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Abstract

SUT budget, laboratories, and personnel supported this project with the assistant from
DMF personnel for data and reservoir simulation. The objective of the research is to study and
compile all information in petroleum exploration and production in the tertiary basin of Thailand
and oil production improvement by water flood by using reservoir simulation

There are 18 oilfields in the northern central northing and gulf of Thailand are being
produced with the summed producing rate of 130,000 barrel per day which is accounted to 20% of
the consumption in Thailand. '

It’s necessary to do reservoir simulation to determine the most suitable and efficient
for individual water flooding project. .

More than 20 tertiary rock samples from the field were collected and tested in the
laboratory to find the porosity and permeability. The porosity and permeability are 1.2-36.6%
(with the average of 11.7%) and 0.02-51.38 millidarey (average of 5.2 md.)

There are three size of oilfields were modeled with the inplace of 5, 30, and 100
million barrels respectively. Each size were modeled many producing and injecting well patterns
and by using Eclipse Office in DMF office to run simulations.

The oil productions in primary recovery were ranged at 16-23% from small oilfield
size to big oil field size with the IRR after tax of 12-29%. If including water flooding, the oil
production recoveries become 20-40% with IRR after tax of 10-24% the net profit added up to
about double of primary recovery,

The results of this study can be applied to any water flooding project. The study also
increases the ability and knowledge in water flood reservoir simulation and probably promotes the

petroleum activity investments in Thailand.
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4 o = P 3 as . 1 <y <
a1919d 3.1 Sinasvesilasadagalai porosimeter nsgvmTnsvBensnnIs oy

Usznalimduilsuasvesreensludiogaiunaaoy

1" Billets waautalse suas (em®)
1 4.63
2 4.59
3 9.22
4 18.49
11/2' Billets wia@aianea U593 (cm?)
1 | 10.18
2 10.2
3 20.39
4 40.74

The reference volume of the reference chamber (RV) is determined by

RV = Vbil E
-------------- aAuA13(3.2)
ob of
B P,
Orif P, and P, =100 psi
P
S
‘[)beff [ 1 00)
RV =i e qUN13(3.3)
Pf - b,
Where Paf = reference pressure, always uses 100 psi
P, = equilibrated pressure, psi
Ve = volume of the billet (Table 3.2), cn’
P, = the reference chamber pressure and equilibrated
pressure of the sample chamber, psi
P, = reference pressure, (if P, = 100 psi)

Through knowledge of the previously RV, the P, is used to calculate the grain volume.
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Py d A a
151 svoudariun1TaN1n

£, P,
GV =V, +RV|—~--2=| e TUNIT (3.9)
7
L Vit = the billet volume which filled in the excess space in

case that the sample is short.
R}S = the reference chamber of the c¢lean and dried core
sample with helium is filied 100 psi.
P_: = the stabilized pressure the helium is introduced into

matrix cup and pressure is allowed to stabilize.

Pof = reference pressure, always uses 100 psi
P, = equilibrated pressure, psi
ﬂ?mmﬁwmmmﬁu;
BV =rlL [gjz -------------- quMs (3.5)

a b4 1
iminvesiudiod1aezgnin1sa Tavmsld weight balance Taoldimimiinuosdantied
1
U
Immersed weight = 13,54166x BY  -—ermememmmam- AN (3.6)

| ' Ao 1 1 r
ﬂfﬂﬁ??ﬁ‘ﬂﬂ\?ﬁulﬂuﬂ‘lﬂ')'!ﬂJLW]ﬂWN‘Uﬂﬁﬂ'] BV. unz GV.

pYV=BV-gVVv e auMg (3.7)
HAZFOIINUBINUITYNAIUINDIN
¢(%)=ﬂf-x100 -------------- AT (3.8)

BV



M31eh 3.2 A51Han s Tare419ueIA 101U I Y

KX ]

Lo Usinasves | USmesves | USwnmsves | geedieves |
NUAY #8619 o . o o -

WAy AUNIHYA L IR RE AU(%)
1 CMI1-5 57.65 60.13 2.48 413
2 CMI1-6 48.42 51.52 3.10 6.02
3 CM2-1 58.53 59.70 1.17 1.96
4 CM2-2 58.32 60.30 1.98 3.28
5 MM1-1-1 52.97 58.99 6.03 10.22
6 MM1-1-2 52.79 £ 59.19 6.40 10.81
7 MM1-2-1 52.29 59.71 7.42 12.43
8 MM1-2-2 51.92 55.72 3.80 6.83
9 MM1-3-1 51.90 58.50 6.60 11.28
10 MM1-3-2 50.54 58.47 7.93 13.56
11 MM1-3-3 48.15 55.38 724 13.07
12 MM1-4-1 42.17 48.45 6.29 12.97
13 MM1-4-2 4130 51.65 10.35 20.04
14 MM1-4-3 54.37 60.29 5.92 9.82
15 MM2-1 49.30 58.53 9.23 15.77
16 MM2-5 38.62 49.65 11.03 22.21
17 LP1-1 39.65 4944 9.80 19.81
18 LP1-2 46.42 56.33 9.91 17.60
19 LP2-1 56.72 58.65 1.93 3.30
20 LP3-1 56.06 59.95 3.89 6.48
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L YSumaves | Yswwmsves | YSumsves | desiieves
HUIBLAY A081 . o L .

anuy TUNINUA ¥DIIN HU(%)

21 LP3-2 57.41 60.42 3.01 4.99
22 LP3-3 56.78 60.15 3.37 5.60
23 LP3-4 56.98 60.86 3.88 6.37
24 LP4-1 59.36 60.18 0.82 1.36
25 LP4-2 58.69 59,39 0.70 1.18
26 LP5-1 29.22 45.12 15.90 35.24
27 LP5-2 41.32 45.12 3.80 8.43
28 LP5-3 30.77 48.52 17.75 36.58
29 LP6-1 4119 52.38 11.19 21.37
30 LP7-3 57.15 60.07 2.92 4,86
31 LP7-4 59.09 61.02 1.93 3.16
32 LP8-1 51.64 61.02 9.38 15.38
33 LP-8-2 52.98 59.05 6.07 10.27
34 LP9-1 46.79 59.62 12.83 21.53

3.4 MITas MU

4 a 1 1 - ﬁﬁ) 1 as § ! O
M3 Inavssved Tnalumissiageshawesiuiuegiumsdeusdefuun

¥09214

-~ ' =3 @ A ' 1 ' o4 a
ﬂ’J’IﬂJﬂ’ﬁJﬁﬂﬂluﬂ']i"lﬁlWTL!L‘IJ'LIﬂ'li’Jﬂﬂ'!iL‘IfﬂllGl‘E]ﬂu"'lJ'EN"I)'@Q’J']\‘l(luﬁuﬂ']ii“lﬂﬂ‘ﬁﬂw

My maveaves lnalumieeindoa9199098 Y (Fanchi, 2000). aunN1sUdaSE I d1MTUNT

Tvia 1 a0z

0

Q

0.001127Q£

I

HoAx

8031713 Ina, (bbl/ddy)

AU (3.9}
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= anua o lumsFuriy, (md)
b4 .
= wuimhde, (&)

A
anunilauesveslna, (cp)

PR oA R
]

= A7, (ft)

17369 overburden poro-perm cell gnuaraaluglnwdi 3.8 TasgnesniuiieldTa
Agesinvesiuarawasalunsuriuvesiieteiiunie1diton 1y reservoir $1a84
méﬂﬂ overburden poro-perm cell nzﬁl%’mmﬁmzé’u hydraulic pump Lﬁﬂ“ﬁ'%ﬂﬁ reservoir
SraoanRuANNAUYRIRI9E 19T Y msﬁmiﬁu1ﬂpmmm‘ia‘lumi@umu%qﬁmdwﬁuﬂ::
Whilasiou (V) Feldszynimdusudy (upsiream pressure) THarLAWAIE1IVDS
fetuiiu Mediuszganiinedudie bildluTasnu lnadusannndadaiu n1da
é’mwms"lwamaaﬂ1mﬁ%ﬁ'ﬁﬁﬁauﬂnwmmﬁaadﬁﬁu anyaisn tumsdurivozgn
fUIUIN upstream pressure wazdasms lnarun1Inamen anuFuLISeIMa A
voeluTasinu wazaamon Aufinhdavosiaediin anuawsalunsduiessiugs

AMNANTOYO LTI TIHIUTB D Tria MUIEvpInuEse luMIHuHIY An md



| 1 R ) I o
gﬂﬁ 3.8 1"30949 overburden poro-perm cell instrument g e Januauise

TUMSFUR LU0 18E9TT U

3.4.1 MSATMIUANNAITOIUNTTTHHIHUBY Overburden
i oo o 1
awaumsignlszgndainnguaantsdisnamimannsalunsdumuves

E4 1
fegery Taenuauisruafinzgnldeglumiig amosphere (atm).

2000x BP . L
= BPxpxOxE aung (3.10)

[(P1 %0.06805+ BP)’ —(BP)* x A]
K

gas(apparent)

i3

K

gas{ actual) =

x0.9716" e - qunsG.10
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AWAY barometric, atm, (BP, = BP, . x0.0009896)

m
anuniiaved lulasoy, op
8931713 Wa, cm’ /sec
AUYTIVIIAIDENUY, cm
upstream pressure, psi
M3t aanue, (converting psi to atm)
ﬁuﬁﬂﬁwﬁmmﬁaat}mﬁu, cm®
conversion factor the expansion of air due to saturation with
water vapor in the Eubble tube.

L =—8x107T* x8x107°T +0.171

Hy, =—8x107T7 +8x107°T +0.0158

gy, °C
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o b | | o - Lﬁ’mipim ANMUT NI
nInuaY | A79d9 ’_ s o 4 guénane | lumssuriy
{(psi) | 5{ecm’) | (IUIN) (mm) | °

(mm) (md)
1 CMi-5 49,99 3.0 546.67 517 3.85 0.005
2 CM1-6 | 5798 | 1.0 356.44 445 3.82 0.002
3 CM2-1 | 5659 | 1.0 468.28 5.15 3.84 0.002
4 CM2-2 49.87 10 88.17 5.19 3.85 0.113
5 MM1-1-1 | 57.59 | 0.1 21.41 5.18 3.81 0.004
6 MMI1-1-2 | 49.32 | 0.1 23.85 5.17 3.82 0.004
7 MMI1-2-1 | 50.08 50 6.00 5.15 3.84 8.19
8 MM1-2-2 | 49.97 50 10.00 5.15 3.84 4.930
9 MM1-3-1 | 45.99 100 12.00 5.04 3.84 8.05
10 MMI1-3-2 | 50.00 50 5.00 5.06 3.84 9.63
11 MMI1-3-3 | 50.00 50 2,00 4.84 3.82 23.05
12 MM1-4-1 | 50.25 10 304.89 4,17 3.85 0.026
13 MM1-4-2 | 49.87 10 88.17 4,50 3.83 0.098
14 MM1-4-3 | 49.98 3.0 126.67 5.20 3.84 0.024
15 | MM2-1 | 50.07 10 24.00 5.26 3.76 0.437
16 MM?2-5 50.64 10 41.00 4.51 3.74 0.218
17 LPI-1 | 50.05 10 33.62 4.53 3.73 0.275
18 LP1-2 | 50.16 10 28.67 518 3.72 0.368
19 LP2-1 | 5532 | 1.0 157.39 5.08 3.83 0.005
20 LP3-1 56.93 1.0 158.22 517 3.84 0.005
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maf 3.3 ggdramsiannwamnsn lunsFudureIRIsg 1 HUN 18 (D)

o p, | Yhw | nm o | fwi | anwmunse

nnuay | A0 os) | 3m) | Guii | (mm) audnars | Tunsdusing
21 LP3-2 | 5419 | 1.0 29493 | 5.19 3.85 0.003
22 LP3-3 | 4995 | 1.0 24599 | 5.17 3.85 0.004
23 LP3-4 | 58271 1.0 20164 | 523 3.85 0.004
24 LP4-1 | 4999 | 1.0 165.67 | 5.23 3.83 0.006
25 1LP4-2 49,99 1.0 152.33 5.18 3.82 0.007
26 LP5-1 | 5000 | 80 2.06 4.45 3.60 38.90
27 LPs2 | 50.04 | 50 4.00 4.45 3.60 12.14
28 LP5-3 | s0.11 | 100 5.00 4.53 3.70 18.68
29 LP6-1 | 4992 | 50 1.00 492 3.68 51.38
30 LP7-3 | 5761 | 1.0 156.10 | 5.17 3.85 0.005
31 LP7-4 | 57.51 | 1.0 57.84 5.25 3.85 0.014
32 LP8-1 49.98 10 59.33 5.13 3.83 0.167
33 LP8-2 | 4998 | 10 68.67 5.17 3.83 0.146
34 Lpo-1 | 5759 | 0.1 21.41 5.00 377 - 0.004
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3.5 spluezimnzrinamanageudietie

aplnamsnaneimsiadeshamsamannsalums il 32 uag
3.3, Joeinvosfiuogszndng 1.18 - 36.58% unzgoshnundovesiuagh 11.7% Tuvmefian
avmmusaTunsiuiuegsaTzvin 0,002 89 51.38 Fada1sd uazmamawITeluns
Sukumivedi 52 fadmd8  daderhwvesiufignesiilszina 1123% wasm
anuansalunsFudin 0.1-500 Tafen? (Thongpenyai, et al). WowSvufioumii ldnn
ﬁum@:wmﬁ’umﬁmﬁanﬁuﬁaadw?};ﬂﬁiwﬁ'm%miNm@aﬁuﬁam’fﬂﬂé’xﬁmﬁu UAFIAIAIITE
Tumssurusssrumegatumlumunugnemangdaiuuin Lﬁmmmﬂﬂmﬂmma

L seaamdonduiannmsin Wy mmsieinnududuasiiunsny

Arodhafivetiig

] ]
4 =

2. Medsiufignazaunnonatny sl wzdudedisiunislugs

o

-1 ar

MoTIFEIIALIN
1 d:l s!'. 9H @ o [
3. amuaneslunaieg QouluhlFlumsie, a1y overburden, AU
UITYINP UATYUHN
3.6 uUUdIRRUMaIn MR
o 1 o o o ey [} <h
3.6.1 mrahwuusesumasimiulTasdelutenl §iianmadludiuniisves
oo 3 &:? y @ - " w3 [V .
NuItensall WeAnudednyaziemisns Inameluunasdnnuaunnymassell (radial
b v
< I o . ¥ o o
flow) uazfndamstimsnhdudiody (Water flooding) Aawdnuaizmsinnanguuy
k' } ]
five-spot Tagauth1Amaneaiauuy direct fire-spot AZIUY inverse five — spot LUUTIABI I
oo dy 9 o] o o oy ] ﬂ W
st ldunvezadanriundseneudutiuuuy Tesllveumanninasou Tasasutiudi iy
@ at kY o a =] 1w d v SAf e ..
useiuuazldgouiiving 5 Tafwas wnudlanstounasinny anuauildsa  (inject
¥ o ¥
pressure) UTeansl 20-25 psi dauvearailunsmaansldh uazihd wnumsldihiuese g
Woazaanlumsdadenuazetn  uazmuisaveunulsed@nsamlunsdu lauazunud
vod o lvald
o =i o v v oo =
ginsanlFlunsadrawnuieewmasdnnuiTasdeudszooulide
Ed [ 3
1. uidezATanvu 0.5 17 1FUsenudu 2 ury cRef UM U IINMUT 1 10
1 g I3 o
YPIALHAITIADA 50 x 50 x 10 RUIFNLEURIAS
o = =) o A ¥
2. Woauuiae 1 sEunel 47 uaznAeIAITOUAZUNIUTEIS U 16 %R 1N 1Y
= ] =1 [} ~a ) :
davorannInduuHLeEASan

g iy o
3. WANRINUVUIE 1x 1 YY) ¥1IT7UNU 6 LUAT
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d 1 o

4 MANYRAMATINNA 1% 11 6 A3 dmsuihinssfuginsaluvasdians
5. demdnuuie 614 A

dodeviogl L 1191 10 §1, T 10 1

unadanueu 1 A2

Maatladadwou 10 Hidnngums navesvounan

© e NS

o ¥
flinlina 150 w
10. FUWUAIIWAY stainless YUIA 200 AT
11. QAUAITIA 5 U3, 2000 g0 S WAL, 1000 gn unumsNIwTuiuns v
| g o o o
12. urdulsENUE19 8193890UMITIFUY0I 9 mad
L
13. oY 19UTN
14. ganaon IdWgealsaaud 6 4n
A A a ' i e LY ¢ A 4 oa d
malszroumIsalegnsaimimanesdn q TaniednwwazwinnuguimniedieInemmans
a 4 = - A 3 ¢ ¢ A M
wazmalulad Taomsiey nde ndon uazdu o lHveanueynsizvanguiniesiion
wwuasumasdnfivl lnsdoudiolszneundeslidnrunzaingii 3.8, 3.9, 3. 10 uaz 3.11
3.62  DIInanes
¥ 1
lunsilszneunendauazvedarildeonuuy o wsandoudnuuynis
i i 3 1 Y o o ~
Tnadeanuavie 18 Tasldnafuazvonats q venredndleiu degmulugli 3.83.01
3 ar AL -
minaassiuiiu 3 dnvuzio

1) naaealagdadinquaais (injection well) uaz vy 4 yuduvqueda

{Producing wells)



5N 3.9 dnwazmnamguuauuiiany

517 3.10 warasgahi laviounurgurAAIAE NNBANLY Five spot






44

2) nanosdamauimila Gnjection well) tag Wpuassduniiunguuia
(producing well)

3) ﬂﬂamé’ﬂn’l’mqwn 4 ¥1qW (injection wells) Lmﬂﬁﬁqmiaﬂmasﬂquwﬁ@
(producing well)

3.6.3 daminaasy

¥ ¥
] [

1) msmanesdmidmauaaieiezhunihdveieaseenldumuiith waid
ﬁi}zgmﬁ’mﬂnmannumﬁa 4 yu dnvayas nasensianqunatadiunis lvauuuiednad
(radial flow) Lmzﬁ’ﬂymzﬁwq’"lﬂﬁmmmmuﬁi{iﬁﬁ@gitﬁuﬂ'atJ 9 vwoon launseiainudh
"lﬂﬁawquwﬁm (producing well) ‘1::1 4 ¥ Ailunisi water flooding MUY inverse five-spot

a oy o 4 .. . o
2) MINARBIBAINNIMUNUNTIANQY (injection well) tazilaNguyNATy

q

]
a

Fuflunquudn (producing well) Aozfhnhdnsadldueeaanhanusauesnlifhins
Inauuy radial flow Lmzmﬂ‘ﬂmaq1‘31?ﬂmuﬁ*5111115&14quN‘Fmuawfmﬂ%’mﬂﬂmﬂﬂqmﬁm
Fumsia water flooding 1111 Single well pattern “1ﬁwa1ﬂu‘lﬁmumqy§

3) T%ﬁwﬁﬁﬂsﬁwﬂqu 4 QU (4 injecting wells) uazdanquaatadungy
waw (1 producing well) Wumineaaewuy direct five-spot water flooding Nﬁﬂi‘lﬂg’j’uﬁul{ﬁ
NnRa 4 Y %Uqﬁ1j1ﬁﬁagjtﬁuaanﬁﬂquﬂawq dafidlu laamaug

Nﬂmimamﬁﬁmmmuw@ﬂgﬂ“l@’{'h Usgauanududsmeauans udnds
Tidhlamfinedhl3 nanfe sebilddeyafiertin UM umsiuuuiinesnenfiamed

al

UsgaAniamlumsunufivesn Tua Waunsotasenu Idiluglsssw

3.63 uassauazdomuaiy
1 gnufaidiwmudansolngiiuhlasd fassnarsgn shldmslbe
Tl Darey’s Law (1aludu porous media) LaguoufiudnpazmsumuRiveumad
“hjﬂ?’ﬂﬂ'as1%’@;]ﬂuﬁ"ﬂﬁﬁﬁmmmﬁnm”nﬁmn Aumsmaneensanin 1a'ld)

4
) mslduiumaadnnn 1 i) anuuduesasan miTeznausesa i

el

3 msmIisagrum i Bonaioududufin Sezldnansefu
iluese

4) 5’1“!6%”3’6@;Lﬁm5ﬂﬁamiuﬁuu,mwf;”uﬁu AT Iamsmioudaed 9
lna Tagl#nszua Iy WBrafidlugdsssmiT i oudeuviod Suuduuudiaet

AoNAUADS &
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4.1 oy lvesiEmsdudami
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Proguction Flids (O8, Gas and Water)
Separation and Storage Facikties

i

Produced Fluds (O, Gas and Waler
Separaton angd Slorage Facltes

lejeclion Well Water
0

Irgecion

g 4.2 weaadEmsy 161 Insdeudaefzmsuoulaeenlod (Green and Willhite, 1998)



T h

Oit and ~4&:
Water

Water

Water

Polymet

Polymer Flood

U 14
31 4.4 waasmsnSoudoumsiulal Tnsd@euvedimsdudeiduismsduld

Wlasdendroastsznon Tnawe § (Willhite, 1986)



Y Wastes for
Disposal

Hydrecarbon Waler for
Transport for Sale 5 Discharge
Qil'water
Separation
fnjection

Producing
Well

Facilities
injection
Well

3
-5 MNUAAINTEUIUNITIANITV09TT NI TUSI89T7 (Thakur, 1998)

Reservoir

31l 4



49
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1. Yoyan o ndol§iiants deesiideyafd Al

1.1 ﬂmﬁuﬁamaweﬁwa (fluid properties)
a @ Y wean o o o v o
dmsudoyavesnmeanifvesvesnanduiludeldlunszuiunsdu
3’ 1 ) o ot I A 4 i Y
#oi dauIngezduguantifvesves lnann)aeuudadhl Welinsaldsunlasnnudy
3/ I
wezganndl 1wy anwwilavesvesina Wudu nenviniu gaauiinidnunilveswedlng
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oy daudsznevvsses vanianuddgylumainninsaninidimsdudoiun

lddodudu
1.2 uanUAuBINY (rock properties)
t?m%“uamauﬂ’ﬁmmﬁuﬁﬁﬁtg@iamiﬁﬁ*ﬁ‘mssﬁ’uﬁ”m{wmﬂS$Qﬂ@7ﬂ$ﬁ
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s o 2 a P .
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o d'. " = ‘é i = o e
unzaTRoUyNduFave o uraifavuiu FedudugUuuui tezlinveuududmy,

n7190° dalunsdifdlugiuuui 2 wlinweaududauinnii 90° (31 4.6)

Tow bl bbbtk 1
| |
| [_crvsTAL ] |
| WATER ( oIL ) :
f [_crostal__ ] |
b e ]
ROCK SURFACE
B 1
* i
I ]
1 aiL WATER-ADVANCING
: CONTACT ANGLE
LOSIRNE. (O N |
WATER -WET OlL-WET J

511 4.6 uradnvazvBRNNA R0 IumMsAgaveuHa Ve U A 19 (Craig,1980)

H
o =l e 1

e a ar g’ o Elg o d
TunmnidSnsdudiniiunilizgnd ldiu lunsdinduundednmn

Tasdoufiguandavesanuansalunisdsgavesmarvesfuflugduuui 19

U
¥

(] 2 o S Y = v a P I
mgaruedagilumsthassuaumsindimamsnda Tasismssudoinmlsegndld

Ow C; o T Qs -] s 1 3’ at = T 4‘
mwthiisaashlluvasdnnul Tasndouezannsadmmstu latnin1ddn i lugtaui?

mmﬁuzuﬁﬂ (capillary pressure)

o [y o

usuanusugdnisiuguauianianlunsarugudnuusms i

. "o d o ] ﬁ woow o 3 o ,1'11
ﬂﬂﬂﬂiﬂﬁl‘lﬁaiuuwaqr]ﬂ!ﬂu Tﬂﬂﬂ?]ﬂﬂuzlaﬂﬂgk UATIUFUWUTUDIAIULANATITSHID

ar

s i o ar { =Y P glact ! ]
anuanvedved lvafunaduiagifinnuawiselumsdsgaued Inayianilslaanad

9

- =) A w =
"lﬁaammwm fanaaaluaumsi 4.1

PP = (26,% COSQJ
r

e { d =]
Tag P, fi ﬂmmuﬁsawmmmﬁﬁﬂ'Jmmm'iﬂ°luﬂﬁmaﬂmmmawmﬂu“

7 (pressure of nonwetting phase)



51

P, fin Anwauvasvsaraninnvawisalumsfgavesmaivesiulfa

(pressure of wetting phase)

, D usadsEIsEnIveuraInlnnuannsalumshsgaveunaves

A Py T A o o =] = 9=y
suldliaieutuveunariiinnuamso lunsdsgaveurnatvesviu 1aa

=

o o e - 3
g fo uu'd:dwﬁﬂmmmmmmmﬂum Hay

r 29 SATUDINEAUDIVDUNA

L4

anveausalumsldved Inadumu 1ddung Gelative permeability)

o Qs 8 = 9 ar Qs o 3 = )
ﬁ']ﬂ'illﬂ'J'INﬁTN']iﬂﬁluﬂ‘]icl‘ﬂﬁllﬂ\‘lulﬁﬂWNWWHqﬂﬁNWﬂﬁﬂlﬂﬁaﬁuﬂu%b’lﬂu

'
sy el

qmﬁumwuﬂ3mmﬂmmﬂmwmwaﬂszmaﬁhm1ﬂ@iﬂmi“lwawwm"lwaimmﬁaﬁmﬁu
Masidoy Taearvewmnvansolunislives Inadurldduinfvesiusduany
Suiniszvanamanuawise lunis ves lvawiialag Furuldaonnuaisa lunsld
wosmadurn Idduysalvesiiu dumasluaums 4.2 Saauns 4.4

[ 3
" asdin 1 voe lwaithnd

k
B, =—% e AT 4.2
k
AN 2 ﬂlm"lwmﬂuumu
k
B,=-2 e AUMT 4.3
k
AFAIN 3 voq luathune
_ kg
ko—_t& R AUMT 4.4
tg k

@

o

Tae &, .k k,, ﬂﬂmmmmm“lumﬁqmmu"lﬂﬁfuwmﬁummummmwmcﬁ

ro?

AR
k, .k, .k, fin mmmmm”lumiﬂ]mwm"lwmu1 umuuaumcﬁma"lwamu
AU Y
k A mmmmﬁﬂ°luﬂ1ic’§mmu"lﬁﬁ'wifﬁmmﬂ§'uﬁu
1.3 gaiautianiy lvaluuvdsfndy (flow properties)

dmsuguausans maluunasdnifuezfanud dgyfifea Tosdu
.“"'ﬁﬂum“mﬁ”lwamawmllm”luamﬁaf'fﬂzﬁvmmﬁw TnofinuauAfidfay 1y §asidan
m15Lﬂﬂauwmaqmeq1wa (mobility ratio) 1 ﬂuﬂmﬁwmmmmTammﬂmmmmmiums

"lﬁ'um"lwaeuumu”lﬂﬂuﬁ’mummmmwumawm"lwa Suaaanudunus B luaums
“45



52

M = Koo x Ho

#w kro
= o 1 A =1 :‘ 1 ny o
IﬂU M £18 9RTITIUAIIFADUNUIIUINDUTYU

——————————————————————————— AUMT 4.5

¥ i
4., i, 10 Anunilaveaiwavihiumuday
=y = 1 e 4 A 1 o et w 9 :
TaglunisAnsandwnasinpuinminzayaen st msdudreing

o g.lg 1 1 ar 1 A o4 a0y 1
ﬂi%t‘;ﬂﬁi“}mu 1Y mmmamnmum‘imaaumﬂwm"lwammzumuaﬂmw 1

1
L]

A w : v 'V w g
L4 anwawselumssudavesiiuideunisedluundadmny

5180y (residual oil saturation;S, )

v I

T ¥
dwmiunnuause lunmsduarvenhiuideunieagluunasinfy
[ - : o { 1 a =N VoW @

as@on 1iluarvewlSinavesiniui ldawsaninssda ldanuvasdndud] TnsiGoy

A [] 1 o :‘ @ t:{ =y 1 c'; a
FaedwasolSunaweniniuReransonan 19 lasdiaivesanumuisalunissudive
oy ar :;af 2 [ i w o =t ot = ] ' o a
Wuiuideundosdluuvasdninull Tasd@endiags sxfinnumineds luawisadimanda
:’ o i =, = < [ r & ad w 9/ :’ g Y ﬁ' -
WidulaTudsusinwels 33 lumumzaudamninnimsduaethndszgna 1 amy

a a A a v A a gy 'Y w1t ayr Ay 3
UTnamseas WesnntSinsveniuwiuivesda ldervee liduiuamlddendedldlums

AMIHAR
i
1.5 ﬂmﬂnﬁﬁmmﬂw (water properties)

o as oy : b1 & s = = ! I
T35 msdudravinu ey anmssasil Tanidey dany
o ﬂ oA = [ =5 wa i :‘:: o B [ 1w g
Sufluedredanezdemswtsquandanieeahivsinnldlumdaad i) uumasdnny

a A YA ¥ oy a wa 14 . A
Ylasidey iWewmmhiviun i desinumnimmunzay Titwziludauilszneunfean
oy oy o 1 S " e “ Y *ﬁ ‘]:j ﬂ
Wutuvoaashazatoey lui anmarsiumnzuisanudmnie iuasanudunsady
| : o g 1 1 = = 9 @ 3 " e
a1eveai luiuswzdwmansenuaemsnantl landould  sndredravulunsn

' { ' e I as 1 ¢ o d
dautszaevnionududuvssmisfiazawedlnhwnldhimsdansguudsind

)
at o =ist L]

1 LT = a =3 o ey ey o
Miasdouuandeduhidegluuvddindud Tas@oussiidifansdlgasouaiituves

¥ Yoo

a ' o A @ o MA 1 a -] 2 o Y a =)
asfazaweglurhifidaalalfniiifiegdnluumdadinny dso1vszi ldifianisannan
Twsivnaaslsznonurariiai i lgaduluvesinwesiuniodinanisznuednyes

=]
n3 avesvesnaluunasininud Tasidon1d

Y 4  ay o o
2. ‘U@Hﬁﬂ]ﬂﬁu’!ﬁ FINSHUBHDA TS AU
¥
- ﬂﬂﬁﬂﬂﬂﬂ?}ﬂﬂﬁﬁﬂﬁ'] (water injectivity)
a = ¥
= ANUAUYTIUNUNQY (bottom hole pressure)

b3
a @ W a [ 1o od
- MInsEawYesed mavinrgudmiudarh I guuasdony



53

A o ¥ =g G o e o 3 :’ oq 3 3
L'JJ@cn']ﬂ']ﬁi')llﬁ?ll"’ﬂﬂllﬁcﬂﬁ]'ﬂﬂuﬁ]'l’]ﬂ-lﬁu'n‘ﬁﬂ15%Uﬂ35u1“1ﬂ53q7\ﬂ1%“ﬂ3

d o ¥ 1 o _ et ar Y :} v A = = &
@3 Aazdrgnszurumaeenuuumsihismstudsshn gwumsnaail lns@ey Fail
¥ W dy
JUADUAIY

o o 1 -] -5 ] o oA
- Wimsdsziudnuaizarsvemrannnull Tasiden srwdelszaninm

2
manantl Tas@evvemdasnidudud gugiidae

- hmsidongaliniuvesmsaszievesnqudmiuiimsduami ldiian
3
pngeuuaslivsz@niamgsde Tasgiluunvosmsnszagveanaudmiuiinisdudani

sefignarnnarugunuiuegiudnymsmanienisveanquniail Tasidonidegluuvds

Dasidon (U 4.7)

_,-0-,‘ '.-&-.
; ' 7 \ P
\GIO)‘X?\NO ° ’d‘ 0;0’/,\0; . { / A
L P B \éa V4 a g ¢ A
0 :Ai’t ole ?/ Q[’ B;,A\ o/ oy’}s \ ! “ }
Lo AR Aixo,“f ‘.f\\o; ° Tg-5poT THREE-5POT
, [ 7 -
o‘\ti/olﬂ) 0,‘4"6!0,\9%@
N PN AT
“ato o oo Wole ™ A INJEOTION WELL
O PROBUGTION WELL
REGULAR: FOUR-SPOT SKEWED FOUR=SPOT e PETTERR BOUNDART
f: A A
AL ASAL petor ror
N L s A
, v b iy s P S
o X o X opn a —f:b : ?-o-:o|
o4 | |
’ v /
WS ottt bt
> 4 \\ 4 \\ =l - .-” &
o % o X o e st B S e
, .
K’o\hl’o\h/,e A O A © A éﬁ P C|) A O
FIVE~ 80 NORMAL NINE-SPOT INVERTED NINE-SPOT
~SPOT

-Q--sw?d -?»- Q—-#_-O‘-*}"O-ro-iwo
|

_,g;n_.._

{
f l i
| : 1 1
fw-@a O freh 0w 8 g0 S S S
¥ [ T T S | { = 1]
o o s 0| !
DG ]
—~—— Am el o oo A \b.._- [N
h z{ o }s— | 0 c{y—?——«?---(}-(} 0-4-0-1-0-1-0-1-0
1 . i 1
9-«-50 Aga~«- A A I R A
[ T B R | I l 1 1
Yo 0 et oeeed & b-—-o U S0 U S Y VU V. S
SEVEN-SPOT INVERTED SEVEN-SPOT DIRECT LINE DRIVE  STAGGERED LINE DRIVE

-y * 'y @ st ) g’ .
3N 4.7 ammaasgnmesmsnsznsussgudm §uIEmsdudieii (Craig, 1980)



54

¥ ¥y
-Aimsdszaiudasinmsnaeil Tasdouuazdasiniseniin lasdaitnisaiiig

Q b = @ g ' s v : A
dunlFhdinsdudnih ez pluuumsnssnvveguiniudathudasluaisai 4

H a ¥
M3 4.1 qunsnisiinundanmssaihdwmiuiimsdudnihlueeazgdnuveams

14
AszveIHaudmiudatl1 (Willhite,1986)

Direct Line Drive

3.541 khiap) - . L]
= T
a a d
" ln—-—+1.571-a---1.638 _L
Tw - A a
d 1-—— o —f
';' - A - -
Staggered Line Drive ._[ . .
d
3.541 kh{ap) » LA -
§am s W e e e B
p(ln L +1.571—~1 .338)
e ° . I
- -
Five-Spot d/
A/
T e B KRR c
( o ) - -
#in — —0.619
rw
t&\a
. 7
Seven-Spot o o
e TERARY D * ¢
d -
wlin — —0.569
fw
2T : s
Nine-Spot
d
; 3.541 kh(ap),, £ Se J— A es
1+R(| 5 0272) e
n =— —0.
2+R o # ca ﬁw«— d ——-1
s c

7.082 khia p),,
R d osa3 | T ’
31 (ln — 0.272) - ] i)
2+R [ 24+ R

R = ratio of producing rate of corner well to side weli,
(8P}, . = pressure difference between Injection well and corner weli, and
(8P} s = pressure difference between injection well and side well.
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0 0

1 3,650,000

2 3,650,000

3 3,660,000 )
4 3,650,000

5 3,528,544

6 1,500,990 ]

7 916,148

8 623,042

9 490,992

10 404,050

11 350,086 L
12 312,034 )
13 281,090 ]
14 253,770

15 230,668

16 210,088 ]
17 193,104 ]
18 178,236 .
19 165,608 ]
20 153,684 o
21 143,542 o
22 134,516 I
23 126,726 I
24 119,024 I
25 112,328 I
19U 25438270
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(3) Hanmusgnetl lnsdou
3
- 510 1891nN15 VT UAD (Gross sale income) = 50,876,540,000 1™
3
- Auamustanua 12,270,000,000 1% wiaflu

1, mldtwlunmsdrsremesitiineuazssaidnd 200,000,000 U

2. i lumsveduilmu 150,000,000 1%

3. algnelumsengudrsisuasdsziiuka 420,000,000 1%

4. mlFnelumaniznqueda 1,500,000,000 U9
5. mlFawlunsdaadeginsalmsnin 10,000,000,000 U

-mldmstumsdutiunsaaealngans (Operation Cost) 23,369,945,374 1M

kY

- Auidyuiala
1. ANIANAI4E 5,301,184,100 110

=Y

2. miiu1ddosay so veamls =7,618,297,313 um

(4) §18951A15AUNY (Internal Rate of Return) 3oway 17.22 uazlidadaum lsaeGuasmu

(Profit Investment Ratio PIR) WA 1.8904

o <5 o o el = ' =
maan 7.3 agdmsleseiirsegmaesiupluuud 1 astigduundesii 1

Uinaniviidufinga 1dmun ﬂ?mmfiﬁuﬁuﬁﬁmﬂmmﬁﬂ

25,438,270 113150 109.05 A1111515a
SmrhsuRunaeaTasems 50 sandisa Sasuandsu 40 vy
MmanarsdauunduTii S§A5I90NY 10%

danAunuiowdonid 40.71% gasnununiniont 28.85%
Spnusnianald 5,301,184,100 11 flsnoinat 15,236,594,626 U
ffunidituld 7,618,297.313 U i lsndainnbiduld 7,618,297,313 uw
audhudnlsqns 7,618,297,313 um ﬁ'ﬂdauﬁw"lsﬁieﬁunméuﬁu 1.8904
ﬁﬂlﬂuﬁﬂifﬁ% {Discounted 10%) fadmils (Discounted 10%) 79
2,286,773,958 11N Gunuisudu 0.5674
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Hivmswan Snamendminiudused
0 0
1 3,650,000
2 3,343,893
3 1,852,150
4 2,016,464
5 2,084,706
6 2,031,539
7 1,948,000
8 1,902,506
9 1,879,848
10 1,846,616
- i1 1,821,182
12 1,753,812
13 1,624,406
14 1,486,718
15 1,410,040
16 1,343,642
17 1,279,842
18 1,215,056
19 1,155,256
20 1,094,984
21 1,043,384
22 997,832
23 958,736
24 917,728
25 881,848
| 593 41,540,188
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() wandu AL 18T IS TN 41,540,188 V15150 Asiludoeaz 38.00 ¥nq

Usinaniiiuaviifedluumdsiniy
(3) HamsATuAsugnell Tns@en
- 'a”IthlF?l"inﬂﬂ"l‘i‘U’lﬂ‘L{?ﬁua‘lJ {Gross sale income) = 83,080,376,000 U4
- L’Sunmuﬁgwm 12,270,000,000 Y9 1aiaslu

o o

1. 1o umadisrmmessdlinewasssfidand 200,000,000 1

2. mlanelumsveduilni 150,000,000 1119

3. Mldnelumaazngudswezlseiiuna 420,000,000 19

4. anlFnwlumsmznqunaa 1,500,000,000 191
5. mlFelumssaaiiegilnssimandn 10,000,000,000 119

- lanwlunmsduiiunmsaaon Insan1s (Operation Cost) 40,312,282,732 11N
9/

- [Juisgua’la

1. AMAAYaN 7,186,128,016 U

2. mukuldSesas 50 wpat'ls = 14,864,046,634 YN

(4) Tid6n5115AUNU (Internal Rate of Return) §o8az 13.09 uazldadiui lsaoiuamuy

(Profit Investment Ratio PIR) 101 3.6883

=§ o s o i~ -4 T P
MmN 7.5 aglnedmansdiasegmaadlugiluuui 1 nsdigluuudesi 2n

= 3;_(11 =y dl = 3 = oy' al = drq 1 T 4
Psuaniuiuaufinga ldwanua USnaniniudunfiegluuvas 109.05 Auwsia
41,540,188 115150 |
simiuAunanalaiems 50 $aAnsisa sasuanlasy 40 1N gy

ar ¥ -

AmarasAauIUiu e gnsinanily 10%

e
sarAuUnemAsmY 32.36% dasununduiont 24.62%

]
SpAvimmavaeld  7.186,128,016 A'lsAourinandl 29,728,093,268 1
UM §
o o oo 9/ 0 [ = oA g/
SymunmBaula 14,864,046,634 UM Mlsnaaina®iduld 14,864,046,634 1M
AadiulsgnT 14,864,046,634 1m fadou lsofuyuisndusee7 |
ﬁmfluﬁw"li ’c’i‘ﬂ% (Discounted 10%) Yadui'ls (Discounted 10%) Ao
2,875,353,892 U SUNUTUA 0.7135 o
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@ 9 ¥

a o a o o o o o ™
fimainiimstudeinmiszgnd [9vdsanimswia luduiiuna 3 1

=y ci'. a oy L) =Y : oy [ =t
Phdimsuan UFrunsHand I uAUaDY \‘
0 0
i 650,00 T
1 3,650,000 o
2 3,650,000
3 3,660,000
I
4 805,434
5 768,038
’,_
6 909,599 J
7 1,130,785
3 1,286,568 ]
—
9 1,458,112
10 1,599,474
11 1,690,814
12 1,727,888
13 1,718,626 4
14 1,636,416 ]
15 1,509,802
16 1,429,104 B
17 1,371,852
18 1,301,434
]
19 1,229,792
20 1,156,082
21 1,094,060
2 1,039,588 ]
23 994,828
—
24 950,876 ]
25 914,136
371 38,683,308
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SN IMUA 38,683,308 U155 A

4

»
@) waminfuay 1dd ailudeuay 35.47 vea

a :’ o = ' r o o
Psnaniniuauitog luumdeinny

() wan 1A s ug el Tasdoy
L d
- 516 189015081 1UA (Gross sale income) = 77,366,616,000 1M

1
- FUaIUTIVNQ 12,270,000,000 1 iy

o

o

1. mlgelumsdrsianessdiineuaz 5o

fnd 200,000,000 1
2. e lFowlumsveduilniy 150,000,000 1N
3. enldwlumsmgnqudiswazlsediuma 420,000,000 1%

4. nldwelumsengqunda 1,500,000,000 U

5.1

-1

IHiwlumsdaasiegilnsaimsndn 10,000,000,000 1%

T¥91elumsaiunisnaon 1nsan1s (Operation Cost) 38,910,595,170 UM

[}
- |

-Juifgumld
1. MAINKUAN 7,039,616,224 110
2. miAuidisuas s0 veafls = 13,665,619,704 1
(4) 719N3INIAUNY (Internal Rate of Return) $ovay 10.07 uaziidadui lsaeduany

(Profit Investment Ratio PIR) (M101 3.1068

-:; = o o a =} 1 =
M 7.7 aymsdmsieiesygmand lugduuuh 1 asaigduuyudesi 24

T 1 EY ¥ [l
PSinanihiuduiindaléivus UFmeninfuauiniogluumnas

o Y ¢
38,683,308 U13tin 109.05 474115198

£
e @ A o
sniniuauaaoalasems 50 $andisa

dasuanlfon 40 vIMAnIHYy

r
AmaraNAauULTLII Y e

57
dasmendle 10%

€

& f

CER DUTBNTH 30.25%

o =

2,015,605,171 1

AU UA gasuunduionId 21.07%
Spfuainianadld 7,039,616,224 1n f'lsneutinnidl 26,186,020,830 UM
%mﬁﬁuﬂﬁ’ 13,665,619,704 1% ﬁ1"l,swﬁqﬁ’nm§n,3:u"lﬁ’ 12,520,401,126 U
A lemT 12,520,401,126 v fadrum Tsdodunuisudu 3.1068
ﬁﬂlﬂﬂﬁﬂiﬁﬂ% {Discounted 10%) Facrui'ls (Discounted 10%) D

=y

Aunuisudu 0.5002
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asl < = oy @ A = [ :; =t ' ci oy
mann 7.8 Uinaninanihiudvdevinuuuiaedlugduuui 1 asdipluuusesh 26 i

¥
anisTudstiumliszgnd ldndmnrinseda lduduiunat 4 1)

Yfvhinswda dFnamssaatiiduse
0 0
1 3,650,000
2 3,650,000
3 3,660,000
4 3,650,000
5 308,032
B 6 302,931
7 280,502
N 8 295,620
9 352,387
10 481,119
11 658,939
12 834,050
13 1,037,370
14 1,264,380
15 1,435,046
16 1,450,614
17 1,433,308
18 1,384,566
19 1,305,496
20 1,217,334
21 1,142,136
22 1,079,872
23 1,029,778
24 979,374
25 935,258
T 33,818,112
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(2) wanisuay 1ddSussmnianue 33,818,112 v15isa AntTudosasy 31.01 vaq

o 1
~

USinanhiufuiiiegiuumasdnfy
(3) wamad s ugietl Tasdeu
@
- 510180 nmsneTiuniufy (Gross sale income) = 67,636,224,000 UM

- HUAUTIMNA 12,270,000,000 M RIRBIL

1. lFwlumsdisramassdiimeuaessdifdnd 200,000,000 1w

2. ldelumsvedudnm 150,000,000 119

3. misnelumssenaudrssuazdsadum 420,000,000 1%

4. Aldwlumsmzvquean 1,500,000,000 11h
5. lFelunisdaadiegilngelmande 10,000,000,000 119

-mlFelumsdutiumsaaea lnsenis (Operation Cost) 34,019,734,920 1M
P o

- [JuAfguald
1. MNMVEN 6,080,243,832 U

2. M 1A%peay 50 voanls = 10,673,244,540 U

(4) $18A51M3AUNY (Internal Rate of Return) $ouaz11.34 unzlidadium lsaeduau

(Profit Investment Ratio PIR) 11111l 2.6484

::i = o o = = 1 P
Q1NN 7.9 apmidnemasHgITes luguun 1 nstiguyndosh 2a

Paeninfuduiingaldnmua ﬂ%‘mmﬁy1ﬂ’uﬁuﬁﬁagi“luuwda

33,818,112 U15198 109.05 Smu151sa
smwhiuduaasalnsms 50 $Andisa Sasusanuifsy 40 v oy
T Sasmanidie 10%

ST AUNUAUANIH 31.58% 1 SasRunuvdadont 22.47%
Sqiumnnyaie1d 6,080,243,832 um M lsnousinn1d 21,346,489,080 U™
SqfumBiau 1A 10,673,244,540 U f'lsndainn®Ru A 10,673,244,540 4
Fadhuinlsqns 10,673,244 500 um fadaud lsdedunuisudu 2.6484

A i (Discounted 10%) #O

e

ﬁmﬂuﬁﬂ'sqw% {Discounted 10%)

=y

1,803,153,049 110 | FunUSUAY 0.4474

1
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M3 7.10 Pinamswamhfududsiinnumswedugiuuii 1 nstigtuundesd o

o
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imsiiEmstudatinndsygedlidndennimsndalbuduilumar 75

| ims | dSumsedaiisudy | Sadims T
AR Al a1 ﬂ%‘mmmmﬁm%ﬁ'uﬁm‘aﬂ
T
1 1,825,000 1 244,681
2 1,825,000 2 287,810
3 1,830,000 3 340,381
4 1,825,000 4 41 1,867#*—‘—_J
EE——
5 1,825,000 5 491,967
6 1,825,000 6 573,276 ]
7 1,830,000 7 1,024,452 1
8 895,290 8 722,394
9 ! 329,348 9 767,184
10 147,157 10 803,720
1t 81,186 10 831,204
12 54,986 12 840,764
13 46,632 13 841,632
14 48,043 14 834,094
i5 53,702 15 823,952
16 65,165 16 806,816
17 85,438 17 789,084
18 114,707 18 765,032
19 155,750 19 741,004 ]
20 199,196 20 327,112
334 28,330,026
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@) wiat AL S anun 28,330,026 11§isa Aadiudesas 25.98 10
ﬂ?mmﬁ?ﬁuﬁuﬁﬁmﬁmma'aﬁ'mﬁu
@) wamsdursug Aot Tnsidon
51618 nnmsnoi e (Gross sale income) = 56,660,052,000 U
- Fuatuianua 12,270,000,000 11 uyjaiiy

Y1 ) X Ao o IA
1. lgnlunsdirenuessdinewasssaRand 200,000,000 U

2. atgeialumsvedutnu 150,000,000 U

3. mldswlumnngngudrynuazyssiiuea 420,000,000 UM

4. i ldswlumnngnguede | 1,500,000,000 1%
5. a1 ldswlumsdaadisginssinisnin 10,000,000,000 110

-atldelunsduiumsaaea lnsams (Operation Cost) 31,757,559,932 U

1. ANIANEIL 3,439,793, 150 UV
2. mEu1d%evas 50 voanls =6,316,246,034 UM
(4) 13ifida31n15AUNU (Internal Rate of Return) uazlidadauf lsnaiuamu

{Profit Investment Ratio PIR) 91 1.5673

- a @ o = =t -
M 7.11 agdmsdmnsies ugmaas lugluuui 1 nsdigfunudesh 29

UsnaniuiuAufingaldiamue PSaniniuduifiogluunds 109.05 Swudisa
28,330,026 115150
¥ []
Li_lmﬁ‘lﬁ'uﬁumaaﬂ'lm&nﬁ 50 $/113150 onTwanyfouy 40 1nAnIuY
3 Fy
maananfauuuduule smsmene 10%
U & T = = @ = ar =y =l
gnAuUAoEsME 13.30% Sasunundaioniil 9.04%
Sptuamavanel 3,439,793,150 1w Mlsneurinnit 12,632,492,068 U
v d = 9 o v w Ao 9
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- g‘}JLﬁJU No inject - 35,639,945,374 2,286,773,958 17.22
ﬁ1_ il 21 1,000 $2,582,282,732 | 2,875,353.892 13.29
2 2% 1,000 51,180,595,170 | 2,015,605,171 10.07
| 3 29 1,000 46,289,734,920 | 1,803,153,049 11.34
4 2q* 1,000 44.027,559932 | -182,353,971 0.87
5 3 800 51,996,062,527 | 2,761,016,309 12.68
u 6 3% 800 49,007,359,998 | 1,955,283,065 10.22
7 39 800 45,332,745,580 1,649,868,994 10.74
suluad
8 2 2f 300 11,069,696,066 411,033,862 542
9 24 300 10,917,392,414 | 577,572,793 11.59
10 2 300 10,253,941,428 | 677,614,263 14.13
1 24 300 9,810,358,971 442,815,882 7.61
B silupud
12 3 2 200 1,223,745,452 37,273,134 7.57
13 3 200 1,164,020,797 40,023,135 7.83

*a1 40 1)
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oil Recovery flsmell fMlsudainmi flsvdainmd | Sanmls | sesdls | Sesils | mlmdwin | slemdwinmd
Production | Factor Aouna1g Aula Auld dotliowdn | wdwfamd | wivinmd | miEuldee duld
Total (Discounted 10%) M Ru'lddedl RAuld Ruaanu Discounted 10%
(bbl) Discounted ADANAIMNY
10%

LKB Noinj 25438270 | 0.2333 15,236,594,626 7,618,297,313 2,286,773,958 |  40.71% 28.85% 17.22% 1.8904 0.5674
LKB inj$ 2yr 41,540,183 | 03809 |  29,728,093,268 14,864,046,634 2,875,353892 | 3236% 24.62% 13.29% 3.6883 0.7135
LKB Inj8 3yr 38,683,308 | 03547 |  26,186,020,830 12,520,401,126 2015605171 | 30.25% 21.07% 10.07% 3.1068 0.5002
LKB Inj§ 4yr 33818,112 | 03101 |  21,346,489,080 10,673,244,540 1,803,153,049 |  31.58% 22.47% 11.34% 2.6484 0.4474
LKB Inj8 7yr 28,330,026 | 0.2598 | 12,632,492,068 6,316,246,034 -182,353,971 | 13.30% 9.04% -0.87% 1.5673 -0.0452
LKB Inj9 2yr 40,781,196 | 03740 |  29,566,329,473 14,783,164,736 2,761,016300 |  31.44% 23.95% 12.68% 1.6683 0.6851
LKB Inj9 3yr 37,148,260 | 03407 |  25,289,160,002 12,325,264,289 1,955,283,065 |  29.82% 21.25% 10.22% 3.0584 0.4852
LKB Inj9 4yr 32,862,718 | 03014 |  20,392,690,420 10,196,345,210 1,649,868,994 |  30.87% 21.82% 10.74% 25301 0.4094

SP Noinj 572579 | 0.1971 3,717,913,002 1,858,956,501 529,649,567 |  36.16% 25.23% 13.84% 13836 0.3942

SP Inj4 2yr 8,735,756 | 03007 6,401,815,934 3,200,907,967 411,033,862 | 21.54% 15.96% 5.42% 23823 0.3059

SP Inj4 3yr 8,613,494 |  0.2965 6,309,595,586 3,069,382,715 577,572,793 | 33.01% 22.74% 11.59% 2.2844 0.4299

SP Inj4 dyr 8A411,746 | 02895 6,569,550,572 3,284,775,286 677,614263 |  36.34% 25.54% 14.13% 2.4448 0.5043

SP Inj4 7yr 7875979 | 02711 5,941,598,029 2,970,799,015 442,815,882 | 24.43% 18.37% 7.61% 22111 03296

Fang No inj 703,501 | 0.1624 390,420,884 187,273,296 36,827,874 | 26.69% 18.37% 7.61% 1.5300 0.3009

Fang Injlnew 13yr 822,525 | 0.1898 421,305,308 197,768,696 37,273,134 | 26.69% 18.33% 7.57% 1.6158 03045
Fang Injlold 13yr 802,049 | 0.1851 440,077,463 212,101,586 40,023,135 | 26.84% 18.62% 7.83% 17329 03270
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4.3 TFluid Properties-

4.4

A total of three fluid samples, all from well A02, have been
analysed so far by CORE LABORATORIES. A summary of the fesults 4c
given in the table below:

DSTL PT2
bottomhole  recombination
sample sample '

Pbo {psig) 1710 2355 -2630
Rsi} ) (scf/stb) 373 637 575
B . .. f(xb/stb)  1.255 ~1.405 1.339
91’1,5*@3:3;_ (“API) 423 394 3%.2.
fas gratdry - - (afr=l)  0.848 - 0.798 0.739
Mob . (cP) 0,864 .. 0.765 0691 -
.vsep,  {psig) 100 - 100 1067~
. gep r 95 195 95

As tHe heasured GOR of the bottomhole sample compares very ﬁ%il

with~the GQR during production test PT2 in well A0,  the results of
that7aflalysis have been used for the imterpretation of ithe, -
prodifftion tests and for the reservoir engineering calculations

....

(chapter 4.5)

A graph showing the various PVY parameters vs. pressure is given in
fig, 4.17.

Drive Mechanisms

The Lan Krabu field consists of a large number of thin sand'layers

alternated by shales. During geological times there has been some

commuuication between the sand layers resulting in a common gas/oil
contact (GOC) and oil/water comtact (OWC} for a number of sands as
indicated by RFT data (see chapter 4.1). However, it is expected
that the shales will act as barriers during the, relatively,, short
producing life of the field (see also chapters 2.5 and 2.6).
Furthermore, the field is intersected by numercus smaller and
larger faults which hamper the horizontal communication across the

* field. -

In view of the above it is expected that wells in different parts
of the field will operate under various drive mechanisms, e.g. 83s
cap expansion supported by some water-drive in the relatively open
north-eastern flank of the field, solution gas drive if low :
permeable reservoirs in fault blocks-without a gascap or aquifer,
ete., ’ :

4.5 Numerical Simulation Siqu

4.5.1 Deseription of Model

In order to investigate the sensitivity of well performance and of
recovery efficiency on the various drive mechanisms a pumerical two
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dimensional (2D) areal model of the hypothetical, drainage area for
half a production well was set up. The model represents g 15 ft
thick layer dipping at an angle of 5.4° (see figure 4J48). The GOC
and OWC were chosen to coincide with the fluid contaect observed in
reservoir unit K (see figure 4,1). The size of the gas cap and of
the aquifer can be varied by adjusting the length of the
appropriate blocks, wiz blocks I=l and I=l4 respectively. The gas
cap size has been expressed relative to the oil column as follows:

Reb
ob

5

m =

&

where : G = free—gas~initially-in-place (lﬂgscf),
N = stock-tank~oil-initially-in-place (10 stb)
For an explanation of Bgb and Bob see Table 4.3

The relative permeabilities used in the study are so-called

Corey-type curves, i.e,.

1. for the oil/water displacement the relative permeabilities
satisfy the equations:

K =K_ (s %% and X =K _(1-5 *)%w
W wWor w o] ocw W
where : 5% = S Scw
-5 -8
oW orw

2, for the gas/oil displacement the relative permesbilities
gatisfy the eduations:

- n - *n
K K (SL*) og and K d(l SL e

=K
a acw g gen

where : SL* = SL-Scw"sorg
1-5

cw-sorg-sgcrit

Endﬁoint relgtive permeabiliries and residual saturations used in
the above expressions are given in Table 4.3. The Corey exponents
for the study were chosen as follows :

B, =0 = 1 (straight line)

n_=n_ =2

og
The production well was assigned a skin factor 5=10. Well intake
curves were computed for a 3%" tubing of 5500 ft length and a
minimum wellhead pressure of 150 psig(figure 4.19). Furthermore
the vertical permeability was taken as one-tenth of the homizontal
petmeability. The capillary transition zone was assumed to be
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A summary of the initial fluid properties and of the reservoir
properties which remain constant during the simulations is given i
Table 4.3.

4.5.2 Prediction Runs with 2D model

Figures 4.20, 4.21 and 4,22 show the dependency of the production
performance on permeability in case of :

- the presence of a gas cap (@=0.50) and of an aquifer (3000 ft

length),

- no gas cap, but with aquifer,

~ no gag cap and no aquifer.

The maximum allowable production rate of 1500 stb/day/well can only

.be reached for the higher permeabilities (say above 200 mD)., For
20 wh the paximum production rate is ca 70 stb/day, The presence
of a gas cap mainly determines the decline of the production rate
and, therefore, the time iz which the interval is exhausted. E.g. .
fqg_lgg_gg_gggig;ggence of a pas cap means that the time that
production takes place from that interval is increased from 2.5
years to nearly 4 years.

The o0il ultimate recoveries (UR) cbtained for the above cases are
shown in the top graph of figure 4.23. It appears that ;

- there is a strong decrease of the oil UR for permeabilities
below 100 MD,

~ the presence of a gas cap Increases the oil UR significantly
i.e. for m=0.5 the o0il UR is ca.50% higher than for m=0,

.= the aquifers which can be expected are too small to have a
marked influence on the oil UR.

Because little aquifer activity is to be expected it is clear that
the optimum well position is far downdip with the base of the wall
no more than 20-30 ft above the OWC, However, in view of the many
layers encountered in a well the position of the well with regards
to GOC/OWC varies from layer to layer. The effect of well position
on 0il UR was therefore investigated. The result 1s shown in the
second graph of figure 4.23. It appears that a well near a GOC
produces only half the amount of 2 downdip well. If no gas cap is
present the effect will of course be less significant.

The effects of draimage area {by vafying the width of the numerical
model) and of initial production rate om oll UR are 1nsignificant
as 1s shown on the third graph of figure 4.23.

Some of the results shown in figures 4.20 and 4,22 have been
plotted in a different way in figures 4.24 and 4.25. They show
better the difference in production decline between the various
cases. They show furthermore that the GOR vs. cumulative oil
production 1s independent of permeability. This curve s, however,
dependent on :

1. the presence of a gas cap and

2. the well position, as shown In figure 4,26.



In order to compare the results of further sensitivities a base -
case was defined with :

- a gas cap {(2=0.50),

~ an aquifer (3000 ft length),

- k = 200 MD,

~ model width (% well) of 1500 ft and

- well at 25% of oil column {x/H = 0.25, ref. figure 4,23)

The oil UR for ghis case 1s ca,25% STOIIP (STOIIP drained by half a
well is 1.11x10° stb), recovered in nearly 3 years.

4,5.3 Commingled Production

For practical reasons, however, each well will be completed on more
than one sand. Therefore a 3D numerical model was used to
investigate the effect of commingled production on the production
behavicur of a well. The model is shown in figure 4.27 and assumes
two 15 £t thick layers separated by a 50 £t shale. GOC and OWC are
the same in both layers. AS the base of the well in its original
position would have been in water in the bottom layer, the well had
to be shifted two blocks updip (600 ft}, Furthermore in order to
accommodate the GOC properly in the bottom layer the number of
blocks in the I-direction had to be increased by 2 to 16. The
porosity and saturations of both layers were assumed to be equal,
i.e, the STOIIP is_exactly twice the STOIIP of the single layer
case, i.e. 2.23x10° stb (for half a well). :

Figure 4,28 shows the production performance in case the top layer
is low permeable (20mD) and the/bottom layer high permeable
{200mb). It appears that oil UR is 15% STOIIP, to be recovered in
slightly over 4 years.

In case the top layer has 200 mp and the bottom layer has 20 mbD,
the production performance is shown in figure 4.29. In 3 years
time the oil UR of 14Z STOIIP is reached. '

4.5.4 Production Performance for a Typical Well

For Lan Krabu conditions it has been assumed that the production
pexformance for a typical well will be the average of the above two
commingled cases,” This results in the following production
forecast for such a typical well- (half-yearly intervals) :

Year . 1 2 3 4
months 1-6 {7-12 1-6 | 7-12 1-6 | 7=-12 1 1-6

Y41, stb/day | 13507] 850 | 500 | 350 | 230 | 150 | 100
GOR, scf/stb | 850. (2200 | 3800 | 4500 | 5400 | 4700 | 4000
BSW, % 5| 10 15 | 15 15 15 15
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In view of the large number of layers encountered in each well 1t
is expected that ezch well has to be worked over at least once
after the first layers have been exhausted. As the layers are
supposedly not in communication and alsc the herizontal continuity
is probably limited, this willﬁapprqximately double the drained
STOTIP per well to ca.9.0 x 10 stb and the producing lifetime of ,
well to some 7 years.

4.5.5 Water Injection

4,6

In order to assess the merits of partial pressure maintenance water
injection was investigated with the 2D model for base case
conditions (ref. chapter 4.5.2 above). Two cases were rum, one
with a dowadip production well (similar as for the base case) and
one with an updip production well. In both cases the injection
well was located in the aquifer. Some 80Z of total withdrawals was
replaced by injection water, Water 1s injected right from the
start of production ouwards and a 100% flooding efficiency is
assumed. Figure 4.30 shows the production behaviour of the downdip
well. Compared with the base case GOR'S remain low, but water cuts
increase sharply to over 60%. Cumulative oil production is nearly
the same as for the base case (24% vs. 25Z of STQIIF).

In the updip production well breakthrough of water will occur much
later than for the downdip well as shown in figure 4.31. In that
case a theoretical oil UR of 43% STOIIP is obtained.

Conclusions and Development Optioms

The Lan Krabu fileld consists of a large numwber of thin sand layers
alternating with shales. Three main reservoir groups have been
identified in which the individual sands have approximately the
same GOC and/or OWC (reservoir units K, L and M). It is expected,
however, that the reservoirs within such a unit are not in
communication.

The permeability decreases with depth, from ca.200 &D in reservoir
unit ¥ to ca.20 mD in unit M. Considerahle doubt exists on the
degree of horizontal continuity across the field. ‘

Due to the complexity of the field the main drive mechanisms are
expected to range from solution gas drive for low permeable limited
reservoirs to gas cap expansion supported by some water drive for
the more permeable reservoirs in the relatively open north-eastern
flank of the field.

The average recovery efficiency is estimated to be ca.15% of
STOIIF. The expected performance of a typical production well is
as follows (half-yearly intervals) :
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Year - 1 .. 2 3 4
months -6 | 7-12 1-6 | 7-12 1-6 | 7-12 1-6

911, stb/day | 1350 | 850 | 500 | 350 | 230 | 150 | 1lo0C
GOR, scf/stb 850 | 2200 | 3800 | 4500 | 5400 | 4700 | 4000
BSW, % 5 10 15 15 15 151 15

It is furthermore assumed that each well has to be worked over at
least once in its life to produce from other (undepleted?)
reservoirs as well. The above production forecast is then
repeated, thereby increasing the average life of a well to some 7
years.

The STOIIP drained by a well then adds up to about 9.0 MMstb., As
the total STOIIP for the field is approximately 180 MMsth (see
chapter 2.8), 'a theoretical minimum of 20 wells would be required
to develop the entire field. OCn the basis of a recovery efficiency
of 15% of STOIIP the oil reserves of the Lam Krabu field are
currently estimated at approximately 30 MMstb. The provisional
development plan, allowing for some well failures (example well LKU
- J01), assumes that the drilling of a total of 27 wells is
required for the primary development project. -

Pressure maintenance could be beneficial to the oil ultimate
recovery, However, in view of the numercus isolated thin layers
and the uncertainty regarding the lateral continuity across the
field, it is too early to assess whether either water injection or
possibly even gas re-injection can be applied successfully.

" In order to obtain the necessary production and reservolr
performance information it is planned to start producing from the
first five wells as from 1,1.1983, and subsequently the appraisal
wells to be drilled in 1983 will alsc be production tested. The
wells will be closely monitored during 1983 and, hopefully, by the
end of that year a full scale field development plan can be drawn up.



TABLE 4.3

RESERVOIR AND FLUID PROPERTIES USED

© "IN THE NUMERICAL MODEL STUDY

Original oil/water contact

Original gas/oil contact

Datum level

Regservoir dip

Regservoir thickuness

Forosity

Connate water saturation

Reaidual oil saturation to water

* Ragidual oll sdturation to gas
Relative oill permeability at §
Relative water permeability at
Relative gas permeability at (S ¥§ )
Vertical-to~horizontal permeabifgtyorg
Capillary pressure _

011 gravity (stock tank conditions)
Gas gravity (separator conditions),
Initial reservoir pressure at DL
Initial reservoir temperature
Bubblepoint pressure ) -
011 formation-volume factor at P
Gas formation~volume factor at P
Todtial solition gas/oil ratio
Water formation-volume factor .

_ Density of stock—tank ofl

Dengity of separator gas

Density of water at 14,7 psig and 203 F .

= Viscosity of ol at initial reservoir

‘ condition

;Viscosity of water at reservoir coud
Viscosity of gas at initial reservoir
condition -

Water compressibility )

Rock compressibility

0il comwpressibilicy

6,0,%(#
0GOC
DL

org
ocw
wver
gand
g7y
P. -

| Mgt

C
c
c

O.rh 5

5380

5100

3200
5.4
15 -
Q.20
0.35

0.25 .

0.25
1.00°
0.25
0.60
0.10
¢

39.4
. 0.80
2384
203
2355
< 1.405
- 1.29
637
1.0
51.6
61.2
64,9

. D.765.

0.40
0.019

0.000003 psi”
0.000003 psi”

ft.ss.
ft.ss,
ft.ss.
degrees

psl

PAPI

air = 1

psig
°F

" psig

th/sth
rb/Msef
scf/sth
th/sth

 lbs/cu.ft

1bs/Mscf
Ibs/cu.ft’
c¢Poise.

cPoise
cPoise

1
-1

0.000013 psi
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gt 1 nT0R 1

________________________________________________________________________
et

_______
-

File: Project2_ghdr.INC
. Created on: 03-Mar-2005 at: 14:58:22

*********************************************************************

o e ok s o
. ¥ WARNING *
- THIS FILE HAS BEEN AUTOMATICALLY GENERATED.

¥

. ANY ATTEMPT TO EDIT MANUALLY MAY RESULT IN INVALID
DATA. *

e spe o o o 2 s s sk ok s ok sk vde sk e oo s s sk ek oo sk sl ok sde sk e st sk sde stk ok sk ok ol sk sde ok st sl sk sk ok sk sk sk sl sk sk sk ok e ok ok sk e ool ok sl o ok ok ok
dopokokkoR ok E

-- Off GRIDGHDR GRID Module GridType: "Cartesian"

.- Off GRIDGHDR GRID Module NX: 25

- Off GRIDGHDR GRID Module NY: 25

-- Off GRIDGHDR GRID Module NZ: 8 :
-- Off GRIDGHDR GRID Module Grid Transformation: 6 3
-- Off GRIDGHDR (.0000000000000e+000 0.0000000000000e+000
1.0000000000000e+000

- Off GRIDGHDR  0.0000000000000e+000 0.0000000000000¢+000
1.0000000000000e+000

-- Off GRIDGHDR GRID Module Number of Layers: 1

~- Off GRIDGHDR GRID Module Grid Item Status: 1

-- File: Project2_init.INC
-- Created on: 07-Mar-2005 at: 15:57:24

LEEESEEEEEEEEEEEEE LR LEEELEEEEESEEEEELEEELEEEEEEEEEESELEEIEELEESEEES]
Hokokok ok o ok o

- ¥ WARNING *
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- * THIS FILE HAS BEEN AUTOMATICALLY GENERATED.

- ¥ ANY ATTEMPT TO EDIT MANUALLY MAY RESULT IN INVALID
DATA. *

sk R R R o KRR SR R R K ok Rk RS KR R KOO R R R R R K
kKR k&

-- OFFICE-INIT-HEADER-DATA

-- Office INIT Keywords

ECHO

PBVD

-- Bubble Point v Depth
3850 1800
3900 1800

/

EQUIL

-- Equilibration Data Specification

3850 3500 3875 1* 1* 1* 1 1* 5 1* 1%
/

M i —————— ——————— ————

-- Office PVTN (PVTN) Data Section Version 2003A_1 Oct 10 2003

-- File: Project2_pvt.INC
-- Created on: 05-Jan-2005 at: 10:22:38

s ok ok ok o ok sk ke ok ok ok ok e ok o ok ok ok sk o ok s ok ok ok ok sk ok ok ok ok ok ok sk o R o ok R ok ok o ok R ok R o sk ok o sk kb kR R KRR
ok ok 3 ok o o o ok

. WARNING *

- * THIS FILE HAS BEEN AUTOMATICALLY GENERATED.

*

- * ANY ATTEMPT TO EDIT MANUALLY MAY RESULT IN INVALID
DATA., *
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s 30 o e ok e ode ok s o o dle ok e she sk e e she ok sk ot ok ok sk ok oo s ok e ke ste e ol e e ol o oo sl ok e ofe ok ol e e oo o e ol ok e sl sl ke o ke sk ol ook ok etk ke o
ek ok ok e sk ok

-- OFFICE-PVTN-HEADER-DATA

-- Off PVTN PVT Tables: 1 1

- Off PVTN "PVT 1"

-- Off PVTN Correlation Data: 34 1

- Off PVIN "PVT 1"

- Off PVIN "SET VALUE FOR STANDARD TEMPERATURE TO
59.9999999999999 IN F;"

-- Off PVTN "SET VALUE FOR STANDARD PRESSURE TO 14.7 IN psia;"
-- Off PVTN "SET VALUE FOR POROSITY TO 0.2 IN dimensionless;"

- Off PVIN "SET VALUE FOR REF_PRESSURE TO 3500 IN psia;"

- Off PVTN "SET VALUE FOR ROCK_TYPE TO
CONSOLIDATED_SANDSTONE;"

-- Off PVTN "SET VALUE FOR GAS_GRAVITY TO 0.8 IN sg_Air_1;"

-- Off PVTN "SET VALUE FOR OIL_GRAVITY TO 39.4 IN APIoil;"

-- Off PVIN "SET VALUE FOR BUBBLE POINT TO 1800 IN psia;"

-- Off PVTN "SET VALUE FOR SALINITY TO 0 IN fraction;"

~Off PVIN "SET VALUE FOR TEMPERATURE TO 203 IN F;"

-- Off PVTN "SET VALUE FOR N2 TO 0 IN fraction;"

-- Off PVTN "SET VALUE FOR H2S TO 0 IN fraction;"

- Off PVTN "SET VALUE FOR CO2 TO 0 IN fraction;"

- Off PVTN "SET CORRELATION FOR ROCK TO NEWMAN;"

-- Off PVTN "SET CORRELATION FOR OIL._RS TO STANDING;"

-- Off PVTN "SET CORRELATION FOR OIL_PB TO STANDING;".

- Off PVIN "SET CORRELATION FOR OIL_VISCOSITY TO BEGGS;"

-- Off PVTN "SET CORRELATION FOR OIL_COMPRESSIBILITY TO
VASQUEZ;"

-- Off PVTN "--SET CORRELATION FOR NONE TO UNSET;"

-- Off PVTN "SET CORRELATION FOR OIL_FVF TO STANDING;"

- Off PVIN "SET CORRELATION FOR GAS_CRIT _PROPS TO THOMAS;"
- Off PVTN "-."

- Off PVTN "SET CORRELATION FOR GAS ZFACTOR TO HALL;"

- Off PVIN "SET CORRELATION FOR GAS FVF TO IDEAL_GAS;"

-- Off PVIN "SET CORRELATION FOR GAS_VISCOSITY TO LEE;"

-- Off PVIN "SET CORRELATION FOR WATER_VISCOSITY TO MEEHAN;"
-- Off PVTN "SET CORRELATION FOR WATER COMPRESSIBILITY TO
MEEHAN;"

- Off PVTN "SET CORRELATION FOR WATER_FVF'TO MEEHAN;"

- Off PVTN "SET CORRELATION FOR WATER DENSITY TO FVF_RATIO;"
-~ Off PVTN "SET VALUE FOR MIN_PRESSURE TO 14.7 IN psia;"

-- Off PVTIN "SET VALUE FOR MAX PRESSURE TO 3500 IN psia;"

-- Off PVTN "SET VALUE FOR TABLE LENGTH TO 20;"

-- Off PVTN "EXECUTE;"

ECHO

ROCK



-- Rock Properties
3500 1.52989636834116¢-006
/

DENSITY

-- Fluid Densities at Surface Conditions

51.637497914955 62.4279737253144 0.0499423789802515
/

PVTO

-- Live Oil PVT Properties (Dissolved Gas)

0.00147205112581786  14.7 1.07094615599284 1.25848346413148
198.136842105263 1.05501561257018 1.3038177153504
381.573684210526 1.05440666219081 1.38372584732077
565.01052631579 1.0541931998537 1.48667837998657
748.447368421053 1.05408438904723 1.61025577303765
031.884210526316 1.05401842145847 1.75411476018192
1115.32105263158 1.0539741555618 1.91880374064859
1298.75789473684 1.05394239506001 2.10536523322858
1482.19473684211 1.05391849656674 2.31516238841532
1665.63157894737 1.0538998623556 2.54978958659544

1800 1.0538886228226 2.73842958839219
2032.50526315789 1.05387268512769 3.10076938931455
2215.94210526316 1.05386247131256 3.42107176626802°
2399.37894736842 1.05385381930399 3.77405497264536
2582.81578947368 1.05384639631861 4.16192125041297
2766.25263157895 1.05383995784747 4.58692696017295
2949.68947368421 1.05383432020671 5.05136217135048
3133.12631578947 1.05382934273102 5.55752948125245
3316.56315789474 1.05382491587664 6.10772185218606

3500 1.05382095306558 6.70419940403551 /

0.0338004658811244 198.136842105263 1.08559044619935 1.075135302:
381.573684210526 1.07633778747796 1.09586117821181
565.01052631579 1.07311212656189 1.12783740702549
748.447368421053 1.07147134137325 1.16859531716169
931.884210526316 1.07047773914954 1.21695351597322
1115.32105263158 1.06981148908963 1.27227962546931
1298.75789473684 1.0693336971526 1.33422755467932
1482.19473684211 1.06897430925074 1.40261801495495
1665.63157894737 1.06869416429983 1.47737565665525

1800 1.06852522333731 1.53616969776512 '
2032.50526315789 1.06828570719049 1.64600484258066
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2215.94210526316 1.06813223743878 1.73997802673378
2399.37894736842 1.06800225101355 1.84049536007637
2582.81578947368 1.067890740998 1.9476501118115
2766.25263157895 1.06779402940426 2.06153922749712
2949.68947368421 1.0677093537058 2.18225829262578
3133.12631578947 1.06763459869663 2.30989735789734
3316.56315789474 1.06756811738193 2.44453739130503
3500 1.06750860822023 2.5862472(552392 /
0.0744431331929582 381.573684210526 1.10440565503535 0.92433609156112
565.01052631579 1.09731510183045 0.941057648486343
748.447368421053 1.09371839834052 0.964231461385351
031.884210526316 1.09154342504262 0.99280675249815
1115.32105263158 1.09008631302418 1.02616924751581
1298.75789473684 1.08904200531496 1.06393635885233
1482.19473684211 1.08825684494613 1.10586203257845
1665.63157894737 1.08764501758787 1.15178624474863
1800 1.08727614487864 1.1879017509217
2032.50526315789 1.08675328988076 1.25525431896529
2215.94210526316 1.08641834160348 1.31269297049578
2399.37894736842 1.08613468888948 1.37389892216226
2582.81578947368 1.0858913863906 1.43886067213729
2766.25263157895 1.08568039597439 1.50757312641268
2949.68947368421 1.08549568158912 1.58003403519652
3133.12631578947 1.08533262247251 1.65624117416835
3316.56315789474 1.08518762131239 1.73619006705951
3500 1.08505783575934 1.81987211425515 /
0.119458398169324 565.01052631579 1.12571964628256 0. 811102421 165531
748.447368421053 1.11964094082633 0.825534978202987
931.884210526316 1.11597235104802 0.844244160884639
1115.32105263158 1.11351724927728 0.866672062966726
1298.75789473684 1.11175899445108 0.892454505545347
1482.19473684211 1.11043777465921 0.921344125528037
1665.63157894737 1.10940865763004 0.953167944911663
1800 1.1087883810487 0.978268106749355
2032.50526315789 1.10790940997659 1.02515803437255
2215.94210526316 1.10734647286797 1.06516843760715
2399.37894736842 1.10686983465001 1.10778375309304
2582.81578947368 1.10646106358863 1.15296518349499
2766.25263157895 1.10610662796348 1.20068124904734
2949.68947368421 1.10579636923147 1.25090489381918
3133.12631578947 1.10552251260953 1.30361123848087
3316.56315789474 1.10527900661687 1.35877580223414
3500 1.10506107067593 1.41637307466493 /
0.167621013326928 748.447368421053 1.14902175378657 0.724619582703326
931.884210526316 1.14349314238829 0.737447406125316
1115.32105263158 1.13979936516897 0.75334218384874
1298.75789473684 1.13715636208487 0.771968600951975
1482.19473684211 1.13517159836041 0.79309066242474



1665.63157894737 1.13362640465508 0.816538234334821
1800 1.13269539940708 0.835115268507325
2032.50526315789 1.13137652455243 0.869936919865351
2215.94210526316 1.13053210879566 0.89971900728087
2399.37894736842 1.12981730032653 0.931473253795315
2582.81578947368 1.12920438639643 (0.965152064218167
2766.25263157895 1.12867302933331 1.00071537971708
2949.68947368421 1.12820796622067 1.0381281921847
3133.12631578947 1.12779751899657 1.07735863009294
3316.56315789474 1.12743260034456 1.11837645887933
3500 1.12710603301017 1.16115188964231 /
0.218286184706848 931.884210526316 1.17403799656816 0.65677122360588
1115.32105263158 1.16882854325667 0.668375873514854
1298.75789473684 1.16510659073741 0.682294946335412
1482.19473684211 1.16231371470753 0.698309979627909
1665.63157894737 1.16014064646906 0.716257896156909
1800 1.15883187063197 0.730559089322606
2032.50526315789 1.15697852908458 0.7574886327354
12215.94210526316 1.15579234252777 0.780601577369886
2399.37894736842 1.15478847963996 0.805294027630094
2582.81578947368 1.15392790448511 0.831515831763349
2766.25263157895 1.15318198232789 0.859224317973829
2949.68947368421 1.15252923173162 0.888382091571828
3133.12631578947 1.15195322214768 0.918955345467068
3316.56315789474 1.15144117183296 0.950912543075325
3500 1.15098298824676 0.984223377833587 /
0.271048100630639 1115.32105263158 1.20058956581603 0.602184517842895
1298.75789473684 1.19556709908651 0.612811384927293
1482.19473684211 1.19180371258223 0.6252486353198%94
1665.63157894737 1.18887747503253 0.639345659477908
1800 1.18711591634536 0.650655522106379
2032.50526315789 1.18462246194367 0.672071674079195
2215.94210526316 1.18302724385706 0.690534457523233
2399.37894736842 1.18167762103202 0.710312271373124
2582.81578947368 1.18052093135938 0.731354855840467
2766.25263157895 1.17951856440052 0.753619261790686
2949.68947368421 1.17864156781057 0.777067858653771
3133.12631578947 1.17786780522943 0.8016668094693 18
3316.56315789474 1.17718006200511 0.827384884993588
3500 1.17656474938903 0.85419252950785 / ,
0.325625003131189 1298.75789473684 1.2285467687823 0.557302750331101
1482.19473684211 1.22362826086027 0.567122633774736
1665.63157894737 1.21980923431412 0.578396919927612
1800 1.21751145797023 0.587515000041096
2032.50526315789 1.21426058012743 0.604894874348917
2215.94210526316 1.21218176536839 0.619957633785149
2399.37894736842 1.21042359339223 0.636146795397837
2582.81578947368 1.20891719194645 0.653413011125593



2766.25263157895 1.20761209504778 0.671714030621283

2949.68947368421 1.2064704792759 0.691012873865779

3133.12631578947 1.20546343819687 0.711276433331332

3316.56315789474 1.20456850089247 0.732474388150174
3500 1.20376793546036 0.754578349885712 /
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0.381808536604516 1482.19473684211 1.25780921003333 0.519715318667757

1665.63157894737 1.25293876091118 0.528853398797363
1800 1.25001232447098 0.536308538941779
2032.50526315789 1.24587428882882 0.550627464393302
2215.94210526316 1.2432295639578 0.563113914311516
2399.37894736842 1.24099361969235 0.576586379386172
2582.81578947368 1.23907848343455 0.590996838977351
2766.25263157895 1.23741973541837 0.606304144913076
2949.68947368421 1.23596912114696 0.622472327202475
3133.12631578947 1.23468978024891 0.639469298116112
3316.56315789474 1.23355307094426 0.657265845864419
3500 1.23253640044393 0.675834843297642 /

0.439437669807576 1665.63157894737 1.28829572499393 0.487742637420914

0.482493295524609

/

PVDG

1800 1.28463437624679 (.493907200311433
2032.50526315789 1.27946612596833 0.505839806141356
2215.94210526316 1.2761649029514 0.51631878761004
2399.37894736842 1.27337511337032 0.527675783220916
2582.81578947368 1.27098645816388 0.539864241772053
2766.25263157895 1.26891822692989 0.552844261508997
2949.68947368421 1.26711000008228 0.566581006136718
3133.12631578947 1.26551564965327 0.581043492888998
3316.56315789474 1.26409934967649 0.596203651314897

3500 1.26283285234466 0.612035583154452 /

2032.50526315789 1.30533805766939 0.477683300744782
2215.94210526316 1.30149336238667 0.486957214974548
2399.37894736842 1.29824539536766 0.49704482128453

2582.81578947368 1.29546524387367 0.507900657711094
2766.25263157895 1.29305863142719 0.519485753797645
2949.68947368421 1.29095501792213 0.531766116316441
3133.12631578947 1.28910057202604 0.544711570230512
3316.56315789474 1.28745350069868 0.558294858313906

3500 1.28598086232416 0.572490932980008 /

-- Dry Gas PVT Properties (No Vapourised Qil)

14.7 226.69880035671 0.0128289868560291

1800 1.31136445387697 0.467177119813708

198.136842105263 16.4360965914141 0.0129663805541276
381.573684210526 8.3419890991909 0.0131826268061308
365.01052631579 5.50870826342156 0.0134594120764409



748.447368421053 4.06897823920194 0.0137936498287593
931.884210526316 3.20063275493201 0.0141855366293504
1115.32105263158 2.62245633297271 0.0146362262569707
1298.75789473684 2.2121421010817 0.0151467250374998
1482.19473684211 1.90792783083886 0.015717108679342
1665.63157894737 1.67521922438042 0.0163459055927018
1800 1.53770262476984 0.0168416659894185
2032.50526315789 1.34800984394005 0.0177629395026292
2215.94210526316 1.23088918277813 0.0185383277480704
2399.37894736842 1.1352563898209 0.0193472351677578
2582.81578947368 1.05639180302892 0.02018052860348
2766.25263157895 0.990755760647481 0.0210293138444393
2949.68947368421 0.935645072318795 0.021885538641849
3133.12631578947 0.888970092963002 0.0227423603671591
3316.56315789474 0.84910226444975 0.0235942810973661

3500 0.814764869713595 0.0244371055738661
/

PVIW

-- Water PVT Properties

3500 1.0220300723725 3.080178583¢-006 0.296407629534231
3.82721871239781e-006
/

-- File: Project2_scal.INC
-- Created on: 07-Mar-2005 at: 11:51:38

28!
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* k% ok ok ok

- * WARNING *

- ¥ THIS FILE HAS BEEN AUTOMATICALLY GENERATED.

-k ANY ATTEMPT TO EDIT MANUALLY MAY RESULT IN INVALID

DATA. *

# H
S ———————————— g S F £ L £ KSR

ook ook ok o ok ok

-- OFFICE-SCAL-HEADER-DATA
- Qff SCAL Saturation Tables: 1 1
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-- Off SCAL "Saturation 1"

-- Off SCAL End Point Tables: 1 1
-- Off SCAL "End Points 1"

-- Off SCAL Petro Elastic Tables: 1 1
-- Off SCAL "Petro-elastic 1"

ECHO

-~ 03 0.0 05

- 04 00 03

- 048 0.0 1*

- 05 0218 0.16

- 0.6 0352 0.1

-- Water Saturation Functions

SWFN

-- Water Saturation Functions
0.25 0 1
0.3 0 0.5
0.4 0.04 0.2
0.5 0.11 0.1
0.6 0.2 0.05
0.7 0.3 0.03
0.75 0.44 0.01
0.8 0.68 0

/

-- SIMILARLY FOR GAS

- SGAS KRG PCOG

-- (as Saturation Functions

SGFN

-

-~ (qas Saturation Functions
0 0 0

0.04 0 0.015
0.15 0.022 0.036
0.2 0.05 0.086 ’
0.3 0.113 0.167
0.4 0.21 0.276
0.5 0.4 0.4
0.6 0.45 0.5
0.7 0.55 0.6
0.75 0.6 0.65



/

-- OIL RELATIVE PERMEABILITY IS TABULATED AGAINST OIL
SATURATION
-- FOR OIL-WATER AND OIL-GAS-CONNATE WATER CASES

-- SOIL  KROW KROG

-- Q1] Saturation Functions

SOF3

-- Oil Saturation Functions
0 0 0
0.2 0 0
0.3 0.01 0.03
04 0.03 0.04
0.45 0.05 0.07
0.5 0.1 G.12
0.55 0.15 0.17
0.6 0.2 0.25
0.65 0.6 0.62
0.7 0.8 0.82
0.75 | 1
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SIMULATION RESULTS
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22 | 1.185,354] 2.370,708,000]  148,189.250] $.6406 [ 0 0 2,028,000 0 [) o 0 0 [ [
23 | 1,005,580 2,191,120,000( 138945000 18734 0] ] 0 2,835,200 [ [} [ [) o) 0 [
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