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Abstract

Instantaneous source functions of a two-layered eesir with letters ‘h
and ‘H’ architectures have been derived. Thirty-tw®2) different models,
with different variations of sealing and constantgssure external
boundaries were used. The results are tabulateddaick reference.

Introduction

As in the other architectures considered in thigesereservoir heterogeneity may give rise toldrof ‘H’ letter
architecture if the reservoir has two prolific camments (layers). Horizontal or lateral wells vk excellent
choices of wells to produce oil from such a layeregservoir. For several uses that may be necessatgntaneous
source functions are derived in this paper forléyers of the reservoir, considering fluid injectior influx. The
source functions are derived from Refs. 1 and ia &arts | to Il1.

Normal and Inverted Letter ‘h’ and ‘H’ Two-Layered Reservoir Description

Fig. 1 below is a two-layered reservoir with normal lette’ or ‘H’ architecture. Each layer is completedth
horizontal or lateral well. The top layer has owerfdary that may be sealed or constant-pressuted ifijection or
influx), while the other two boundaries is ‘infialy far away’ the bottom layer has two vertical bdaries that may
be sealed or constant-pressure and one boundanfirigely far away’. Fig. 2 shows inverted letter ‘h’ architecture
obtained through horizontal inversion of the norrdedder ‘h’. the horizontal inversion merely turtte top of a
horizontal or lateral well bottom and bottom tofpwkll transients are not felt by the boundariesntthe normal and
inverted architectures will not be distinguishalifehe boundaries are felt, then appropriate sedonctions have
to be selected to represent the process, as wihben later.

Vertical inversions of normal and horizontally imesl architectures produce new architectures tivat bottom
layers top layers and top layers bottom layershasve below inFig. 3. Therefore instantaneous source functions
will be derived for one vertically inverted arclitare and a mastery of the source selection prosestd make
selection for their ‘mirror images’ very easy.

The architecture with capital letter ‘H’ system ait&linversions are shown fig.4. Vertical inversion does not
produce any change in boundary arrangement for $edled and constant-pressure boundaries. But dnerfour
(4) external boundaries that may be sealed or antigpressured. Horizontal inversion merely turngzomtal well
top bottom and bottom top, except for completelgled or constant-pressured external boundariestewthe top
layer is turned bottom and vice versa.
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Fig. 1: A Two-Layered Reservoir with Normal Lettér

Fig. 2: A Two-Layered Reservoir with
Horizontally Inverted Letter ‘h’ Architecture

Fig. 4: Normal and Inverted Letter ‘H’ Two-Layered
Fig. 3: Horizontally and Vertically Inverted Normiagtter Reservoir Architecture
‘h’ Two-LayeredReservoir Architectul

Corresponding author: E-madteveadewole@yahoo.co.ukel. +2348039237561

Journal of the Nigerian Association of Mathematic&thysics Volumel7 (November, 2010)63 - 68
Normal and Inverted Letter ‘h’ and ‘H’ Architecture Adewole, E.S. Jof NAMP



Results and Discussion

The interface is considered as a constant-pressoomdary throughout the derivation and is consitleas
permeable. Fluid influx and injection were variedtbe external boundaries except ‘infinitely faragiwboundaries.
The constants £and E in the instantaneous source functions can be tosddtermine the actual combined effect of
fluid dynamics in the layers occurring at the ifdee. Line source horizontal or lateral wells avasidered, hence,
all the source functions along the y-axes are iitgfinn writing down instantaneous source functjorentral and
off-central well locations along the x-axes aresidered especially where there is no constant-predsoundary.
For instance, in Models no. 1, 15 and 16, both heamndaries along x-axes and absence of these hoesdre
considered. Absence of these boundaries meansthbaivell is infinite-acing. Even if the effect ohe near
boundary is felt, the instantaneous source fundsamritten down to show that a ‘pseudosealing’ tdary is set up
at late time, which limits the sweep area of thdl.wEhus action accelerates attainment of pseuddstestate
(reservoir depletion) even though the reservaliaiige enough for prolong oil production if the wislicompleted far
away from the sealing boundary. On the other htawier instantaneous source functions are writterafgers with
constant-pressure boundaries owing to the factetkigrnal fluids precipitate steady-state once #reyfelt.

Results of all the possible instantaneous sournetifans are shown iifable 1 Thirty-two (32) different models
were identified, comprising (1) normal (2) vertigainverted small letter ‘h’ architectures and dapiletter ‘H’
architectures. The tops of all the normal and thigdms of all the vertically inverted letter ‘h’cnitectures have,
along the x-axes, ‘infinitely far away’ and one lsela or constant-pressured pair of external bouedari
Furthermore, the bottoms of all the normal and twipall the vertically inverted latter ‘h’ architezes have a pair
of external boundaries, which may be sealed orteobpressured. In other words, the normal andriaddetter ‘h’
architectures have three (3) external boundaribgshamay be sealed or constant-pressured. Howthare are four
(4) external boundaries that may be sealed or antigressured in the letter ‘H’ architecture. Tloenm; letter ‘H’
architecture produces inversions which are idehtacthe normal for all sealing and all constaregsured external
boundaries, but turns all top layers bottom anc wiersa for all vertically inverted letter ‘H’ aiitdctures. For
horizontally inverted letter ‘H’ architectures, #fle well tops are turned bottoms, and vice versa.

In both latter ‘h” and ‘H’ architectures, all theps of Layer 2 and bottoms of Layer 1 are ‘infilyitéar away’
external boundaries. Hence, all the source funstadong the z-axes are the same, and therefofeeafame kind,
I(z). if transients reach the interface first, thefinite-acting flow would cease and steady-stateild set in. since
the interface might be felt first (and the infinteundary never felt), source functions for z-axgd are suggested
for Layer 1 and vi(z) for Layer 2.

Table 1: Description of Relevant Source Functions

SIN Model Instantaneous Source Function
Diagram
X-axis Z-axis Layer 1 Layer 2
1. Top layers, sealedTop layer, infinite top, Eill(X).1(y).I(z) Eul1(X).1(y).vi(z)
— bottom, infinite top.| interface bottom| Eyvii(x).I(y).1(z) Epvii(x).1(y).1(2)
- Bottom layer, sealed Bottom layer, interface E,vii(x).1(y).v(z) Eiii(x).1(y).1(z)
ends top, infinite bottom ELiii(x).1(y).1(2) E2vii(x).1(y).vi(z)
ELiii(x).1(y).v(z) E,l1(x).1(y).1(2)
2. Top layer, constant-Top layer, infinite top, Ejll(X).1(y).1(z) Exl1(x).1(y).1(2)
— pressure at bottom,interface bottom| Eyvii(x).I(y).1(z) Euvi(x).1(y).1(2)
— infinite  top. Bottom| Bottom layer, interface E,vii(x).1(y).v(z) E,l1(x).1(y).vi(z)
layer, sealed ends top, infinite bottom E4iii(x).1(y).1(2)
E4iii(x).1(y).v(z)
3. Top layer, sealed Top layer, infinite top,| Eill(X).I(y).l(z) Eul1(X).1(y).vi(z)
— | bottom, infinite top.| interface bottom| Evi(x).1(y).I(z) Euvii(x).1(y).lI(2)
_,t' Bottom layer, constant- Bottom layer, interface E;lI(X).I(y).v(z) E,iii(x).1(y).l1(z)
pressure at bottom,top, infinite bottom E2vii(x).1(y).vi(z)
sealed top E,ll(x).1(y).1(2)
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4, Top layer, sealed Top layer, infinite top, E:V(X).I(y).I(z) Exl(X).1(y).I(2)
— bottom, infinite top.| interface bottom| E4ll(X).I(y).I(z) Euvi(X).1(y).1(2)
_ Bottom layer, sealed Bottom layer, interface Ell(x).1(y).v(z) Eul1(X).1(y).vi(z)
bottom, constantt top, infinite bottom
pressure at top
5. Top layer, constant-Top layer, infinite top, Ejll(x).1(y).l1(z) Exl1(x).1(y).1(2)
> pressure at bottom,interface bottom| Evi(x).1(y).I(2) Euvi(x).1(y).1(2)
—>t| infinite  top. Bottom| Bottom layer, interface E;ll(x).I(y).v(z) E,l1(x).1(y).vi(z)
layer, constant-pressutetop, infinite bottom
at bottom, sealed top
6. R Top layer, constant-Top layer, infinite top, Ejviii(x).l1(y).I(z) Exl1(x).1(y).1(2)
g pressure at bottom,interface bottom| Ejll(x).I(y).1(z) Euvi(x).1(y).1(2)
_.rth_ infinite  top. Bottom| Bottom layer, interface Ell(x).1(y).v(z) Exl1(X).1(y).vi(z)
layer, constant-pressuretop, infinite bottom
at both ends
7. Top layer, constant-Top layer, infinite top, E{V(X).I(y).l(z) Exl(X).1(y).I(2)
—> pressure at bottom,interface bottom| E4ll(X).I(y).I(z) Eovi(x).1(y).1(2)
—|<_ infinite  top. Bottom| Bottom layer, interface E;llI(x).1(y).v(z) E,l1(x).1(y).vi(z)
T layer, sealed bottom,top, infinite bottom
constant-pressure at top
8. Top layer, sealed Top layer, infinite top,| Eyviii(x).1(y).l1(z) Exl1(x).1(y).1(2)
— bottom, infinite top.| interface bottom| Ejll(xX).I(y).1(z) Euvi(x).1(y).1(2)
— Bottom layer, constant- Bottom layer, interface Ejll(x).1(y).v(z) E,l1(x).1(y).vi(z)
pressure at both ends | top, infinite bottom
9. Top layer, constantt Top layer, infinite top,| Ejll(X).1(y).v(z) Exl1(x).1(y).1(2)
- pressure at bottom,interface bottom| Eyvii(x).I(y).1(z) Euvi(x).1(y).1(2)
_ sealed top. Bottom layef,Bottom layer, interface Ejiii(x).1(y).v(z) Eul1(X).1(y).vi(z)
sealed bottom, infinite top, infinite bottom Eqvii(x).1(y).v(z) Euvi(X).1(y).vi(z)
top
10. Top layer, sealed ends.Top layer, infinite top,| Eill(X).1(y).v(z) Exl(X).1(y).I(2)
j Bottom layer, constant- interface bottom| Eyvii(x).1(y).1(2) Euvii(x).1(y).lI(2)
—— pressure at  botton), Bottom layer, interface Ejiii(x).1(y).1(z) Eovii(x).1(y).v(z)
infinite top top, infinite bottom Evii(x).1(y).v(2) Eyiii(x).1(y).1(2)
E(X).1(y).1(z) E,iii(x).1(y).v(z)
11. Top layer, sealed Top layer, infinite top, Ejll(x).1(y).v(2) Exv(x).1(y).1(2)
bottom, constanty interface bottom| Eyvii(x).I(y).1(z) Exl1(x).1(y).1(2)
_ pressure at top. BottomBottom layer, interface Ejiii(x).1(y).v(z) ExlI(X).1(y).v(z)
— layer, sealed bottom,top, infinite bottom Evii(x).1(y).v(2)
infinite top
12. Top layer, constantt Top layer, infinite top,| Eill(X).1(y).v(z) Euviii(x).1(y).1(z)

l
|

pressure at both end
Bottom layer, constant
pressure at bottoni
infinite top

sinterface bottom
- Bottom layer, interface
,top, infinite bottom

Evii(x).1(y).1(z)
ELiii(x).1(y).l1(2)
Eqvii(x).1(y).v(z)
E(X).1(y).I(2)

Exl1(X).1(y).I(2)
Eul(X).1(y).v(z)
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13.

U

Top layer, constant
pressure at both end
Bottom layer, seale
bottom, infinite top

- Top layer, infinite top,
sinterface bottom
| Bottom layer, interface

top, infinite bottom

El(X).1(y).v(2)
Evii(x).1(y).1(z)
E4iii(x).1(y).l(z)
Eqvii(x).1(y).v(z)
E(X).1(y).1(2)

Eov(X).1(y).1(2)
Exl(X).1(y).I(2)
Exll(X).1(y).v(z)

14. Top layer, sealed Top layer, infinite top, Eqll(x).1(y).v(z) Exl(X).1(y).I(2)
bottom, constanty interface bottom| Eyvii(x).I(y).l(z) Euvii(x).1(y).lI(2)
_ pressure at top. BottomBottom layer, interface Ejiii(x).1(y).v(z) Euvii(x).1(y).v(z)

> — layer, constant-pressuretop, infinite bottom Evii(x).1(y).v(z) Eiii(x).1(y).1(z)

at bottom, infinite top Eaiii(x).1(y).v(z)

15. Top layer, sealed ends.Top layer, infinite top,| Eill(X).1(y).v(z) Exl(X).1(y).I(2)
Bottom layer, sealed interface bottom| Eyvii(x).I(y).1(z) Euvi(x).1(y).1(2)

— bottom, infinite top Bottom layer, interface E;iii(x).1(y).1(z) E,l1(x).1(y).vi(z)
_ top, infinite bottom Evii(x).1(y).v(2) Eovi(x).1(y).vi(z)

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

16. Top and bottom layers, Top layer, infinite top,| Ejll(X).I1(y).1(z) Exl1(x).1(y).1(2)
sealed ends interface bottom| Eyvii(x).I(y).1(z) Epvii(x).1(y).1(2)
— Bottom layer, interface E,vii(x).1(y).v(z) Epvii(x).1(y).v(z)

— top, infinite bottom E4iii(x).1(y).l(z) Eiii(x).1(y).1(z)
E4iii(x).1(y).v(z) Eaiii(x).1(y).v(z)

17. Top layer, constantt Top layer, infinite top,| Eill(X).1(y).v(z) Exl(X).1(y).I(2)
—» —| | pressure at bottom,interface bottom| Eyvii(x).I(y).l(z) Evii(x).1(y).lI(z)
| | sealed top. Bottom layef,Bottom layer, interface Ejiii(x).1(y).v(z) Euvii(x).1(y).v(z)

sealed ends top, infinite bottom Eqvii(x).1(y).v(z) Esiii(x).1(y).1(z)

Eyiii(x).1(y).v(z)

18. Top layer, sealed ends.Top layer, infinite top,| Eill(X).I(y).I(z) Eul1(X).1(y).vi(z)

Bottom layer, constant- interface
bottom, Bottom layer, interface

pressure at

bottom

Evii(x).1(y).1(z)
Eqvii(x).1(y).v(z)

Euvii(x).1(y).lI(2)
EJiii(x).1(y).I(z)

pressure at both end
Bottom
ends

layer, seale

sinterface bottom
| Bottom layer, interface
top, infinite bottom

Evii(x).1(y).1(z)
E4iii(x).1(y).v(z)
Evii(x).1(y).v(2)

Exl(X).1(y).I(2)
Exl(X).1(y).v(z)

—— sealed top top, infinite bottom E4iii(x).1(y).1(z) E2vii(x).1(y).vi(z)
ELiii(x).1(y).v(z) Exl1(x).1(y).1(2)
19. Top layer, sealed Top layer, infinite top, Ejll(x).1(y).v(2) Exl1(x).1(y).1(2)
bottom, constanty interface bottom| Eyvii(x).I(y).1(z) Epvii(x).1(y).1(2)
I pressure at top. BottomBottom layer, interface Ejiii(x).1(y).v(z) Epvii(x).1(y).v(z)
- layer, sealed ends top, infinite bottom Eyvii(x).1(y).v(z) Eiii(x).1(y).1(z)
Eyiii(x).1(y).v(z)
20. Top layer, sealed ends.Top layer, infinite top,| Ejll(X).I(y).I(z) Exl1(x).1(y).1(2)
- Bottom layer, sealed interface bottom| Eyvii(x).1(y).1(2) Eovi(x).1(y).1(2)
bottom, constant; Bottom layer, interface Eyvii(x).l(y).v(z) Eul1(X).1(y).vi(z)
—*— | pressure at top top, infinite bottom E4iii(x).1(y).1(2)
E4iii(x).1(y).v(z)
21. Top layer, constantt Top layer, infinite top,| Eill(X).1(y).v(z) Exv(X).1(y).1(2)
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22. Top layer, sealed ends.Top layer, infinite top,| Eyviii(x).1(y).lI(z) Exl(X).1(y).I(2)
Bottom layer, constant- interface bottom| E4ll(X).I(y).I(z) Euvi(X).1(y).1(2)
— pressure at both ends | Bottom layer, interface Ell(x).1(y).v(z) Eul1(X).1(y).vi(z)
_ top, infinite bottom
23. Top layer, constantt Top layer, infinite top,| Ejll(X).I(y).l(z) Exl1(x).1(y).1(2)
_ pressure at bottom,interface bottom| Eyvii(x).I(y).1(z) Epvii(x).1(y).1(2)
g sealed top. Bottom layer, Bottom layer, interface Eyvii(x).1(y).v(z) Epvii(x).1(y).v(z)
— sealed bottom, constanttop, infinite bottom ELiii(x).1(y)-1(2) Euiii(x).1(y).1(z)
pressure at top ELiii(x).1(y).v(z) Eyiii(x).1(y).v(z)
24. Top layer, sealed Top layer, infinite top, Ejll(x).1(y).1(z) Exl1(x).1(y).1(2)
— |¢—| bottom, constantt interface bottom| Eyvii(x).I(y).l(z) Euvii(x).1(y).lI(2)
pressure at top. BottomBottom layer, interface Evii(x).1(y).v(z) Eovii(x).1(y).v(z)
- layer, constant-pressuretop, infinite bottom E4iii(x).1(y).1(2) Esiii(x).1(y).1(z)
at bottom, sealed top E4iii(x).1(y).v(z) Eaiii(x).1(y).v(z)
25. Both layers, constant-Top layer, infinite top,| Eill(X).I(y).I(z) Exl(X).1(y).I(2)
pressure at bottoms,interface bottom| Evi(x).1(y).I(z) Euvii(x).1(y).lI(2)
—» | | sealed tops Bottom layer, interface Ell(x).1(y).v(z) Euvii(x).1(y).v(z)
—r— top, infinite bottom Eyiii(x).1(y).1(2)
Eyiii(x).1(y).v(z)
26. Both layers, sealed Top layer, infinite top,| E;V(X).1(y).1(z) Exv(x).1(y).1(2)
bottoms, constantt interface bottom| Ejll(xX).I(y).1(z) Exl1(x).1(y).1(2)
— pressure at tops Bottom layer, interface E;llI(x).1(y).v(z) BExl(x).1(y).v(z)
— — top, infinite bottom
27. Top layer, constantt Top layer, infinite top,| Eyviii(x).1(y).lI(z) Exl(X).1(y).I(2)
- pressure at bottom,interface bottom| E4ll(X).I(y).1(z) Euvii(x).1(y).lI(2)
j—L sealed top. Bottom layer, Bottom layer, interface Ejll(x).I(y).v(z) Euvii(x).1(y).v(z)
- constant-pressure at bothop, infinite bottom Eaiii(x).1(y).1(z)
ends Eaiii(x).1(y).v(z)
28. Top layer, constantt Top layer, infinite top,| Eill(X).I(y).I(z) Exv(X).1(y).1(2)
__le_ | Pressure at both endsinterface bottom| Evi(x).1(y).I(2) Exl1(x).1(y).1(2)
Bottom layer, constant- Bottom layer, interface Ejll(x).1(y).v(z) Exl1(x).1(y).v(z)
k pressure at bottom,top, infinite bottom
sealed top
29. Top layer, sealed Top layer, infinite top,| Eyviii(x).1(y).I(z) Exv(x).1(y).1(2)
—<4—| bottom, constant} interface bottom| Ejll(xX).I(y).1(z) Ell(X).1(y).I(z)
—_|le__| pressure at top. BottomBottom layer, interface Ejll(x).l1(y).v(z) Exl1(x).1(y).v(z)
layer, constant-pressuretop, infinite bottom
at both ends
30. Top layer, constantt Top layer, infinite top,| E;V(X).1(y).l(z) Exv(X).1(y).1(2)

1

pressure at both end
Bottom layer, seale
bottom, constant
pressure at top

sinterface bottom
| Bottom layer, interface
top, infinite bottom

E(X).1(y).I(2)
El(X).1(y).v(2)

Exl(X).1(y).I(2)
Exl(X).1(y).v(z)
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31. Both layers, constant-Top layer, infinite top,| Eviii(x).I(y).I(z) Exv(X).1(y).1(2)
— || Pressure at both ends | interface bottom| E4ll(X).I(y).I(z) Exl(X).1(y).I(2)
Bottom layer, interface Ell(x).1(y).v(z) Exl(X).1(y).v(z)
— top, infinite bottom
32. Top layer, constantt Top layer, infinite top,| Ejll(X).1(y).v(z) Eviii(x).1(y).1(z)
—» pressure at bottom,interface bottom| Eyvii(x).I(y).1(z) Exl1(x).1(y).1(2)
J sealed top. Bottom layef,Bottom layer, interface Ejiii(x).1(y).v(z) Exl1(X).1(y).v(z)
—» — constant-pressure attop, infinite bottom Evii(x).1(y).v(2)
bottom, infinite top
Conclusion

Only transient pressure test analyses can satisiigcteveal the architecture of a layered researvimistantaneous
source functions for all the possible normal andited models of both letters ‘h’ and ‘H’ architeiets have been
derived and tabulated for the construction of presglistribution expressions required for formulgtiwell test
analysis procedures. The derivations show thah fovo-layered reservoir with ‘h’ or ‘H’ architectir
1. There are three (3) external boundaries which maysédmled or constant-pressured in both normal or
inverted letter ‘h’ architectures, and four (4)étter ‘H’ architecture.
2. A total of thirty-two (32) different models are mtHfiable with variations of sealing and constantgsure
boundaries.
3. All the architectures possess ‘infinitely far awayternal boundaries along the z-axes, excepnteeface.
4. The letter ‘H’ architecture produces inversionsathare identical to the normal for all sealing onstant-
pressure external boundaries.
5. Horizontal inversions turn well tops bottoms andttms tops while vertical inversions turn Layer 1
Layer2 and Layer 2 Layer 1.

Nomenclature

E; Late time flow boundary effects constant for Layer
E, Late time flow boundary effects constant for Lager
0] Axial flow directions X, y, or z
[ Distances in X, y, or z directions, ft
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