RESERVOIR GEOMETRY

The shape of a reservoir has a significant effect on its flow behavior. Most reservoirs have irregular boundaries and a rigorous mathematical description of geometry is often possible only with the use of numerical simulators. For many engineering purposes the actual flow geometry may be represented by one of the following flow geometries:
• Radial flow

• Linear flow

• Spherical and hemispherical flow

Linear Flow


Linear flow occurs when flow paths are parallel and the fluid flows in a single direction. In addition, the cross sectional area to flow must be constant.
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Figure-1. Linear Flow
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Figure -2. Ideal linear flow into vertical fracture.

Linear Flow of Incompressible Fluids

In the linear system, it is assumed the flow occurs through a constant cross-sectional area A, where both ends are entirely open to flow. It is also assumed that no flow crosses the sides, top, or bottom. If an incompressible fluid is flowing across the element dx, then the fluid velocity v and the flow rate q are constants at all points. The flow behavior in this system can be expressed by the differential form of Darcy’s equation
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Figure 6-11. Linear flow model.
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K - permeability, q – flow rate, p- pressure, L- length, A –cross sectional area.
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where ω=Bh – cross section area, normal to the flow direction. Pressure in any section is defined as
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Time of particle which pass through x-distance is
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Radial Flow

In case of radial flow the velocity vector is directed towards the well. Thus pressure and velocity are the function of r coordinate. Because fluids move toward the well from all directions and coverage at the wellbore, the term radial flow is given to characterize the flow of fluid into the wellbore. As an example of such flow we will consider flow towards the hydrodynamical perfect well in layer. 
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Figure 6-13. Radial flow model.



Figure-3. Ideal radial flow into a wellbore. 
Figure -4. Қысымның
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Radial Flow of Incompressible Fluids

Let’s consider Radial Flow. rw – wellbore radius, pw – bottomhole pressure, 

re – external radius, pe – external pressure. Darcy’s equation can be used to determine the flow rate at any radius r: [image: image11.png]
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Dupuit’s formula
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Figure 9.2. As flow converges toward a well, it
passes through imaginary cylindrical surfaces that
are successively smaller as the well is approached.
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Dupuit’s formula:
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Presseure distribution in layer is defined by one of the following formua:

 [image: image14.png]aiin Mpaska Bua

5|mH ey

Evdokimova V.A. Kochina LN. Sbornik..

Crpanmust

Evdokimova V.A. Kochina L.N. Sborik_zadach_po_podzemnoy_gidra - WinDjView

Vicrpymentst Okto Momouss

L Llke[s 3|0 0|Hm o [1z% V@on

# x

xony JlapcH, TO 0GDBeMHb AeGHT CKBAXHHH OMNpPEAeNHTCs Mo
Gopuyae Jiomiow:

Q= Zmkh Pe—pe (L4
Re
LR
e
£ — AHAMHUECKI KOI(OUIIENT BATKOCTH. i
Jaxon pacnpelelcHns fABICiis ONPETENAETCH MO OXHOH K3

dopmya:
PP
o
R
P="Pu 2nkh In ol (1.6
PePe g L (1L7)
i e

Jiwunn p=p(r) naswmaetca Ae-

NpcccHOHMOR  KpPHBOR -

” 0y dedus. Xapaktepno, NTO MpH MpH-
< L) OJAMKCHHH K CKBAKHHE TPAJHEHTH!
JABICHHS  H CKOPOCTH (HABTPALAH

e pesko Bospactaior. [IpH mocTpoenik

KapTh 1306ap CACAYST YUHTHBATD,
4TO panycsl H306ap MIMEHSIOTCH B
reoMeTpHYCCKOAi  NpOFpecCH, B TO

BpeMsl, Kak NaBieHHe Ha H30Gapax
Puc. 7 H3MeHsieTcst B apH(MeTHuecKoi mpo-
TpeccHH.

WnaukaTopHasi JMHHS — 3aBHCHMOCTh  1eGHTa CKBaXuHbl OT
ZenpeccHu Ap=pi—pe, NPH NPHTOKE K CKBAXKHEE B YCHOBHAX
cnpaseannBocTH 3akona Jlapes mpeactapaser coGoit mpsMyto JH-
10, onpefensemylo ypasHennem Q=KAp.

Ko>(GdHuuneHnT npoAyKTHBHOCTH
2nkh
K=
Re
o
UHCJGHHO PaBeH AeGHTY TpH AeNpeccHH, paBHOH  eIHHHUE.
3aKOH [BMKEHHS YaCTHIL BIOJb JWHHH TOKa, ecau nmpu (=0

(1L.8)

win

Crp. 183 170

= EE0

21x297 cm




[image: image15.png]aiin Mpaska Bua

5|mH ey

Evdokimova V.A. Kochina LN. Sbornik..

Crpanmust

Evdokimova V.A. Kochina L.N. Sborik_zadach_po_podzemnoy_gidra - WinDjView

Vicrpymentst Okto Momouss

L Llke[s 3|0 0|Hm o [1z% V@on

# x

xony JlapcH, TO 0GDBeMHb AeGHT CKBAXHHH OMNpPEAeNHTCs Mo
Gopuyae Jiomiow:

Q= Zmkh Pe—pe (L4
Re
LR
e
£ — AHAMHUECKI KOI(OUIIENT BATKOCTH. i
Jaxon pacnpelelcHns fABICiis ONPETENAETCH MO OXHOH K3

dopmya:
PP
o
R
P="Pu 2nkh In ol (1.6
PePe g L (1L7)
i e

Jiwunn p=p(r) naswmaetca Ae-

NpcccHOHMOR  KpPHBOR -

” 0y dedus. Xapaktepno, NTO MpH MpH-
< L) OJAMKCHHH K CKBAKHHE TPAJHEHTH!
JABICHHS  H CKOPOCTH (HABTPALAH

e pesko Bospactaior. [IpH mocTpoenik

KapTh 1306ap CACAYST YUHTHBATD,
4TO panycsl H306ap MIMEHSIOTCH B
reoMeTpHYCCKOAi  NpOFpecCH, B TO

BpeMsl, Kak NaBieHHe Ha H30Gapax
Puc. 7 H3MeHsieTcst B apH(MeTHuecKoi mpo-
TpeccHH.

WnaukaTopHasi JMHHS — 3aBHCHMOCTh  1eGHTa CKBaXuHbl OT
ZenpeccHu Ap=pi—pe, NPH NPHTOKE K CKBAXKHEE B YCHOBHAX
cnpaseannBocTH 3akona Jlapes mpeactapaser coGoit mpsMyto JH-
10, onpefensemylo ypasHennem Q=KAp.

Ko>(GdHuuneHnT npoAyKTHBHOCTH
2nkh
K=
Re
o
UHCJGHHO PaBeH AeGHTY TpH AeNpeccHH, paBHOH  eIHHHUE.
3aKOH [BMKEHHS YaCTHIL BIOJb JWHHH TOKa, ecau nmpu (=0

(1L.8)

win

Crp. 183 170

= EE0

21x297 cm





Q
[image: image22.png]Wellbore

Side View /‘ \'\ Flow Lines




r2
1
[image: image23.png]


b
[image: image24.png]Oaiin Mpaska Bua Vncrpymentsi Okro Momouss

5|mH ey

B

Evdokimova V.A. Kochina LI. Sbornil

Crpanmust

POk e

# x

MEE K]

| e [125%

Evdokimova V.A. Kochina L.N. Sborik_zadach_po_podzemnoy_gidra - WinDjView

v@on

| g2 2n

uapTpauHORKLL TIOTOK HAIMBACTCH PAAMAIBHO-CHEPHIECKILN,
ccu BEKTOpH CKOPOCTH (BHALTAINNH HANDARIEHH B MPOCTpaNCTHE
N0 UPAIMBIM, PAJHAJBHO CXONAUIAMCA K O
HOf TOUKE (M PACXOAAMIIMCS OT Hee) .

Barogaps UENTpaiLuOfi CHMMETpHH Aan-
JeHHC M CKOPOCTH (HALTPALMH 3aBHCAT i B
STOM CJyUae TOILKO OT OAHOM KOOPIHIATLL
r, OTCTHTHBACNOf OT uenTpa (pHc. 8). Mpu-
MepoM NOTOKa, BeChMa OIH3KOTO paiitaib-
HO-c(epHUECKOMY, SBIASETCS NPHTOK JKHILKO-
CTH K THAPOAHHAMMYCCKH —HECOBEpLIeHHOit
CKBAIKIHE M2JOTO AMAMETPE, €ABA BCKDLIB-
Wwefl HeNPONHIIACMYIO TOPHIONTATBIYIO KPOB-
110 OAHOPOHOLO HAACTa GOIBIION MOUHOCTH
(TeopeTHHECKH GCCKOHEUHO) .

Ecau na 3a60¢ CKBAXKUHL, NPeACTABICHHOR B BHAC nOAYyChepH
paanyca r, NMOAJCPKMBACTCH TNOCTOHIIOE MPHBEJCHHOE Aapaciiie
4%, a ua NOCTATOSHO GOMBWIOM PACCTOSHMH OT CKBAMMAL, 12
noaycdepucckoil mopepxHoCTH panyca Ry coxpamsetcs mocto-
AuHOe IaBaeHHe Pl M (QHABTPAIMA B OIHOPOIHOM TMACTE MPOHC-
x0AHT 1o 3aKkony Jlapew, TO oObemubil AeGHT CKBAXHHB onpeie-
asetcs 10 popuyae

Pic. 8

2nrek (pl— 7,
w

(IIL17)

IMpusezenioe fasacine B aioGofi TodKe N1acTa ONpEAIALTCH
110 dopmyae

. [
px,l e (T (LIL18)
. Re

2 3aKOH ABIOKEHHS 4aCTHW BAOL JHHHH TOKZ OT TOYKM C KOOPIH-
HATON 7o /10 TOMKH C KOODAUHATOH r OMHCHIBAeTCH —ypaBHeHHEM
2nm

t Y

=) (19
20

Crp. 20 w3 170

= EE0

21x297 cm



h2
h1


Qw
2T


r2 
dr r
1


h2

 dh
h1
As we approach the well the
rings get smaller. A is smaller
but Q is the

(Driscoll, 1986)


same, so  dh dl

must increase.
Spherical and Hemispherical Flow

Depending upon the type of wellbore completion configuration, it is possible to have a spherical or hemispherical flow near the wellbore. A well with a limited perforated interval could result in spherical flow in the vicinity of the perforations. A well that only partially penetrates the pay zone, could result in hemispherical flow.

[image: image16.jpg]Wellbore

Side View

\W/

Put

a
“«
«—
-

- _

Flow Lines





Figure-5. Spherical flow due to limited entry.        Figure-6. Hemispherical flow in a partially    

                                                                                                          penetrating well.
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