottom
28. Top layer, sealed Top layer, infinite top,| Eyviii(x).I(y).viii(z) E,lI(x).1(y).vi(z)
—» — bottom, infinite top.| interface bottom,| Ejll(x).1(y).1(z) E,vii(x).1(y).1(2)
—>E|<— Bottom layer, constant: Bottom layer, interface E,iii(x).1(y).1(2)
pressure at both ends | top, constant-pressure Eovii(x).1(y).vi(z)
T bottom El(X).1(y).I(z)
29. Top layer, constantt Top layer, infinite top,| Epvi(x).l(y).v(z) E,lI(x).1(y).vi(z)
— — pressure at bottom, interface bottom,| Ejll(x).1(y).1(z) E,vii(x).1(y).1(2)
infinite top. Bottom| Bottom layer, interface E,iii(x).1(y).1(2)
_’El layer, constant-pressuretop, sealed bottom Eovii(x).1(y).vi(z)
at bottom, sealed top ElI(X).1(y).I(z)
30. Top layer, constantt Top layer, infinite top,| Epvi(x).l(y).viii(z) E,lI(x).1(y).vi(z)
—» — pressure at bottom, interface bottom,| Ejll(x).1(y).1(z) E,vii(x).1(y).1(2)
—» — infinite top. Bottom| Bottom layer, interface ESiii(x).1(y).1(2)
T layer, constant-pressuretop, constant-pressure Eovii(x).1(y).vi(z)
at bottom, sealed top | bottom El(X).1(y).I(z)
31. Top layer, constantt Top layer, infinite top,| Eqv(x).I(y).viii(z) Eull(x).1(y).vi(z)
pressure at bottom, interface bottom. Ejll(x).1(y).I(z) Euvii(x).1(y).1(z)
— — infinite top. Bottom| Bottom layer, interface EJiii(x).1(y).1(2)
_ layer, sealed bottom, top, constant-pressure Evii(x).1(y).vi(z)
?47 constant-pressure at top bottom ElI(X).1(y).1(2)
32. Top layer, infinite top, Eyviii(x).I(y).v(z) E,lI(x).1(y).vi(z)
[—

—>
—>

Bottom layer, interface
top, sealed bottom

Eyiii(x).1(y).1(2)
Eovii(x).1(y).vi(z)
El(X).1(y).I(z)
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Conclusions
Derivation of relevant instantaneous source fumgtior a layered reservoir with letter ‘p’ architee
shows that:

(1) The letter ‘P’ normal or inverted architecture isacacterized by two mandatory infinitely far
away boundaries; i.e., in the x and z-axes.

(2) Vertical inversion turns top of architecture bottand bottom top.

(3) Horizontal inversion turns top of horizontal wetittom and bottom top.

(4) Thirty-two (32) different models are possible fati the normal and vertically inverted letter ‘P’
architectures.

(5) For the only boundary that can be sealed or conptassured, source functions of the kind vi(x)
and vii(x) characterize instantaneous source fanstalong the x-axes.

(6) In the letter ‘P’ architecture, whether normal pverted, one layer must be made up of four (4)
boundaries that may be sealed or constant-pressuhdle the other layer must consist of one (1)
boundary that may be sealed or constant-pressured.

(7) For centrally located wells, the most prevalentansaneous source function is (). I1(y). 1(2).

Nomenclature
E; Late time flow boundary effects constant for Lager
E, Late time flow boundary effects constant for Lager
(i) Axial flow directions X, y, orz
i  Distances in x, y, or z directions, ft

References

[1] Carslaw, H.S. and Jaeger, J.Conduction of Heat through Solids, 2" Ed. Oxford University
Press, London, England, 1959.

[2] Gringarten, A.C. and Ramey, H.J.Jr. (1973): éTbise of Source and Green’'s Functions in
Solving Unsteady-Flow Problems in Reservoirs,” Seanhs.; AIME, 255-285.

[3] Adewole, E.S.: “Compilation of InstantaneousuBm® Functions for Varying Architecture of a
Layered Reservoir with Mixed Boundaries and HortabkVell Completion,” Part I: e-Shaped
Architecture, paper submitted Migeria Association of Mathematical Physics, 2010.

Journal of the Nigerian Association of Mathematic&hysics Volumel6 (May, 2010)573 - 578

Compilation of Instantaneous Source Functions...ll  Adewole and Olafuyi J of
NAMP



