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Abstract

Instantaneous source functions have been compiled dabulated
for both normal and inverted two-layered reservoiof letter ‘e’
architecture. The source functions describe fluitbdv in horizontal wells
drilled in each layer. Possibility of the existenad all flow periods was
considered for each well.

Results obtained show that letter ‘e’ artgtture yields thirty-two
(32) different models with different variations ofts five external
boundaries, which may be sealed or constant-pressurThe inverted
architecture also yields thirty-two (32) differembodels of varying sealing
and constant-pressure boundaries. Vertical inverssoturns top of the
architecture bottom and bottom top, while horizohteaversion merely
turns the top of a horizontal well bottom and battotop. In other words,
all the forms (normal and inverted) of letter ‘e’ rahitecture will
collectively yield one hundred and twenty-eight 8)2different models
with different variations of sealing and constantgssure boundaries.
Finally, any form of the letter ‘e’ architecture ha one mandatory
‘infinitely far away’ external boundary.

1.0 Introduction

Two-layered reservoirs with normal and invertettiele‘e’ architecture are another reservoir architee
encountered in practice. Each of the layers maydrapleted with a vertical well or horizontal well
separately. On the other hand, for a permeablefacte (crossflow), the two layers may be drainegktber
with one well, whether a horizontal or vertical lvélhis is a more economical production option than
individual layer production, if the layers fluidswe close properties. Under primary fluid recovieom

the layers, natural external influences, such aemaflux or gas cap expansion, may necessita¢eiap
completion requirements to achieve optimum recaverghe same manner, when the layers are subjected
to fluid recovery by secondary or tertiary methoitiss still necessary to monitor injected fluid avoid
unwanted injected fluid breakthrough.

Thus, it is useful to understand the behavior ofhsueservoir systems for the purpose of correct
characterization and optimization. Hence, in théggr source functions are derived for these kirfds o
reservoir systems for the purpose of deriving ahadyéng their pressure and pressure derivative
distributions, which are important tools for res#ncharacterization. Some other architecturessardied

in Part II, Il and IV in a series.

Normal and Inverted Letter ‘e’ Two-Layered Reservoir Description
Figs. 1 aand b below show, respectively, the normal and invertdtket ‘e’ two-layered reservoirs with
horizontal well completions. The normal letter @'chitecture hathe upper layer fully bounded and the
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lower layer having two boundaries at right angled ane ‘infinitely far away’ boundary. That is, the
normal architecture has five (5) boundaries thag besealed or constant-pressured. Thereforernmstef
well location in each layer, the lower layer prasdasser restriction than the upper layer, bechager 1
has a larger sweep area than Layer 2 given the sataehistories, well type, layers and layers’ dlui
properties.

The inverted architecture on the other hand isntireor image of the normal architecture along digat
axis. That is, the upper layer of the inverted mdade two boundaries at right angles and an ‘itdigifar
away’ boundary while the lower layer has three lauies, thus affording five external boundaries taan
either be sealed or constant-pressured. In bothitactures, inter-layer crossflow fluid productiam
injection using one well may be marred severelyh®yunequal transient spread from one layer tohanot
because of the difference in sweep areas of théayers.

] E—

Nomenclature

1 Horizontal well in Layer
2 Interface

3Horizontal well in Lave

Fig. 1: Normal and Inverted Letter ‘e’ Two-Layered Reservoir Architectures

Derivation of Instantaneous Source Functions

A horizontal well is a three dimensional sourcentts all the instantaneous source functions aredupt

of three continuous sources from the x, y and eatiions. This is the Newton product methaased for
deriving solutions to 1D, 2D and 3D diffusivity eions governing fluid flow in reservoirs. The
directional continuous functions, either for eady late flow time, ae as listed in Refs. 1 to 4dan
reproduced in Appendix of Ref. 5. In these refeesncoman figure | and Il are used for Green'’s fions
(i.e., early time source functions) and i to xr, ffate time source functions. The roman figure biackets
after each roman figure denotes the directionaf/fin x, y or z direction. Attempts were made axmas
possible to contemplate all the possible flow pdsithat the horizontal wells might encounter.

The presence of an infinitely far away boundaryhe lower layer of the normal model and in the uppe
layer of the inverted model offers useful advantaféarge reservoir energy if wells in these layars
reasonably far away from the adjacent boundarthifis achieved, then the most prevalent instatas
source function is 11(x). I(y). 1(z), meaning thidthe well length along the x-axis is located la¢ tentre,
then well flow will never ‘see’ the adjacent boungaFurthermore, the instantaneous source functions
iii(x). 1(y).1(2), iii(x).1(y).iv(z) are suggestedo cater for situations where the wells are offteeed and the
vertical boundaries (along the z-axes) are felt. all the models identified, the y axes are conside
infinite.
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Results and Discussion

Table 1 is a compilation of sixty-four (64) modelsd their instantaneous source functions possile f
normal and inverted architectures. Models 1 toré2tlae normal architecture while Models 33 to 6 far
the inverted architecture. The inverted modelsdyisburce functions that are in the exact opposite
directions of the normal models as a result ofrtfireor image of Model 1. Hence, the top of Modeés the
bottom of Model 33, etc. but, if the mirror plareturned horizontally, the tops of all horizontatlls
become the bottoms of the image model as illustrateFig. 2 below. Therefore, for the four modess a
shown in Fig 2, there will be one hundred and tyaght (128) different models that can be generate
with sealed and constant-pressured boundaries.

Note that in all the models, no constant-pressorabary is imposed on ‘infinitely far away’ bounuss:
This is deliberately done since it is considereat Huch boundaries already possess sufficiently éngrgy
for fluid mobility. However, where well location wtd lead to eventual reduction of transient spraadg

a particular axis, the so called infinitely far gwgoundary would act as if it were also a sealedndary.
This behavior causes premature onset of pseudgs&ate behavior (heralding final drainage), if no
external constant-pressure boundary is felt earlibe source functions like vii(x) and iii(x) areggested
where this behavior is mostly likely to prevail.

_____________

Fig. 2: Mirror Inversions of Letter ‘e’ Architecture (Not to scale)

Examples are found in Layer 1 of Models 1, 2, 3,410, 14 and 18, and Layer 2 of Models 33, 36387

46, 47, 48 and 58. In general, models with morestam-pressure external boundaries have fewer
instantaneous source functions and the interfaa®nisidered as a constant-pressure boundary iheall
models.

Finally, all the horizontal wells are treated aselisources. Hence, all the y-axes source functwas
infinite sources in infinite reservoir, representadthe basic Green’s function number 1(i). A maioda
early time flow instantaneous source function & kind 11(x). I(y). I(z) is suggested for all theoatels for
central well location along the well length axesr Bff-centred location, the function I(x) may rapé
[1(x). An appropriate well dimensioning would reVélae correct source function.

SIN Model Instantaneous Source Function

Diagram

X-axis | z-axis | Layer1 | Layer 2
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1. Top layer, sealedTop layer, sealed top,Ell(x).1(y).v(z) Eovii(x).1(y).vi(z)
t] ends. Bottom layer, interface bottom. Bottom Ejiii(x).1(y).I(z) Eoll(x).1(y).1(2)
— sealed top, infinitg layer, interface top} Ejiii(X).I(y).v(z) Esiii(x).1(y).vi(z)
— bottom sealed bottom E(X).1(y).1(2)

2. v Top layer, sealedTop layer, constantt Ejll(x).1(y).v(z) Eovii(x).1(y).iv(2)
—— ends. Bottom layer| pressure at top, interfagek;iii(x).1(y).1(z) EulI(X).1(y).1(z)
——— | sealed top, infinitg bottom. Bottom layer| Ejiii(x).I(y).v(z)

— | bottom interface  top, sealedEjll(x).1(y).I(z)
bottom

3. Top layer, sealedTop layer, sealed top,Ell(x).1(y).v(z) Eov(X).1(y).vi(z)
| — 1| bottom, ~ constant} interface bottom. Bottom Ejiii(x).1(y).I(z) EI(x).1(y).I(z)
— pressure at top.layer, interface top} Ejiii(x).1(y).v(z)

Bottom layer, sealed sealed bottom E(X).1(y).lI(2)
bottom, infinite top
4, Top layer, constant-Top layer, sealed top,Ell(x).1(y).v(z) Eovi(X).1(y).vi(z)
— pressure at bottom,interface bottom. Bottom Eiii(x).1(y).1(z) Eoll(X).1(y).I(2)
— sealed top. Bottom layer, interface top} Eiii(X).I(y).v(z)
—— | layer, sealed bottom), sealed bottom E(X).1(y).1(2)
infinite top
5. Top layer, sealedTop layer, sealed top,E;x(x).I(y).v(z) Evii(x).1(y).vi(z)
|| ends. Bottom layer} interface bottom. Botton EjlI(x).1(y).I(2) EolI(X).1(y).1(z)
— | sealed bottom| layer, interface top Eiii(x).1(y).vi(z)
| infinite top sealed bottom
6. — Top layer, sealed Top layer, sealed top,Ell(X).I(y).iv(z) Eovii(x).1(y).vi(z)
ends. Bottom layer] interface bottom. Bottom Eyvii(x).I(y).1(z) Eoll(X).1(y).1(2)
— sealed bottom| layer, interface top} Ejiii(x).l(y).iv(z) Esiii(x).1(y).vi(z)
T infinite top constant-pressure bottom
7. Top layer, sealed Top layer, constantr Eill(X).I(y).iv(z) Eovii(x).1(y).iv(z)
ends. Bottom layer| pressure at top, interfageEyvii(x).I(y).1(z) Eoll(X).1(y).1I(2)
— sealed bottom| at bottom. Bottom layer] E;iii(x).1(y).iv(z)
— infinite top interface at top, constant-
Y .. pressure at bottom
8. Top layer, sealed Top layer, constantt E;x(x).1(y).v(z) Eovii(x).1(y).iv(2)
ends. Bottom layer| pressure at top, interfaceE;l1(x).1(y).1(z) ElI(X).1(y).1(z)
— constant-pressure  atbottom. Bottom layer
3 — | bottom, infinite top | interface  top, sealed
— bottom
9. Top layer, constantt Top layer, constant+ Eill(X).I(y).v(z) Evi(X).1(y).iv(z)
pressure at bottom, pressure at top, interfagegiii(x).1(y).1(z) Eoll(X).1(y).1(2)
— sealed top. Bottom bottom. Bottom layer| E;iii(x).l(y).v(z)
— layer, sealed botton),interface top, sealedEjll(x).I(y).I(z)
—— | infinite top bottom
10. Top layer, constantt Top layer, constantr Eill(X).I(y).v(z) Eov(X).1(y).iv(z)
pressure at top, pressure at top, interfagek;iii(x).1(y).1(z) ElI(X).1(y).1(2)
— sealed bottom| bottom. Bottom layer| Ejiii(x).1(y).v(z)
— Bottom layer, sealed interface top, sealedE;ll(x).1(y).l1(z)
— bottom, infinite top | bottom
11. Top layer, sealed Top layer, constantt Ejll(X).1(y).iv(z) Exv(X).1(y).iv(z)
bottom, constant; pressure at top, interfagek,vii(x).1(y).1(z) ElI(X).1(y).1(2)
— pressure at top. bottom. Bottom layer| Ejiii(x).1(y).iv(z)
— Bottom layer, sealed interface at top, constant-
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bottom, infinite top

pressure at bottom

12.

Top layer,

constant-pressure
bottom, infinite top

sealed Top
ends. Bottom layer

layer, constant
pressure at top, interfag
atbottom. Bottom layer
interface at top, constan
pressure at bottom

- Eax(X).1(y).iv(z)
eEvii(x).1(y).1(2)

t

Eovii(x).1(y).iv(z)
Eoll(X).1(y).1(2)

13.

Top layer, constantt Top
pressure at bottom, pressure at top, interfag
sealed top. Bottom bottom. Bottom
layer, sealed bottomn,interface at top, constan

infinite top

layer, constant
layer

pressure at bottom

- Exl1(X).1(y).iv(z)
eEvii(x).1(y).1(2)
ELiii(x).1(y).iv(z)

t

Evi(x).1(y).iv(2)
EolI(X).1(y).1(z)

14.

Top layer, constantr Top layer, sealed top

pressure at end
Bottom layer, seale
top, infinite top

s.interface bottom. Botton
i layer, interface top
sealed bottom

ELN(X).1(y).v(2)
1 ELiii(x).1(y).1(2)
ELiii(x).1(y).v(z)
ELI(X).1(y).l(z)

E2viii(x).l(y).vi(z)
E211(x).1(y).lI(z)

15.

Top
bottom,
pressure  at
Bottom layer, seale
bottom, infinite top

layer,

sealedTop layer, sealed top
constant
top. layer,

interface bottom. Botton
interface  top
| constant-pressure botto

, ELN(X).1(y).iv(2)
n ELvii(x).1(y).1(z)
ELiii(x).1(y).iv(z)
m

E2v(X).I(y).vi(z)
E211(x).1(y).l(z)

16.

Top
bottom,
pressure  at
Bottom layer,
constant-pressure
bottom, infinite top

layer,

sealedTop layer, sealed top
constant
top. layer,

interface bottom. Botton
interface  top
sealed bottom

at

,E1X(X).1(y).v(2)
n ELN(X).1(y).I(z)

E2v(x).I(y).vi(z)
E211(x).1(y).l(z)

17.

| | -] 00 L

Top layer,
bottom,
pressure  at
Bottom layer,
constant-pressure
bottom, infinite top

sealedTop
constant
top. bottom. Bottom

layer, constant
pressure at top, interfag
layer
interface seale

atbottom

top,

- E1X(X).1(y).v(2)
eELI(X).1(y).I(z)

d

E2v(X).I(y).iv(z)
E211(X).1(y).I(z)

18.

!
T

Top layer, constant-Top
pressure at both endspressure at top, interfag
bottom layer, sealed bottom. Bottom

bottom, infinite top

layer, constant
layer
interface seale

bottom

top,

- E11(X).1(y).v(2)
eEliii(x).1(y).1(z)

ELiii(x).1(y).v(z)
dE11(X).I(y).I(z)

E2viii(x).1(y).iv(z)
E211(X).1(y).I(z)

19.

f

!

= 1=

Top
bottom,
pressure  at
Bottom layer,
constant-pressure,
infinite top

layer,

sealedTop layer, sealed top
constant
top. layer,

interface bottom. Botton
interface  top
constant-pressure botto

,E1X(X).1(y).iv(2)
n ELvii(x).1(y).1(z)

m

E2v(x).I(y).vi(z)
E211(X).1(y).I(z)

20.

%

Top layer, constani-Top layer, sealed toq
pressure at both endsjnterface bottom. Botton
bottom layer, sealed layer,

bottom, infinite top

interface  top
constant-pressure botto

, ELN(X).1(y).iv(2)
n ELvii(x).1(y).1(z)

ELiii(x).1(y).iv(z)
m

E2viii(x).l(y).vi(z)
E211(x).1(y).lI(z)
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21.

Top layer,
bottom,
pressure
Bottom
constant-pressure
bottom, infinite top

at

sealed Top

layer,
layer

tpressure at bottom

constantt E1x(X).I(y).iv(z)
constant; pressure at top, interfageE1vii(x).1(y).1(z)

top. bottom. Bottom
layer,| interface at top, constan

t

E2v(X).I(y).iv(z)
E211(x).1(y).l(z)

22.

Top layer, constan
pressure at both end
bottom layer, seale
bottom, infinite top

-Top layer, constant

- E1H(X).1(y).iv(z)

spressure at top, interfageE1vii(x).1(y).1(z)

] bottom. Bottom layer
interface at top, constan
pressure at bottom

t

ELiii(x).1(y).iv(z)

E2viii(x).1(y).iv(z)
E211(X).1(y).I(z)

23.

Top layer, constan
pressure
Bottom layer,
constant-pressure
bottom, infinite top

ends

atinterface at top, constan

-Top layer, constant

- E1X(X).1(y).iv(z)

. pressure at top, interfageE1vii(x).1(y).1(z)

bottom. Bottom layer

pressure at bottom

t

E2viii(x).1(y).iv(z)
E211(x).1(y).I(z)

24,

Top layer, constan
pressure
Bottom layer,
constant-pressure
bottom, infinite top

ends

atconstant-pressure botto

-Top layer, sealed top,E1x(x).I(y).iv(z)
.interface bottom. Bottom E1vii(x).1(y).I(z)

layer, interface top

m

E2viii(x).I(y).vi(z)
E211(X).1(y).1(z)

25.

Top layer, seale
ends. Bottom layer
sealed bottom
infinite top

dTop layer, sealed top,E1X(X).I(y).iv(z)
interface bottom. Bottom E1vii(x).1(y).l1(z)

layer, interface top
constant-pressure botto

m

E2vii(x).1(y).vi(z)
E211(x).1(y).l(z)
E2iii(x).1(y).vi(z)

26.

Top layer, constan
pressure at botton

sealed top. Bottom layer,

layer, sealed botton
infinite top

-Top layer, sealed top,E1(X).I(y).iv(z)
,interface bottom. Bottom E1vii(x).1(y).l1(z)

interface  top
, constant-pressure botto

m

ELiii(x).1(y).iv(z)

E2vi(X).I(y).vi(z)
E211(x).1(y).lI(z)

27.

Top layer, constan
pressure ends
Bottom layer,
constant-pressure
bottom, infinite top

atsealed bottom

-Top layer, sealed top,E1x(x).I(y).v(z)
.interface bottom. Bottom E111(x).I(y).I(z)

layer, interface top

E2vi(X).I(y).vi(z)
E211(x).1(y).lI(z)

28.

Top layer, constan

-Top layer, sealed top,E1x(x).I(y).v(z)

E1x(X).1(y).v(2)

M| fT | | | ﬁil%] ! ﬁ}

pressure ends. interface bottom. Bottony E111(X).I(y).1(2) ELI(X).1(y).l(z)
Bottom layer,| layer, interface top
constant-pressure  atsealed bottom
bottom, infinite top

29. Top layer, constant-Top layer, constantr E1x(x).1(y).v(2) E2vi(X).I(y).iv(2)
pressure ends. pressure at top, interfageE111(x).1(y).1(z) E211(X).1(y).I(z)
Bottom layer,| bottom. Bottom layer
constant-pressure  atinterface top, sealed
bottom, infinite top | bottom
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30. Top layer, constani-Top layer, sealed top,E1x(X).I(y).iv(z) E2vi(X).I(y).vi(z)
_ pressure ends. interface bottom. Bottomy E1vii(x).I(y).1(z) E211(x).1(y).lI(z)
— Bottom layer,| layer, interface top
T constant-pressure  atconstant-pressure bottom
bottom, infinite top
31. Top layer, constani-Top layer, constantr E1x(xX).I(y).v(z) E2viii(X).l(y).iv(z)
pressure ends. pressure at top, interfageE1II(X).1(y).1(z) E211(x).1(y).l(z)
— Bottom layer,| bottom. Bottom layer
— constant-pressure  atinterface top, sealed
— bottom, infinite top | bottom
32. v Top layer, constant-Top layer, constantr E1x(x).I(y).iv(z) E2vi(X).I(y).iv(2)
— pressure ends. pressure at top, interfageE1vii(x).I(y).1(z) E211(x).1(y).lI(z)
Bottom layer,| at bottom. Bottom layer,
L constant-pressure  atinterface at top, constant-
bottom, infinite top | pressure at bottom
33. Top layer, sealedTop layer, sealed top,E1vii(x).I(y).v(z) E2vii(x).1(y).vi(z)
— | bottom, infinite top.| interface bottom. Bottom E1iii(x).I(y).iii(z) E211(X).1(y).lI(z)
| | Bottom layer, sealed layer, interface top| EZiii(x).I(y).v(z) E2iii(x).I(y).vi(z)
— ends sealed bottom ELI(X).1(y).l(z) E2iii(x).1(y).lI(2)
34. Top layer, sealedTop layer, constantt E1vii(x).I(y).v(z) E2vii(x).1(y).iv(z)
_i_ bottom, infinite top.| pressure at top, interfageEliii(x).1(y).iii(z) E211(x).1(y).I(z)
o Bottom layer, sealed at bottom. Bottom layer|, EZLiii(x).l(y).v(z)
] ends interface at top, sealedELII(x).I(y).lI(z)
bottom
35. Top layer, constant-Top layer, sealed top,E2vii(x).I(y).v(z) E2x(x).1(y).vi(2)
— | pressure at bottom,interface bottom. Bottom E1iii(x).I(y).iii(z) E211(x).1(y).vi(2)
> _—— | infinite top. Bottom| layer, interface top| EZLiii(x).I(y).v(z) E211(X).1(y).I(z)
— layer, sealed ends | sealed bottom ELI(X).1(y).I(z)
36. Top layer, sealedTop layer, sealed top,E1x(x).I(y).v(z) E2vii(x).1(y).vi(z)
— | bottom, infinite | interface bottom. Bottom E111(x).1(y).v(z) E211(X).1(y).I(z)
— bottom. Bottom| layer, interface top} E11(X).lI(y).I(z) E2iii(x).1(y).vi(z)
—» — layer, constanty sealed bottom E2iii(x).1(y).lI(2)
pressure at bottom,
sealed top
37. ——— | Top layer, sealedTop layer, sealed top,E21vii(x).I(y).iv(z) E2vii(x).1(y).vi(z)
— bottom, infinite top.| interface bottom. Bottom ELiii(x).I(y).iv(z) E211(x).1(y).l(z)
—_— Bottom layer, sealed layer, interface top| EZLiii(x).l(y).l(z) E2iii(x).1(y).vi(z)
ends constant-pressure bottomE1II(x).1(y).l1(z) E2iii(x).1(y).l(2)
38. Top layer, sealedTop layer, sealed top,E1ix(x).I(y).v(z) E2vii(x).1(y).vi(z)

]

bottom, infinite top.
Bottom layer, seale
bottom, constant
pressure at top

interface bottom. Botton
] layer, interface top
sealed bottom

n ELH(X).1(y).1(2)
EL1(X).1(y).v(2)

E211(X).1(y).I(z)
E2iii(x).1(y).vi(z)
EZ2iii(x).1(y).1(2)
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39. Top layer, constani-Top layer, constantt E1vii(X).I(y).v(z) E2X(X).I(y).iv(z)
¢ pressure at bottom, pressure at top, interfageELiii(x).l(y).iii(z) E211(x).1(y).lI(z)
—» — infinite top. Bottom| at bottom. Bottom layer, ELiii(x).I(y).v(z)
—— | | layer, sealed ends interface at top, sealedE1II(x).1(y).lI(z)
bottom
40. Top layer, sealedTop layer, constantr E1x(x).I(y).v(z) E2vii(x).1(y).iv(z)
¢ bottom, infinite | pressure at top, interfageE1II(x).1(y).v(z) E211(x).1(y).lI(z)
I bottom. Bottom| at bottom. Bottom layer, E1II(x).I(y).l(z)
— | layer, constanty interface at top, sealed
»_:l pressure at botton), bottom
sealed top
41. ¢ Top layer, sealedTop layer, constantt E1vii(X).I(y).iv(z) E2vii(x).1(y).iv(z)
——— | bottom, infinite top.| pressure at top, interfaceE1iii(x).I(y).iv(z) E211(x).1(y).I(z)
— Bottom layer, sealed at bottom. Bottom layer], EZ1iii(x).l(y).l1(z)
— ends interface at top, constant-E111(x).1(y).1(z)
pressure at bottom
42, ¢ Top layer, sealedTop layer, constant E1ix(x).l(y).v(z) E2vii(x).1(y).iv(z)
— bottom, infinite top.| pressure at top, interfageE1ll(x).I(y).I(z) E211(X).1(y).I(z)
I Bottom layer, sealed at bottom. Bottom layer, E11I(x).1(y).v(z)
:J‘_ bottom, constant; interface at top, sealed
pressure at top bottom
43, Top layer, constani-Top layer, sealed top,E1x(x).I(y).v(z) E2x(X).I(y).vi(z)
_p[ | pressure at bottom, interface bottom. Bottony E111(X).1(y).v(z) E211(x).1(y).vi(2)
|| infinite top. Bottom| layer, interface top} E1II(X).I(y).I(z) E211(x).1(y).l(z)
—» — || layer, constanty sealed bottom
pressure at bottom,
sealed top
44, Top layer, constant-Top layer, sealed top,E21vii(x).I(y).iv(z) E2x(x).1(y).vi(z2)
—»[ | pressure at bottom, interface bottom. Bottom E1iii(x).I(y).iv(z) E211(x).1(y).vi(2)
|| infinite top. Bottom| layer, interface top} EZLiii(x).I(y).I(z) E211(X).1(y).I(z)
— || layer, sealed ends | constant-pressure bottomELII(X).I(y).1(z)
45, Top layer, constant-Top layer, sealed top,E21ix(x).l(y).v(z) E2x(x).1(y).vi(z)
- pressure at bottom,interface bottom. Bottom E111(x).I(y).I(z) E211(x).1(y).vi(2)
- infinite top. Bottom| layer, interface top} E1l(X).I(y).v(z) E211(X).1(y).I(z)
- layer, sealed bottomn), sealed bottom
constant-pressure  at
top
46. Top layer, sealedTop layer, sealed top,E1x(X).I(y).iv(z) E2vii(x).1(y).vi(z)
- bottom, infinite | interface bottom. Bottom E111(x).1(y).l(z) E211(x).1(y).1(z)
S p— bottom. Bottom| layer, interface top} E1I(X).I(y).iv(z) E2iii(x).1(y).vi(z)
layer, constant; constant-pressure bottom E2iii(x).1(y).lI(2)
T pressure at bottom,
sealed top
47. Top layer, sealedTop layer, sealed top,E21viii(x).l(y).v(z) E2vii(x).1(y).vi(z)

I

bottom, infinite top.
Bottom layer,
constant-pressure
both ends

interface bottom. Botton
layer, interface top

atsealed bottom

n ELviii(X).1(y).1(2)
EL1(X).1(y).v(2)

E211(X).1(y).1I(z)
E2iii(x).1(y).vi(z)
E2iii(x).1(y).1(2)
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48. Top layer, sealedTop layer, sealed top,E1 ix(x).I(y).iv(z) | E2vii(x).I(y).vi(z)
S bottom, infinite top.| interface bottom. Bottom E11(X).I(y).iv(z) E211(x).1(y).lI(z)
— Bottom layer, sealed layer, interface top| ELlix(x).I(y).l(z) E2iii(x).1(y).vi(z)
bottom, constant; constant-pressure bottom E2iii(x).1(y).1(z)
T pressure at top
49, Top layer, constani-Top layer, constantr E1x(x).I(y).v(z) E2X(X).1(y).iv(z)
o pressure at bottom), pressure at top, interfageE1l(X).I(y).v(z) E211(x).1(y).lI(z)
|| infinite top. Bottom| at bottom. Bottom layer, E1II(X).I(y).I(z)
B M layer, constanty interface at top, sealed
pressure at bottom,bottom
sealed top
50. Top layer, constant-Top layer, constantt E1vii(X).I(y).iv(z) E2x(X).1(y).iv(2)
pressure at bottom, pressure at top, interfageEliii(x).1(y).iv(z) E211(x).1(y).I(z)
> — infinite top. Bottom| at bottom. Bottom layer, Eliii(x).I(y).I(z)
— layer, sealed ends interface at top, constant-E111(x).1(y).1(z)
T pressure at bottom
51. Top layer, constant-Top layer, constantt EL1ix(x).l(y).v(z) E2X(X).I(y).iv(z)
pressure at bottom, pressure at top, interfageE1ll(x).1(y).I(z) E211(X).1(y).I(z)
> — infinite top. Bottom| at bottom. Bottom layer, E111(x).I(y).v(z)
— layer, sealed bottom),interface at top, sealed
constant-pressure  atbottom
top
52. | Top layer, sealedTop layer, constantt E1x(x).I(y).iv(z) E2vii(x).1(y).iv(z)
bottom, infinite | pressure at top, interfageE111(x).1(y).1(z) E211(X).1(y).I(z)
—— | bottom. Bottom| at bottom. Bottom layer, E111(X).I(y).iv(z)
—» —— | | layer, constanty interface at top, constant-
f pressure at bottom, pressure at bottom
sealed top
53. Top layer, sealedTop layer, constantt E1viii(x).l(y).v(z) E2vii(x).1(y).iv(z)
i bottom, infinite top.| pressure at top, interfageE1viii(x).1(y).1(z) E211(x).1(y).lI(z)
- Bottom layer,| at bottom. Bottom layer, E111(X).I(y).v(z)
. constant-pressure  atinterface at top, sealed
»—J‘_ both ends bottom
54, Top layer, sealedTop layer, constant: E1 ix(x).I(y).iv(z) | E2x(X).I(y).vi(z)
___L__ bottom, infinite top.| pressure at top, interfageE1l(X).I(y).iv(z) E211(x).I(y).vi(2)
— Bottom layer, sealed at bottom. Bottom layer, EL1ix(x).I(y).l(z) E211(x).1(y).l(z)
j— bottom, constant; interface at top, constant-
? pressure at top pressure at bottom
55. Top layer, constani-Top layer, sealed top,E1x(X).I(y).iv(z) E2x(X).I(y).vi(z)
— | pressure at bottom, interface bottom. Bottonmy E1II(X).I(y).1(z) E211(x).1(y).vi(2)
™ —— | infinite top. Bottom| layer, interface top} E1(X).I(y).iv(z) E211(x).1(y).lI(z)
—» — | | layer, constant; constant-pressure bottom
pressure at bottom,
sealed top
56. Top layer, constant-Top layer, sealed top,E2viii(x).l(y).v(z) E2x(x).1(y).vi(2)

Qtl\ .

vy

pressure at bottom,interface bottom. Botton

infinite top. Bottom
layer, constant

pressure at both ends

layer, interface
sealed bottom

top

D

n ELviii(X).1(y).1(2)
EL1(X).1(y).v(2)

E211(x).1(y).vi(2)
E211(X).1(y).1I(z)
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57. _ Top layer, constant-Top layer, sealed top,E1 ix(x).I(y).iv(z) | E2x(X).I(y).vi(z)
—> — pressure at botton),interface bottom. Bottom E11I(X).I(y).iv(z) E211(x).I(y).vi(z)
1. infinite top. Bottom| layer, interface top, E1ix(xX).I(y).I(z) E211(x).1(y).l(z)
? layer, sealed bottom, constant-pressure bottom
constant-pressure  at
top
58. RS Top layer, sealedTop layer, sealed top,E1 viii(x).I(y).iv(z) | E2vii(x).I(y).vi(z)
— bottom, infinite top.| interface bottom. Bottom E111(X).I(y).iv(z) E211(X).1(y).I(z)
»j Bottom layer,| layer, interface top} E1viii(X).I(y).l(z) E2iii(x).1(y).vi(z)
? constant-pressure  atconstant-pressure bottom E2iii(x).1(y).l1(z)
both ends
59. ——— | Top layer, constant-Top layer, sealed top,E1x(x).I(y).iv(z) E2x(x).1(y).vi(2)
> — pressure at bottom,interface bottom. Bottom E111(x).I(y).I(z) E211(x).1(y).vi(2)
—» — infinite top. Bottom| layer, interface top} E11(X).I(y).iv(z) E211(X).1(y).I(z)
T layer, constanti constant-pressure bottom
pressure at bottom,
sealed top
60. Top layer, constani-Top layer, constantt E1viii(x).l(y).v(z) E2X(X).1(y).iv(z)
pressure at bottom), pressure at top, interfageE1viii(x).1(y).1(z) E211(x).1(y).l(z)
g infinite top. Bottom| at bottom. Bottom layer, E111(X).I(y).v(z)
—»{ — |4 layer, constant{ interface at top, sealed
pressure at both ends bottom
61. Top layer, constant-Top layer, sealed top,E1 viii(x).I(y).iv(z) | E2x(X).I(y).vi(z)
_ pressure at bottom,interface bottom. Bottom E111(x).I(y).iv(z) E211(x).I(y).vi(z)
—» — infinite top. Bottom| layer, interface top} E1viii(X).I(y).l(z) E211(x).1(y).l(z)
—»| — |« layer, constanty constant-pressure bottom
pressure at both ends
62. | Top layer, sealedTop layer, constant: E1 viii(x).I(y).iv(z) | E2x(x).I(y).vi(z)
bottom, infinite top.| pressure at top, interfaceE11l(x).I(y).iv(z) E211(x).1(y).vi(2)
| — | Bottom layer,| at bottom. Bottom layer, E1viii(x).I(y).l(z) E211(x).1(y).1(2)
—»| — [*7] constant-pressure  atinterface at top, constant-
both ends pressure at bottom
63. & Top layer, constant-Top layer, constant: E1 ix(x).l(y).iv(z) | E2x(xX).I(y).iv(2)
o pressure at bottom, pressure at top, interfageE11(x).I(y).iv(z) E211(X).1(y).I(z)
— infinite top. Bottom| at bottom. Bottom layer, E1ix(x).I(y).l1(z)
— | .
layer, sealed bottom, interface at top, constant-
constant-pressure  atpressure at bottom
top
64. | Top layer, constant-Top layer, constant: E1 viii(x).I(y).iv(z) | E2x(X).I(y).iv(z)
— pressure at botton), pressure at top, interfageE1l(X).I(y).iv(z) E211(x).1(y).lI(z)
I infinite top. Bottom| at bottom. Bottom layer, E1viii(x).I(y).l(z)
— [+ layer, constanty interface at top, constant-
pressure at both ends pressure at bottom
Conclusion

Instantaneous source functions are utilized a gteat in the derivation of reservoir system pressand
pressure derivative distributions. In this papdirtte instantaneous source functions of the noramal
inverted architectures of a letter ‘e’ two-layenmsdervoir, completed with a horizontal wells, hdezn
compiled. The external boundaries were varied atedeand constant-pressured. Imagining a mirror
reproduction of the normal architecture, three itee architectures were observed. However, only the
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inverted architecture obtained through a vertidahe and the normal architectures were considéredn
be concluded that:
(1) One architecture produces thirty-two (32) differenbdels; that is, two architectures produce
sixty-four (64) different models, etc.
(2) Vertical inversion turns top of architecture bottand bottom top.
(3) Horizontal inversion turns top of horizontal wetittom and bottom top.
(4) One form of the architecture has five (5) exterbalindaries that can be sealed or constant-
pressured.

(5) The letter ‘e’ architecture, normal or inverted¢csmracterized by one ‘infinitely far away external
boundary

(6) For centrally located wells, the most prevalentansaneous source function is I1(x). I(y). 1(z).
Nomenclature

E; Late time flow boundary effects constant for Layer

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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