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Abstract

Two-layered reservoirs with a vertical well in thep layer and with
letter ‘B’ architecture, is encountered very freqoy in practice.
Instantaneous source functions, which can be utdiz in constructing
pressure distributions for the purpose of fully chacterizing such
reservoirs, are derived in this paper.

Results show that sixty-four (64) different variatis are possible, as a
result of six (6) different external boundaries, \Wdh may be considered
sealed or constant-pressured. With the interfacesalconsidered as a
constant-pressure boundary, it is observed that there the number of
constant-pressure external boundaries, the fewee teource functions
that could be written and vice-versa. Furthermorenly sources of the
kind 1(i) can be written for the vertical wells whe sources of the kinds
I(i), vi(i) and iii(i) are possible for only the »axes of the horizontal well
layer.

Introduction

Part | and Il of this serié$ derived instantaneous source functions for a ayesled reservoir with letter ‘A’
and letter ‘'S’ architecture, respectively. In thasehitectures, horizontal wells were drilled ie fayers. In this Part
[1l, the frontiers of Part | and Il are extendeddter ‘B’ architecture but with Layer 2 (top layeompleted with a
vertical well. This configuration may result fromatér-in-life well re-entry with a horizontal wellftar initial
completion with a vertical well in a reservoir iaity thought to be singled-layered. It could atesult from an oil
recovery project, where a horizontal well is ddll® mobilize oil into an already existing vertieatll or vice versa,
under favourable technical and economic conditions.

Reference 3 derived instantaneous source funcfimnsome selected two-layered reservoir with lat@r
architecture but with both layers completed withaaizontal wells. Because this architecture is entered more
frequently in practice, this paper explores morghaf possible configurations, especially with exé¢rconstant-
pressure applications.

Source and Green'’s functions in Refs.4 and 5 angkAgix of Ref. 1 are applied in this paper.

Letter ‘B’ Two- Layered Reservoir Geometry Desdopt

Fig. 1 is a two-layered reservoir bounded on allesiternal boundaries and with a crossflow intexfhetween
its upper and lower boundaries, hence the lettératBhitecture. The upper layer (Layer 2) is corngdewith a
vertical well while the lower layer is completedtiwia horizontal well. A vertical well drains in 2@@hile a
horizontal well drains in 3D. In both wells, flovaie be governed chiefly by the nature of its resedvoundaries,
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apart from well completion. An external constanégsure boundary is capable of bringing flow in aittvell to
ultimate, irreversible steady-state. Therefore, fwolong production of clean oil, well location lbeces an
important factor. Instantaneous sources and Grdantgions will be written down for all possible Wkcation in
each layer, for the purpose of deriving the neeggs@ssure distribution.

Results and Discussion

Several well locations were considered for the svéll the layers in writing relevant instantaneoasree
functions. The functions showing the effects ofical boundaries, like constant-pressure and iatexfare written
down, where they exist. Another instantaneous sofinaction that is not affected by boundary of &mgd, i.e., the
mandatory infinite-acting flow, is also written dowior all models considered. Well location does affect the
number of flow directions in the wells but can sgty affect the number of flow periods in the wetlspecially
horizontal wells. For this reason, both central affecentered horizontal well locations are considie

1
Nomenclature
1, 3 Vertical Well
2 2 Interface
Layer 2 5 Horizontal Well
C I
Layer 1

Fig. 1: A-B-Shaped Two-Layered Reservoir Architecture
with Vertical Well in the Upper Layer

Table 1 is a tabulation of results obtained. Sixty-foud)&ifferent models emerged. With the interface
assumed as a constant-pressure boundary, eachhiaydhree external boundaries that can experienestant-
pressure or be sealed.

All the instantaneous source functions for theigaltwells are of the kind I(i) on account of rddiaw largely
encountered in vertical wells. The constants,iftall the suggested source functions are meafutilty characterize
the vertical well flow transients at the inceptiohan external boundary, which may result in psetedy or
steady-state flow, after the natural infinite-agtifiow. Instantaneous source functions of the kimd= f) are
suggested to account for interface effect in all thodels. Source functions of the kind I(x=0) af(iX.) are
suggested for constant-pressure boundaries aleng-#xes, wherever they occur. 1(x=0) means thatcdnstant-
pressure is at the starting edge of the layer @) means that the constant-pressure is at the fitgsgnd of the
layer. However, some factors may prevent the pemca of these kinds of external boundaries (inmgi\donstant-
pressure) even if they are physically present.

Given the bounded nature of the lateral boundafesyer 1, the horizontal wells in this layer gmr@sumed to
experience any of the three kinds of source sthenigt the x-axes unless any boundary there is staonpressure
boundary. These are (1) early time infinite-acsogrce strength for central well location, (2) afinite slab source
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strength in an infinite slab reservoir, and (3)asgble infinite plane source in infinite slab mesdr, owing to off-
centered well location. These are source numb@)s\i(i), and iii(i), respectively. It is obserdethat the more the
number of external boundaries with constant-presgte fewer the number of source functions thattewritten
down. For example, Models 1 to 7 have more instadas source functions than Models 18, 19, 51 tlei€is so
because once one constant-pressure boundary ,istHeltexistence of all other boundaries, whethedirsg or
another constant-pressure, will not be felt underdame transient regime, if the external fluideeheomparatively
larger compressibilities than the produced fluids.
All the z-axes source functions at late times afmite plane sources in infinite slab reservoith an upper
constant-pressure interface an lower boundary wiiak be sealed or constant-pressured. Howevearigt tames,
even the z-axes sources are considered to be kirtthé(i) in all models for Layer 1.

In all the models, the y-axes contribute infinitane sources in infinite reservoirs; that is, tlegizontal wells
are considered as line sources.

Table 1: Description of Relevant Source Functions

S Model Instantaneous Source Function
/N Diagram
X-axis Z-axis Layer 1 Layer 2
1. Both layers Top layer, sealed Evii(x).1(y).v(2) E,l(X).1(2)
L sealed at both ends | top, interface at bottom. El(X).1(y).v(2) Exl(x).1(y)
Bottom layer, sealed at ELiii(x).1(y).1(2) El(y).1(2)
_ bottom, interface at top
2 Both layers Top layer, constant- Evii(x).1(y).v(2) El(x).1(z=0)
| l sealed at both ends | pressure at top, interface El(X).1(y).v(2) Exl(x).1(y)
L at bottom. Bottom layer, E4iii(x).1(y).lI(z) Eol(x).1(z=f)
sealed bottom, interface]
— at top
3. | Top layer, Top layer, sealed Eqvii(x).1(y).v(z) E,l(x=0).1(z=f)
N 1T constant-pressure at| top, interface at bottom. El1(X).1(y).v(z) Eol(X).1(2)
bottom, sealed top. | Bottom layer, sealed at ELiii(x).1(y).1(2) Byl (x).1(z=f)
— Bottom layer, sealed | bottom, interface at top
ends
4. Top layer, sealed Top layer, sealed Ex(X).1(y).v(z) Bl (X).1(2)
| ends. Bottom layer, | top, interface at bottom. EL1(xX).1(y).v(z) Eol(x).1(y)
1 constant-pressure at| Bottom layer, sealed at E(X).1(y).1(2) El(y).1(2)
—p| — || bottom, sealed top | bottom, interface at top
5. Top layer, Top layer, sealed Eqvii(x).1(y).v(z) Eol(x=X¢).1(z=0)
I constant-pressure at| top, interface at bottom. E1l1(x).1(y).v(z) Eol(X).1(y)
L 4 | top, sealed bottom. | Bottom layer, sealed at E4iii(x).1(y).l1(2) Eol(x).1(z=f)
- Bottom layer, sealed| bottom, interface at top Eol(x=0).1(y)
ends
6. I Top layer, sealed Top layer, sealed E1ix(X).1(y).v(z) Eol(X).1(2)
1 ends. Bottom layer | top, interface at bottom. EL(X).1(y).1(2) Eol(x).1(y)
___ le | constant-pressure at| Bottom layer, sealed at El(X).1(y).v(2) El(y).1(2)
top, sealed bottom | bottom, interface at top
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7. | Both layers Top layer, sealed E; Eol(X).1(2)
1 sealed at both ends | top, interface bottom| vii(x).I(y).iv(z) Exl(x).1(y)
— Bottom layer, constant- Eqiii(x).1(y).iv(z) | Exl(y).l(z)
* pressure at bottomn, E4iii(x).1(y).1(2)
interface at top E(X).1(y).1(z)
8. ¢ Top Iayer,l1 Top layer, constantt Eyvii(x).1(y).v(z) E,l(x=0).1(z=0)
| constant-pressure  atpressure at top, interfage  E;llI(x).1(y).v(2) BEol(x=x¢).1(z=f)
» L bottom, sealed top.at bottom. Bottom layer, Eqiii(x).1(y).1(2) Exl(x).1(y)
- Bottom layer, sealed sealed bottom, interface Eol(x).1(z)
ends at top
9. Top layer, sealed Top layer, constantt Eyvii(x).1(y).v(z) Eol(x=X¢).1(z=0)
|¢ bottom, constant} pressure top, interface at  Ejll(x).1(y).v(2) Byl (x).1(z=f)
1 ¢_| Pressure  at  top. bottom. Bottom layer Eqiii(x).1(y).1(z) Exl(x).1(y)
Bottom layer, sealed sealed bottom, interface Eol(X).1(2)
N ends at top
10. Top layer, sealed Top layer, constantt Ex(X).1(y).v(2) El(x).1(z=0)
N ends. Bottom layer| pressure at top, interfage  E;ll(X).1(y).v(2) Exl(x).1(y)
T constant-pressure atat bottom. Bottom layer,, Eql1(X).1(y).I(2) Eol(x).1(z=f)
bottom, sealed top | sealed bottom, interface
g P— at top
11. Top layer, sealed Top layer, constantt Eix(X).1(y).v(2) E,l(x).1(z=0)
| ¢ ends. Bottom layer| pressure at top, interfage  E;ll(x).1(y).1(2) Exl(x).1(y)
1 sealed bottom| at bottom. Bottom layer, Eql1(X).1(y).v(z) E,l(x).1(z=f)
P constant-pressure atsealed bottom, interface
top at top
12. Both layers Top layer, constantr Eq vii(x).1(y).iv(z) El(x).1(z=0)
I ¢ sealed at both ends | pressure at top, interfage  Ejiii(X).1(y).iv(z) Eol(X).1(y)
il at bottom. Bottom layer, Eqiii(x).1(y).1(z) Eol(x).1(z=f)
- constant-pressure at  Ell(X).1(y).1(z)
T bottom, interface at top
13. Top and bottom Top layer, sealed Ex(X).1(y).v(2) E,l(x=0).1(y)
| layers, constant; top, interface at bottor. Eql1(X).1(y).v(z) E,l(x).1(z=f)
—» 1 pressure at bottoms,Bottom layer, sealed at Eql1(X).1(y).1(2) Exl(x).1(y)
sealed tops bottom, interface at top
_’ —_—
14. I Top layer, Top layer, sealed Eqvii(x).1(y).v(z) E,l(x=0).1(y)
N L € | constant-pressure  attop, interface at bottom. Eql1(X).1(y).v(z) Eol(x=Xg).1(y)
_ both ends. Bottom Bottom layer, sealed at Eqiii(x).1(y).1(2) E,l(x).1(z=f)
layer, sealed ends bottom, interface at top E,l(x).1(z=0)
15. | Top layer, Top layer, sealed Eix(X).1(y).v(2) E,l(x=0).1(y)
N L € | constant-pressure  attop, interface at bottom). Eql1(X).1(y)-1(2) Byl (x).1(z=f)
- bottom, sealed top.Bottom layer, sealed at Eql(X).1(y).v(z) Eol(x).1(z=f)
Bottom layer, sealed bottom, interface at top
bottom, constant
pressure at top
16. | Top layer, Top layer, sealed Eq vii(x).1(y).iv(z) E,l(x=0).1(y)
N 1 constant-pressure  attop, interface at bottom. Eqiii(x).1(y).iv(z) Eol(x).1(z=f)
— bottom, sealed top.Bottom layer, sealed at Eqiii(x).1(y).1(z) Eol(x).1(z=f)
Bottom layer, sealed bottom, interface at top Eql1(X).1(y).I(2)

T

ends
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17. | ¥ Top Iayer,:Jal Top layer, constantt E1ix(X).1(y).v(2) E,l(x=0).1(y)
N <« constant-pressure atpressure at top, interfage  Ejll(X).1(y).1(z) Eol(x=X¢).1(z=0)
< both ends. Bottom at bottom. Bottom layer, Eql1(X).1(y).v(z) Exl(x).1(y)
I layer, sealed botton), sealed bottom, interface El(X).1(z=f)
constant-pressure  atat top
top
18. Top layer, Top layer, constantt By vii(x).1(y).iv(z) E,l(x=0).1(y)
J_* constant-pressure  atpressure at top, interfage  Ejiii(X).1(y).iv(z) Exl(x=X¢).1(z=0)
> 4| both ends. Bottom at bottom. Bottom layer,, ELiii(x).1(y).1(z) Eol(x).1(y)
— layer, sealed ends | constant-pressure at  El(X).1(y).1(2) Byl (x).1(z=f)
4 bottom, interface at top
19. N Top layer, Top layer, constantt Eix(X).1(y).v(2) E,l(x=0).1(y)
T constant-pressure  atpressure at top, interfage  Ejll(X).1(y).v(2) Eol(x=x¢).1(z=0)
> 1 both ends. Botton at bottom. Bottom layer, Eql1(X).1(y).I(2) Exl(x).1(y)
> — layer, constanty interface at top, sealed Eol(x).1(z=f)
pressure at bottom, bottom
sealed top
20. Top layer, sealed Top layer, sealed Eqviii(x).1(y).iv(z) Eol(x=x¢).1(z=f)
| bottom, constanti top, interface at bottor. Eql1(X).1(y).iv(z) Exl(x).1(y)
> 1 4| pressure at top. Bottom layer, interface Eqviii(x).1(y).1(z) Eol(x).1(z=f)
—— |« Bottom layer,| at top, constant-pressure
) constant-pressure  atat bottom
both ends
21. | Top layer, Top layer, sealed Eyviii(x).1(y).iv(z) E,l(x=0).1(z=f)
> L constant-pressure  attop, interface at bottom). El(X).1(y).iv(z) Eol(x).1(y)
> — |e bottom, sealed top.Bottom layer, interface Eqviii(x).1(y).1(z) Eol(x).1(z=f)
Bottom layer,| at top, constant-pressufe
T constant-pressure  atat bottom
both ends
2. |¢ Top layer, sealed Top layer, constantt Eqviii(x).1(y).iv(z) E,l(x=0).1(z=0)
1 ends. Bottom layer| pressure at top, interfage  Ejll(X).I(y).iv(z) Exl(x).1(y)
p—— constant-pressure  atat bottom. Bottom layer,, Eqviii(x).1(y).1(z) Eol(x).1(z=f)
> both ends interface at top, constant-
T pressure at bottom
23. |¢ Top layer, sealed Top layer, constantt Eix(X).1(y).v(z) Exl(x=X¢).1(z=0)
1T « bottom, constant} pressure at top, interfage  Ejll(x).1(y).v(2) Exl(x).1(y)
pressure at top.at bottom. Bottom layer, Eql1(X).1(y).1(2) E,l(x).1(z=f)
> Bottom layer,| interface at top, sealed
constant-pressure  atbottom
bottom, sealed top
24, Top layer, Top layer, constantt E1ix(X).1(y).v(2) E,l(x=0).1(z=0)
|¢ constant-pressure pressure at top, interfage  Ejll(x).1(y).lI(z) Exl(x).1(y)
> L bottom, sealed top.at bottom. Bottom layer, Eql1(X).1(y).v(z) Eol(x).1(z=f)
—— |e| Bottom layer, sealed interface at top, sealed
bottom, constant; bottom
pressure at top
25. I¢ Top layer, Top layer, constantt Eyvii(x).1(y).v(z) E,l(x=0).1(z=0)
BT e constant-pressure  atpressure at top, interfage  E;llI(x).1(y).v(2) Exl(x).1(y)
both ends. Bottom at bottom. Bottom layer, Eqiii(x).1(y).1(2) BEol(x=x,).1(z=f)

layer, sealed ends

interface at top, seale
bottom

o

Exl(x=X¢).1(z=0)
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26. Top layer, sealed Top layer, constantt Eqviii(x).1(y).v(z) El(x).1(z=0)
I¢ ends. Bottom layer| pressure at top, interfage  Eyviii(x).l(y).I(z) Exl(x).1(y)
L constant-pressure  atat bottom. Bottom layer,, Eql1(X).1(y).v(z) Eol(x).1(z=f)
| — l&| both ends interface at top, sealed
bottom
27. Top layer, Top layer, sealed Eix(X).1(y).v(2) E,l(x=0).1(z=f)
| constant-pressure  attop, interface at bottom). Eql1(X).1(y).v(z) Exl(x).1(y)
> 1 |« | both ends. Bottom Bottom layer, sealed at E(X).1(y).I(z) Eol(x=Xg).1(y)
I layer, constanty bottom, interface at top BEol(x=x¢).1(z=f)
pressure at bottom,
sealed top
28. Top layer, Top layer, sealed Eix(X).1(y).v(2) E,l(x=0).1(z=f)
| constant-pressure  attop, interface at bottom. Eql1(X).1(y).I(2) E,l(x).1(y)
N | || both ends. Bottom Bottom layer, sealed at Eql1(X).1(y).v(z) Eol(x=Xg).1(y)
— layer, sealed bottomn), bottom, interface at top Eol(x=x¢).1(z=f)
constant-pressure  at
top
29. ¢ Both layers, Top layer, constantt Ex(X).1(y).v(2) E,l(x=0).1(z=f)
Jl_ constant-pressure  atpressure at top, interfage  E;llI(x).1(y).v(2) Exl(x).1(y)
) bottom. at bottom. Bottom layer, Eql1(X).1(y)-1(2) E,l(x).1(z=0)
» — interface at top, sealed E,l(x).1(z=f)
bottom
30. Top layer, Top layer, sealed Eyviii(x).1(y).v(z) E,l(x=0).1(z=0)
Jl_ constant-pressure  attop, interface at bottom). Eyviii(x).1(y).1(z) E,l(x).1(y)
> bottom, sealed top.Bottom layer, sealed at Eql1(X).1(y).v(z) E,l(x).1(z=f)
—» —— 4| Bottom layer,| bottom, interface at top
constant-pressure  at
both ends
31. | Top layer, sealed Top layer, sealed Eqviii(x).1(y).v(z) Eol(x=x¢).1(z=f)
| |e| bottom, constant; top, interface at botton. Eqviii(x).1(y).1(z) Eul(x).1(y)
| —_ || Pressure  at  top Bottom layer, sealed at Eql1(X).1(y).v(z)
Bottom layer,| bottom, interface at top
constant-pressure  at
both ends
32. Both layers, Top layer, constantt Eix(X).1(y).v(2) Exl(x=X¢).1(z=0)
|¢ constant-pressure  atpressure at top, interfage  E;ll(x).1(y).1(2) BEol(x=xg).1(z=f)
1L J|e tops, sealed bottoms| at bottom. Bottom layer] El(X).1(y).v(z) Eol(x).1(y)
— le interface at top, sealed
bottom
33. |¢ Top layer, sealed Top layer, constantr Eqix(X).1(y).iv(z) El(x).1(z=0)
1 ends. Bottom layer| pressure at top, interfage  Ejll(X).I1(y).iv(z) Eol(x).1(z=f)
e sealed bottom| at bottom. Bottom layer, E; ix(X).1(y).lI(2) Exl(x).1(y)
constant-pressure  atinterface at top, constant-
4 top pressure at bottom
34. ¢ Top layer, sealed Top layer, constantt Eq vii(x).1(y).iv(z) Eol(x=X¢).1(z=0)
Jl_ bottom, constant} pressure at top, interfage  Ejiii(x).1(y).iv(z) E,l(x).1(z=f)
*| pressure at  top|. at bottom. Bottom layer, Eqiii(x).1(y).1(2) E,l(x).1(y)
— Bottom layer, sealed interface at top, constant-  Ejll(x).1(y).1(2)
4 ends pressure at bottom
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35. Top layer, sealed Top layer, constantt EXx(X).1(y).iv(z) El(x).1(z=0)
I ¢ ends. Bottom layer| pressure at top, interfage  Ejll(x).1(y).iv(2) E,l(x).1(z=f)
1 constant-pressure atat bottom. Bottom layer,, E x(X).1(y).1(z) Exl(x).1(y)
- bottom, sealed top | interface at top, constant-
bottom
X pressure at
36. ¢ Top layer, Top layer, constantt Ey vii(x).1(y).iv(z) E,l(x=0).1(z=f)
Jl_ constant-pressure  atpressure at top, interfage  Ejiii(X).1(y).iv(z) E,l(x=0).1(z=0)
i bottom, sealed top.at bottom. Bottom layer, Eqiii(x).1(y).1(2) Exl(x).1(y)
— Bottom layer, sealed interface at top, constant-  Ejll(x).1(y).1(2)
4 ends pressure at bottom
37. | Top layer, Top layer, sealed Eix(X).1(y).iv(z) BEol(x=x,).1(z=f)
1T e constant-pressure  attop, interface at bottom. Eql1(X).1(y).iv(z) Exl(x).1(y)
top, sealed bottom. Bottom layer, interface E x(X).1(y).1(z)
g T Bottom layer,| at top, constant-pressufe
constant-pressure  atat bottom
bottom, sealed top
38. | Top layer, Top layer, sealed Eix(X).1(y).iv(z) E,l(x=0).1(z=f)
. 1 constant-pressure  attop, interface at bottom. Eql1(X).1(y).iv(z) Exl(x).1(y)
bottom, sealed top.Bottom layer, interface E; ix(X).1(y)-1(z)
—— I*| Bottom layer, sealed at top, constant-pressure
4 bottom, constant; at bottom
pressure top
39. | Both layers, Top layer, sealed Eix(X).1(y).iv(z) E,l(x=0).1(z=f)
N T constant-pressure top, interface at bottom. Eql1(X).1(y).iv(z) Exl(x).1(y)
> bottoms, sealed tops| Bottom layer, interface E x(x).1(y).1(z)
- at top, constant-pressufe
4 at bottom
40. | Both layers, Top layer, sealed E1ix(X).1(y).iv(z) Eol(x=x¢).1(z=f)
1 ¢ | constant-pressure top, interface at bottom. Eql1(X).1(y).iv(z) Exl(x).1(y)
— e tops, sealed bottoms| Bottom layer, interface E; ix(X).1(y).l(2)
at top, constant-pressufe
7
at bottom
41. | Top layer, sealed Top layer, sealed Eyviii(x).1(y).iv(z) BEol(x=xg).1(z=f)
T ends. Bottom layer top, interface at bottom). Eql1(X).1(y).iv(z) Exl(x).1(y)
constant-pressure  atBottom layer, interface E; viii(x).1(y).1(2)
—» T * | both ends at top, constant-pressure
at bottom
42. | Top layer, Top layer, sealed B, vii(x).1(y).iv(z) BEol(x=Xg).1(z=f)
—» L le| constant-pressure attop, interface at botton. Eqiii(x).1(y).iv(z) E,l(x=0).1(z=f)
— both ends. Bottom Bottom layer, interface Eqiii(x).1(y).1(z) Exl(x).1(y)
5 layer, sealed ends | at tt)op, constant-pressure  ElI(x).1(y).l1(z)
at bottom
43, | Top layer, Top layer, sealed Eqvii(x).1(y).v(z) Eol(x=x¢).1(z=f)
. | e | cOnstant-pressure  attop, interface at botton. Eql1(X).1(y).v(z) E,l(x=0).1(z=f)
both ends. Bottom Bottom layer, sealed at Eqiii(x).1(y).1(z) Eul(x).1(y)
— layer, sealed ends | bottom, interface at top
44, I* Top layer, sealed Top layer, constantt Eix(X).1(y).v(2) E,l(x).1(z=0)
T ends. Bottom layer| pressure at top, interfage  E;ll(x).1(y).v(2) E,l(x).1(z=f)
constant-pressure  atat bottom. Bottom layer,, Eql1(X).1(y)-1(2) Exl(x).1(y)
> — bottom, sealed top | interface at top, sealed

bottom
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45, Top layer, sealed Top layer, constantt Eqvii(x).1(y).v(z) Eol(x=X¢).1(z=0)
|¢ bottom, constanty pressure at top, interfage  EjllI(X).1(y).v(2) Eol(x).1(z=f)
1L 4| pressure at top. at bottom. Bottom layer, ELiii(x).1(y).1(z) Eol(X).1(y)
—_ Bottom layer, sealed interface at top, sealed
ends bottom
46. I¢ Top layer, Top layer, constantt Evii(x).1(y).v(z) E,l(x=0).1(z=f)
T constant-pressure  atpressure at top, interfage  E;llI(x).1(y).v(2) E,l(x=0).1(z=0)
> bottom, sealed top.at bottom. Bottom layer, Eqiii(x).1(y).1(2) Exl(x).1(y)
- Bottom layer, sealed interface at top, sealed
ends bottom
47. | Both layers, Top layer, sealed Eix(X).1(y).v(2) BEol(x=x¢).1(z=f)
T constant-pressure  attop, interface at bottom. Eql1(X).1(y).I(2) Eul(x).1(y)
Dl tops, sealed bottoms| Bottom layer, sealed at Eql1(X).1(y).v(z)
— bottom, interface at top
48. | Top layer, sealed Top layer, sealed Ex(X).1(y).v(2) Eol(x=x¢).1(z=f)
1T — bottom, constant; top, interface at botton. Eql1(X).1(y).v(z) Exl(x).1(y)
pressure at top. Bottom layer, sealed at Eql1(X).1(y).I(2)
S Bottom layer,| bottom, interface at top
constant-pressure,
sealed top
49. | Top layer, sealed Top layer, constantt Eyviii(x).1(y).v(z) BEol(x=x,).1(z=f)
1 ¢ | bottom, constant pressure at top, interfage  Eyviii(x).1(y).1(z) Exl(x=X¢).1(z=0)
» __ |e_| Pressure at top.at bottom. Bottom layer, Eql1(X).1(y).v(z) E,l(x).1(y)
Bottom layer,| interface at top, sealed
constant-pressure  atbottom
both ends
50. | Top layer, constantt Top layer, sealed Ex(X).1(y).v(2) E,l(x=0).1(z=f)
N 1 |,__| pressure at both endstop, interface at bottomn. Eql1(X).1(y).v(z) Eol(x=x¢).1(z=f)
| Bottom layer,| Bottom layer, sealed at E1l1(X).1(y).I(2) Exl(x).1(y)
> — constant-pressure  atbottom, interface at top
bottom, sealed top
51. Both layers, Top layer, constantt Eyviii(x).1(y).iv(z) E,l(x=0).1(z=f)
|¢ constant-pressure  atpressure at top, interfage  Ejll(X).I(y).iv(2) Exl(x=X¢).1(z=0)
> 1 4— both ends at bottom. Bottom layer, E; viii(x).1(y).1(z) Eol(x=Xg).1(z=f)
> — interface at top, constant- E,l(x=0).1(z=0)
f pressure at bottom Exl(x).1(y)
52. I* Both layers, Top layer, constantt Eyviii(x).1(y).v(z) E,l(x=0).1(z=f)
T constant-pressure  atpressure at top, interfage  Eqviii(x).1(y).l1(z) Eol(x=X¢).1(z=0)
> “—| both ends at bottom. Bottom layer, Eql1(X).1(y).v(z) Eol(x=x¢).1(z=f)
> — [ interface at top, sealed E,l(x=0).1(z=0)
bottom Exl(x).1(y)
53. N Top layer, Top layer, constantt Eqviii(x).1(y).iv(z) E,l(x=0).1(z=f)
N T constant-pressure  atpressure at top, interfage  Ejll(X).I(y).iv(z) E,l(x=0).1(z=0)
bottom, sealed top.at bottom. Bottom layer, E; viii(X).1(y).1(2) Exl(x).1(y)
»— | Bottom layer,| interface at top, constant-
4 constant-pressure  atpressure at bottom
both ends
54. |¢ Top layer, Top layer, constantt Eix(X).1(y).iv(z) E,l(x=0).1(z=f)
constant-pressure  atpressure at top, interfage  Ejll(X).I(y).iv(2) Exl(x=X¢).1(z=0)

L e
—

both ends.

constant-pressure

Botton
layer, sealed bottomn, interface at top, constan

at bottom. Bottom layer|

t

?tpressure at bottom

E; ix(X).1(y)-1(z)

BEol(x=x¢).1(z=f)
E,l(x=0).1(z=0)
El(x).1(y)
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top

55. N Top layer, sealed Top layer, constantt Eyviii(x).1(y).iv(z) Exl(x=X¢).1(z=0)
1 || bottom, constant} pressure at top, interfage  Ejll(x).1(y).iv(z) BEol(x=x¢).1(z=f)
> ¢ | Pressure at top. at bottom. Bottom layer,, E; viii(x).1(y).1(2) Exl(x).1(y)
Bottom layer,| interface at top, constant-
) constant-pressure  atpressure at bottom
both ends
56. Top layer, Top layer, constantt Eix(X).1(y).iv(z) E,l(x=0).1(z=f)
ﬁ constant-pressure  atpressure at top, interfage  Ell(X).I(y).iv(z) Eol(x=X¢).1(z=0)
> both ends. Bottom at bottom. Bottom layer, E x(X).1(y).1(z) Eol(x=x¢).1(z=f)
> — layer, constanty interface at top, constant- E,l(x=0).1(z=0)
f pressure at bottom), pressure at bottom Exl(x).1(y)
sealed top
57. Both layers, both Top layer, sealed Eqviii(x).1(y).iv(z) E,l(x=0).1(z=f)
h ends at constant-top, interface at bottom). Eql1(X).1(y).iv(z) BEol(x=xg).1(z=f)
> pressures Bottom layer, interface E; viii(x).1(y).1(2) Exl(x).1(y)
> — | at top, sealed bottom
5
58. | ¢ Both layers, Top layer, constantt Eix(X).1(y).iv(z) E,l(x=0).1(z=f)
T constant-pressures aijpressure at top, interfage  Ejll(X).I(y).iv(2) E,l(x=0).1(z=0)
> bottom, sealed tops | at bottom. Bottom layer, E x(x).1(y).1(z) Exl(x).1(y)
> — interface at top, constant-
A pressure at bottom
59. N Both layers, Top layer, constantr Eqix(X).1(y).iv(z) Eol(x=X¢).1(z=0)
T Pl constant-pressures apressure at top, interfage  Ejll(X).I(y).iv(z) Eol(x=x¢).1(z=f)
Pl tops, sealed bottoms| at bottom. Bottom layer] E; ix(X).1(y).l(2) Exl(x).1(y)
_ interface at top, constant-
* pressure at bottom
60. ¢ Top layer, sealed Top layer, constantt Eix(X).1(y).iv(z) E,l(x=0).1(z=f)
| top, constant-pressurepressure at top, interfage  Ejll(x).1(y).iv(z) E,l(x=0).1(z=0)
—-» L at bottom. Bottom at bottom. Bottom layer,, E; ix(X).1(y)-1(z) Exl(x).1(y)
— |&—| layer, sealed bottom,interface at top, constant-
A constant-pressure  atpressure at bottom
top
61. N Top layer, sealed Top layer, constantt Eix(X).1(y).iv(z) Exl(x=X¢).1(z=0)
T le bottom, constanty pressure at top, interfage  EqlI(X).1(y).iv(z) Eol(x=x¢).1(z=f)
pressure at top. at bottom. Bottom layer, E x(X).1(y).1(z) Eul(x).1(y)
> Bottom layer,| interface at top, constant-
4 constant-pressure  atpressure at bottom
bottom, sealed top
62. | Top layer, Top layer, sealed Eqix(X).1(y).iv(z) E,l(x=0).1(z=f)
S 1 e constant-pressures atop, interface at bottom). Eql1(X).1(y).iv(2) BEol(x=x,).1(z=f)
both ends. Bottom Bottom layer, interface E; ix(X).1(y)-1(z) Exl(x).1(y)
—— [*| layer, sealed bottom),at top, constant-pressufe
4 constant-pressure

top

Ttat bottom
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63. N Top Iayer,:Ji Top layer, constantt Eqviii(x).1(y).v(z) E,l(x=0).1(z=f)
N constant-pressure  atpressure at top, interfage  Eqviii(x).1(y).lI(z) E,l(x=0).1(z=0)
bottom, sealed top.at bottom. Bottom layer, Eql1(X).1(y).v(z) Exl(x).1(y)
—» — [*| Bottom layer,| interface at top, sealed
constant-pressure  atbottom
both ends
64. | Both layers, Top layer, sealed Eyviii(x).1(y).v(z) E,l(x=0).1(z=f)
o L e constant-pressures atop, interface at bottom). Eyviii(x).1(y).1(z) BEol(x=x,).1(z=f)
both ends Bottom layer, sealed at Eql1(X).1(y).v(z) Exl(x).1(y)
o — bottom, interface at top
Conclusion

Instantaneous source functions for a two-layeredrumir with letter ‘B’ architecture and with a tieal well in
the top layer have been tabulated. The externahdemies were varied with sealing and constant-press
boundaries. The interface was considered as peteneatnl therefore behaves as a constant-pressiwemaht

boundary. Compilation of all the possible instaetaus source functions shows that:

1. Sixty-four (64) different models are possible

2. There are six external boundaries defining the layered reservoir, which may be sealed or constant-
pressured

3. The vertical wells present source functions ofkimal 1(i) while those of horizontal wells are dfet kinds
11(i), vi(i) and iii(i) along the x-axes only

4. The more the number of external boundaries wittstaomt-pressure, the fewer the source functionscdrat

be written down, and vice versa

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