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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 central northern, northern and Gulf of Thailand are being
produced with the summed producing rate of 130,000 barrels 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 two size of oilfields were modeled with the inplace of 29 and 109 million
barrels respectively. Each size was 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 20-23% with the internal rate
of return (IRR) after tax of 34-46% and present profit per investment ratio (PIR) of .5-0.62
respectively. The total oil production recovery in conventional water flooding was at 35-39% with
the IRR after tax of 14-36% and PIR of 0.5-0.88. For bottom water injection, the total oil recovery
was at 40-48% with the IRR after tax of 14-37% and PIR of 0.53-1.03. The conclusion could be
recognized that the bottom water injection method made more 0il production and profit over the
conventional waterflooding and primary recovery method.

The results of this study can be applied to any water flooding projects. 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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2002)

r 1 ¥
51 2.8 unufEa KA NTITUY R (Thakun et al., 2002)
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2.4 N3AUAIBEIIMIINAAIAEM ST 81D
el q,u o T o : d'oy ar
AUNFIIIIY AA1880 MIA (Carli) (am3gowsint) Aununmsoatiaaliununiniuly
¥ :‘ o |g‘ Qs g q' = = 3’ CY 3 @ 9 :‘ = 3
uvagiiduuag lTahduiumn ennsemnFaamssaminiula msdudeth (Waterflooding) iHadi
Tagiadey 11ma 3 Bradford Filed 8453050 lumes e A./.1880 ngunaavalonquvganaadions
- 9/ 14 n’jd 1 . g a 1] 9/=R 1 d? i ] = @ o
wamioslayluiimsganay Tauisdwiony (Casing) Tunazhi lilddsmensiu deumongifasieh
JsJ'cy 3&.;: 1 F:fvnylg‘wd wq':? c/;v
Tihnndunagdunn lvaasguranivivih ldmasihduilanudumuiin. - Tassmsmsdaninlu
o ey ey - i :z:; = A!'l = 9 Q g ol o r? 9 T
malfiaeTe 9 Auvaadisylunmssun asigoo  dodains Wiszdndhmshiduinntuumas
o eqw ¥ Y q e = £ e & o v & o qwa
iy mlAumanidugnnszduldtinandanniiu duiulu aa 1907 msimsdaimilim
¥ L4 1
waramiiuuedunluumas Bradford iusg1amssatinsnisudlunuane (Circle flood) Liaz
Yt Qs 1 1 d' = oo
Ianimswanned e ailosdalagiiuiinan (pattems) vioeuan
¥
o a . r = - -~ 3|
M3TuAINi1 (Waterflooding) BonT1mskAnIUUYAET (Secondary Recovery) w3z
3 v ¥V
AIHAAAS A AINNTNIHARATWIN (Primary Recovery) duANMAUAAAMNUAY ANWATIMN
4 b
yaamatiamsaain Tumwsn 9 Fannldshonivaomgra Wumnghnnudhlslumeiiadaid
¥ 2 1 b
oo mwaulaisnmaiinmsdaiunniulumesm aa1950 Wounaainiuwar 9 unadns
5 1
HAAIOWY  (Primary Recovery) DevaIiavpILmauazdnaadoimsmudannaauazTmnm
d1509UDHIMaY

¥ ] 1
flagtiumsduaanin (Waterflooding) Tavenelihialan TasmwizianizowsmilSum

¥
o at r

- 2 o o e
m‘swaﬁumummmﬂuHauwmﬂmiaﬂm {Water mjectmn)

241 wvdniEEIAA (Wongsirasawad, 2002)

J.mfciqﬁyﬁuﬁ?ﬁﬁ(agﬂmm'aﬁymiaﬂsﬁqﬁﬁuﬁuﬁiaﬂizmm 6,000 M7 lawes
Aennravessndeud iduius senharua nouasdulailde Fudnduihiuiidivaie fu
ganunszile (LKU) uazilsegiah (PTO) Taserd emensdiingmoaumdsdsnanoudedudougsen
ANUTLUFoUN 19T IMIAaImlse imsaana Inssaemalss Samenivawszernaazady
anifmtumMsAasoouen (faulting) LOZNIANAZABY (deposition) AADATZZNATREVILTUAILN
ot lsfimmarududeuunzam iidenios (Uncertainties) vouma whsindsaasineiudinlszney
Tumsgradil swesTnsantsse 4 luewan Tassmsémit (Waterflooding) Tassmssainiu il a1,
1983 TasamstineagadmualuySnaununszis LKU-E Tavseihaslusuiufdudouaanmsn

SEHINHLMNT WS HUALAIY (Sand Shale) YDAt Tnsdeugaiuansziie uANARDLEUDIAD
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wsadiuldnnn TassmsdaihndunGuanadelill ani0os — 1994 slddeiaunsariy
SSnmmswami Gy (Recovery) Sopag 20 Hudosas 25

ud AR T uanEuma e 3 S InIMAARTAR D-Block WAZLMANTY
LLiﬂﬁﬁagﬂuiﬂﬁamié’ﬂﬁywammﬁqmunﬁzﬁa Tssmaiusariiuas 10000 1salu@euiumna
A1.71.2003 Iﬂﬂi%ﬁyﬁ%WHLLWﬁQﬁy'I‘Ig’ﬂﬁuﬂﬁ ﬂﬁ]i]ﬁuﬁﬂﬂ‘i&miﬁmiﬁﬂﬁyﬁ’ﬁmz 20,000 Vsnad luvgusa
8 ViU 5]iﬁ;ﬁ’uTﬂsamié’mfaﬁymmsmﬁuﬂ?mmﬁ1saaﬂ%ui]Wﬂtﬁu 2.5 Fwansa Taofidasmaamui
0 1A59ms Suay 3,300 19 ﬁﬂﬁﬁﬂmsﬁunuﬁm%’uiﬂiaﬂW'sﬁy"lﬁ%’aﬂaz 232 (1MW Sirikit West

Water flood Project ; Ref, Supamittra Cheembunchom 2005)

242 Insansdmihfuvaniniugnes
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T a0 1 o o o 1 o a 1 =N ar
wnaniniugnesilumdaiviudnegrisnnd s unegnes himeises Tueen 7
b ] o
Alawns duveaSdn Uanan uilagiumsnaannumasiGundua@oudving a.i991 (WA,
3
= Qs = & o @ ar a2
2534) faflogiiu (el A.A2005 ) WA2548 HAMIITUTIY 3.53 ATULUTA BRTIMITHARIUAY 350
= = 3 d’.‘ a e = W "5 I = = :’. LY 9 = 3
Uusa Hvaueiaiaviun 10 nauluRuinba 2 15198 Tases $1 e ladmiuozramiviuidmiodey
Fd 1 ¥
ay 19 veniwiuniioglAau 10 decline curve) i manalumsialasamsdaiy (Waterflooding Project)
4::1 d'. q' = = f ar A Y =9 @ d” ] 1
monazulTinamswamiviuaniasa: 11 Wiotszanm 22 auwusa vedl Tnsamsag lusgnig
ar (=) =y 1 i =3 A = o o
msanunazd lulinsdlamesomnsisuzod lsianididannsimshmsAnysumuieos

=Y é ot 1 1
ADNTNND3 (Simulation Study) (Piyated Tabmanee 2003) F9Ham3AnuE s lidlawed oo 513042

243 !mﬁ&sﬂﬂﬁﬂ]ﬂ {Graves et al, 2001) 4ag Thakun Jiwalai, 2002
N 3 v d v oy Qs 1 1
memaﬁmmﬂmmmumuu,Laxmeﬂw—ﬂaumuL%ﬂgﬂwwuﬂumﬂm L
1 s o w g} a kY Y 3 a & e do
flamil TopihuiluvesnFdmavson Tassmsdmbgrifanndionaudei uazvguwaaiwduidu
L4
HUUNIHQUUNITIY  (Horizontal Wells) tqumﬂmwmﬂmu (Multi-Zone Mono Wells) ‘ﬂmﬁnu
¥ 14
(AU 7.A.2002) INQUKHEA 24 gL Haudmil 13 v wagliuva iy 17 unad (Reservoirs) 374
1 as 3 dy o o = o . . . @ 031 ¢

g lulnssmsdahil manstwuud wewmoniames (Reservoir Simulation) Inssnisdminildms
= :’ Y = =y -3 3 qf :' @ aa =Y d? " Gs we
wami NP Lioung 1020 Ywiluiosaz 25-40 VaIUWUNUBYAY (OOIP) UUDYNURUTULRA

vp3uns lva
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244 %83 KELLY-SNYDER FILED

umani W Canyon Reef Reservoir gl KELLY-SNYDER FIELD ince
anSyemSmiAunudie a.m.1948 Phnashiududuinlsne 225 Wdna mkaadied
(Primary Recovery) fIAImzaMNsnMaR IS0z 25 ‘ll’e')ﬂ‘l%ﬁu‘ﬁﬁ‘i’]tjhlﬁi?i?]ﬂ"ﬂﬁ?]ﬁﬂﬂﬂﬁwaﬂaﬂm
Sennsdianumuas sty indeaiTnsemssmi (Waterflooding) Trodusmiaug n.71.1954 Taed
ﬂ:lmﬁ’ummumiu%f1ﬁuwﬂu1fua§:ﬁﬂi:n1m 1560 psig %39 1731 Bubble point Pressure (1725 psig, A1
wianiuiuSudud 3112 psig) Nam‘sﬁnﬂumsﬁ]u"lﬂmmmunﬂﬂizmsTﬂﬂmmmwﬁmf"lﬁu"lﬁ
Wavuadonas 50 ‘llf)ﬂ‘li’}ﬁuﬁﬁﬂgjlﬁll FAnnMsHaad19MInan primary depletion (11ABL) D813

P a’ [} 1 o :. ' .
@entlszana 600 Amuse Fuiludei1einveamsoaimnAILa 1 (Bottom Water Injection)

2.4.5 1123 Fahnd Field (Nichools et al, 2000)

smm‘imamﬁnsammfﬂmma'qﬁyni’ugnﬁmuﬂf‘r'm'%’wmmma'mfm’u Natih-E
YOUMA Fahnd Field hatlszmeToumns upudaeaisiidiidnsnaminadae gas/oil gravity drainage
GoGD) ¢ Wifiomedmiumssamiiunngulngvetd e 1es Nati-E Mg g
ﬂsﬂwﬁqqqaﬁaﬁ'm1n§uﬁ1aqn 2 SuvesiiuMiay NatinE 1A (Nicholls et al, 2000) AAM1
LUUS1009RBURAADT (Fracture Mode) NARDINER (Simulation) szaasaRAMTuRTLAmsHER
muld GoGD~ vindesaz 17 fiudevas 40 vnnssaimndias

Lmuﬂﬁ'mmsﬁm‘f@nﬁmuﬂ‘lﬁﬁﬁqnwﬁmmasm (Horizontal well) 2 41 U@z
ﬂqnﬁ'ﬂ{mﬁwqmumﬁu"lﬂﬂmumﬁu (bedding strike) rdshiuezasensunalaminda

9 ¥
TEHIMITUAINI (water injection) LIEZATINAA TASATIILIBAAWYDANINIIN GOGD
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Vp
g=—— e oung (3.1)
VB
(i ¢ =¥oeinvesiu (dadiu)

v, = Fnasvesrosinglutiy
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a19197 3.1 USumsvesiiaadegnl¥iu porosimeter NI INAT YR TAITAAIT 9L

9 1 = 1 ] ar ¥ =
‘ﬂi zmm“l.ﬁm "Iﬂ“U“lJ‘i1J’I¢l'5"1|'ElﬂﬁfEN'J'Nluﬁ’JﬂﬂNﬂuﬂﬂﬁﬂ‘U

1" Billets numauaEa 55 (cm’)
1 4.63
2 4.59
3 9.22
4 18.49
1 1/2' Billets nusavdansa Usunas (em’)
1 10.18
2 10.2
3 20.39
4 40.74

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

RV = %_ -------------- qUNI(3.2)
Tob _ 9o
BP
Orif F,, and P, = 100 psi
A i)
RV :—1;[%2” s auMIG3.3)
F '
Where P(er = reference pressure, always uses 100 psi
P, = equilibrated pressure, pst
v,, = volume of the billet (Table 3.2), em’
B, = 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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15uasveusiaRtunaIwIIn

I
GV =V,,,+RV|——-—2| e aUNTI (3.4)
P F
4
1o Vier = the billet volume which filled in the excess space in

case that the sample is short.
POS = the reference chamber of the clean and dried core
sample with helium is filled 100 psi.
Ps = the stabilized pressure the helium is introduced into

mairix cup and pressure is allowed to stabilize.

Paf = reference pressure, always uses 100 psi
P, = equilibrated pressure, psi
ﬂ?umiﬁwnmmﬁu;
BV = ﬂL[-IzzT -------------- qAUNT (3.5)

1 - T
vminvasiindedivgninranTaomild weight balance Tavl§iainninvesdaeenai
L
o
Immersed weight = 13.54166x BV ------emeeme- AUNT (3.6)
99719099 TUAINIMUANAIUDIA BV, LAz GV.
PV=BV-GV e auns (3.7)

HOZYBITRUBIHUILYNATUIUDIN

PV
%)=——x100 e aunms (3.8
¢(%) BVX (3.8)
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o Ysuwmsved | Sumsves | USwesves | seanaves
HuIBIaY A8 . - oy o -
RN AUTIHUA O Au(%)
1 CM1-5 57.65 60.13 2.48 4.13
2 CM1-6 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 7.24 13.07
12 MM1-4-1 42.17 48.45 6.29 12.97
13 MM1-4-2 41.30 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 49.44 9.80 19.81
18 LPi-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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o WFwasues | dFumsves | d5umsves | veeieang
HIEIRY #0814 .. _ o _
Wafiu Aurisnua ¥9I9 AU(%)
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 4132 45.12 3.80 8.43
28 LP5-3 30.77 48.52 17.75 36.58
29 LP6-1 41.19 52.38 11.19 21.37
30 LP7-3 57.15 60.07 292 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 MITAmIMIAuRIU
m3lnaveswedlnalumiseiarasinwssiuiuegfumsdoudasuves

FOITM

o

1} e ¥ L ol 1 T é _y
anuamsolumsFuriudums JamsioudetuvesieeindlugunsFeeius

15 lnavesved Ivaluwnioadadeseunaiiu (Fanchi, 2000). aun1sY09 s dd mTUms

Tva 1 sz

Q

=-0.001127

o

KA Ap

M Ax

891311713 1118, (bbl/ddy)

TUN1T (3.9
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f =3 ]
= AUENITD IUMSHUKIL, (md)
3 T
= AuRUIda, (1)

=1
ANUNTIAYDIUBS I1a, (cp)

EoRoaoX
i

AUV, (ft)
) P A Yo

IAT09 overburden poro-perm cell gnueradluginini 3.8 Tasgnoenuuuialdia

MPDITVRIHUIAZA MU NI TuMI TR U vesdtadaiuMaldTou Y reservoir 31004
, . 4 A o .
(89 overburden poro-perm cell %Gl%‘mmﬁﬂﬁ%ﬁu hydraulic pump WeHez ¥ reservoir
o w o as Y T =Y = ] o 1 =
DAHANAUANUAUVDIAIDHNHAY ATTRNTUIANUEINTA IUMIFUHIUVDIF I 19R UL
LY &£ ) v a3 '
T Tulaseu () Faldszyanususudu (upstream pressure) THarmumuaMue Ve
Ay Meduiuazganiinadedmie Ll lulasu narueennindredniu nisia
dn31m3 navesoimime fafidulawunsdedieiiy ANNEITD lumT Rz gN
ATUIVIN upstream pressure LAZHNTINS IMANIUAINATOU AUAULITOINA ANUNITA
g - Yoo s I =) = [} =t Qs dy

vo¢ 1 Tanan nagauen Auimhdaveadlos iy anvamisolumsdurmuazdlud ¥

ANUETIUITOVDITOIIIN I UDIUDI 1A HUIVDIA WA INITO TUNITFURIY A0 md
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= A A , Y A w
31 3.8 1A5091 overburden poro-perm cell instrument gn 1¥1#eIAn YA

TumsFurivvesdoo i

341 ﬂ]iﬁ‘rﬂ?mﬂ’J]Nﬂ']ﬂ‘lﬁﬁﬂ“ﬂ'ﬁﬁuﬁ']uﬂfﬂq Overburden
= o s o =8 1
ﬂ1ﬂﬁuﬂ1iﬂgﬂﬂi¥qnﬁﬂ1ﬂﬂ§]ﬂ@aﬂ1ﬁ“ﬁmﬂ1u3mﬂ31ﬂﬁ'!u—ﬁﬂiuﬂ‘li"ﬁuW‘IHEU'P]Q

3 H
A788191Y Tasanuaunanuanazgn l9eg11nue atmosphere (atm).

= 2000XBPxﬂga‘ XQXL -------------- ﬁuﬂ—lj (3 10)
o [(P1 x0.06805+ BP)’ - (BP)* x A}
Kgm(actuai) = Kgas(apparem) x 09716* """"""" FUNF(3.11D)



0.6805

0.9716°

il

= BP

mitfibar

AU barometric, atm, (BP,

i

x 0.0009896)
anunilaveslulaswu, cp
5@131?11‘5”11%1, cm’ /sec
ANULIVOIFIDY1HY, cm
upstream pressure, psi
fhmmﬂmmhﬁl, (converting psi to atm)
fudwingavesioteiiu, e’
conversion factor the expansion of air due to saturation with
water vapor in the bubble tube.
i, =—8x107 T x8x107°T+0.171

Hy, = —8x1077T? +8x107° T +0.0158
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. b L sum | om . Lﬁ’i:vhu AMUANITE
WOy | #1819 ' \ o gudnans | Tunisausu
(psi) | 3(em) | (AUIN) (mm} | "

(mm) {md)
1 CMI1-5 | 4999 | 3.0 546.67 5.17 3.85 0.005
2 CMI-6 | 5798 | 1.0 356.44 | 4.45 3.82 0.002
3 CM2-1 | 5659 | 1.0 468.28 5.15 3.84 0.002
4 CM22 | 49.87 | 10 88.17 5.19 3.85 0.113
5 MMI1-1-1 | 5759 | 0.1 21.41 5.18 3.81 0.004
6 MMI-1-2 | 4932 | 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 MMI1-2-2 | 4997 | 50 10.00 5.15 3.84 4.930
9 MM1-3-1 | 49.99 | 100 12.00 5.04 3.84 8.05
10 MM1-3-2 | 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 MMI1-4-1 | 5025 | 10 304.89 4.17 3.85 0.026
13 MM1-4-2 | 4987 | 10 88.17 4.50 3.83 0.098
14 MM1-4-3 | 4998 | 3.0 126.67 5.20 3.84 0.024
15 MM2-1 | 5007 | 10 24.00 5.26 3.76 0.437
16 MM2-5 | 5064 | 10 41.00 4.51 3.74 0.218
17 LP1-1 | 5005 | 10 33.62 4.53 3.73 0.275
18 LP1-2 | 50.16 | 10 28.67 5.18 3.72 0.368
19 LP2-1 | 5532 | 10 157.39 5.08 3.83 0.005
20 LP3-1 | 5693 ] 1.0 158.22 5.17 3.84 0.005
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o P | Fwa | g1q | ukw | avwdwsn

nandiay |- aaeun s | 5em) | G | o audnans | Tumsdurim
21 LP3-2 | 5419 10 20493 | 519 3.85 0.003
2 LP3-3 | 4995 | 1.0 24599 | 5.17 3.85 0.004
23 LP3-4 | 5827 | 1.0 211.64 | 5.23 3.85 0.004
24 LP4-1 | 4999 | 1.0 16567 | 5.23 3.83 0.006
25 LP4-2 | 4999 | 10 15233 | 5.18 3.82 0.007
26 LP5-1 | 5000 | 80 2.00 445 3.60 38.90
27 LP5-2 | 5004 | 50 4.00 445 3.60 12.14
28 LP5-3 | 5011 | 100 5.00 4.53 3.70 18.68
29 LP6-1 | 4992 | 50 1.00 4.92 3.68 51.38
30 Lp7-3 15761 | 10 156.10 | 5.17 3.85 0.005
31 LP7-4 | 57.51 | 1.0 57.84 5.25 3.85 0.014
32 LP8-1 | 4998 | 10 59.33 5.13 3.83 0.167
33 LP-8-2 | 4998 | 10 68.67 5.17 3.83 0.146
34 LP9-1 | 57.59 | 0.1 2141 5.00 3.77 0.004
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Progucton Fluids (OH, Gas and Water) Production Well
Separation and Storage Faclites - s, - —
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51 4.2 uradiBasdulat Tasdeudrsmenisueuleesnlyd (Green and Willhite, 1998)



Water

QOil and
Watar

Polymer

Water

Polymer Flood

~ A = o 1 = = o 9 :‘ o el a 1
514 4.4 uamsmsnSoudioumsdu el Tasdonvesiimsdudinihnyisnadnula

Wasdeudearslsznou Indwns (Willhite, 1986)
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Hydrocarbon
Transport for Sale

GilfWater
Separation

Facilities

Injection
Well
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U7 4.5 nvneenszUINNI AN UM TUA 101 (Thakur, 1998)
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14,116,226,740 U

S3PunBiEuld 38,238,704,803 1110 'lsvideanaiEduld 38,238,704,803 1
Aatluilsgns 38,238,704,.803 1m Fadaui lsanRunuisudy 3.1164
ﬁﬂ&‘f]ﬂﬁﬂ‘i’s}ﬂ% (Discounted 8%) Faduils {Discounted 8%) A

=

8,259,258 692 UV Funusudu 0.6731
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d‘. = ~ 3’ w M L] o 1:} e ] d’. 1
maei 7.20 Pinumandaiiududetnnuuuiasslugiuuud 2 asdigduuises 1

=L o = v ¥ :‘ g 3
Imsidiamdudaninnlszna ls

Yinswan WEinmmswami uduse)

0 0

1 1,441,814
2 772,670
3 628,539
4 504,506
5 402,808
6 322,805
7 262,397
8 214,603
9 177,826
10 148,887
11 126,742
12 108,495
13 94,330
14 82,943
15 73,210
16 63,998
17 55,833
18 48,544
19 42,183
20 36,318
21 31,267
22 26,796
23 22,384
24 19,277
25 16,126

579 5,725,796
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EY i
) waadiiuan lddSinasmianua 5,725,796 msisa Amdudosas 19.71 voq
P ¢ @ a Aa 1w o
Ysmnaniniudauniieg lunwasdmiy
(3) wamamuAsygiell Tngidey
W
- ‘SWEJhlﬁiﬂﬂﬂTiﬂlﬂfJﬁ‘lﬁua‘Ll (Gross sale income) = 16,032,228,800 119
- FUMINUHINNA 3,030,000,000 LW iy
1. mldnelumsdisaniessdinewazssanand 150,000,000 11
2. mlgnelunmsveduilniu 100,000,000 119
3. mldnelunmsnenaudisouazdssdiuma 240,000,000 UM
4. g wlumsinzvgunaa 540,000,000 1N
5. mldnelumsinadaginselmsnda 2,000,000,000 119
- mlfeTunsduiunsnaoalnsants (Operation Cost) 4,954,855,671 11N
- [(uniyuald
1. MAANAI4 879,118,356 UM
= o yy o
2. miduld%ooas 50 veafls = 4,023.686,565 1w

(4) 5199511158 (Internal Rate of Return) Jo8a 33.80 uazidadiuilsaafuaiu

(Profit Investment Ratio PIR) (V11111 0.4956

= a ¢ o = = oA
Mmatan 7.2t aglmsianziiesugmaad lugduuuh 2 nsdisiluuvdesd 1

USnanhiiuffingaléama ﬂ?uwmﬁywﬁuﬁuﬁﬁagiﬁlugzﬁda
5,725,796 115150 29.05 41115158
snninufuaaealnans so saniaa Saswan/asu 35 umanSoy
MmanandauuuTuyla Smsmenido 8%

Sasauunewdentd 68.98% AR IAUNUHAUTUNE 47.18%
fpPumaanadeld 879,118,356 1w M lsneudinni 8,047,373,129 17
FpAun1EiEu g 4,023.686,565 1m AlandainmBiEuld 4023686565 v
AanffufinlagnT 4.023.686,565 1M FadudlsdeFuyuiTudu 1.3279
Anfluilsgns (Discounted 8%) daaauiils (Discounted 8%) Ao
1,501,798,452 11N FunuFud 0.4956
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a5 7.22 15mamssaaisiuauastnnuuudiaeslugiuuui 2 asdistuuvdesd 2n 3
o oA ar g :’ oG a v ow oo = as a =
maisnsdualniumbizgndlEluuvyHaswndadnnul Tasdowmdennimsngald

udailunar 43

Yivmsnda USinanseaatiiidudet)
0 0
1 1,251,130
2 811,285
3 657,379
4 529,119
5 195,500
6 269,641
7 440,701
8 844,589
9 908,511
10 776,675
11 682,630
12 592,655
13 407,557
14 337,745
15 298,586
16 266,236
17 240,905
18 219,767
19 202,169
20 186,095
21 172,763
22 161,255
23 150,663
24 137,197
25 126,114
57U 10,866,865
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) waathuRL G SInmsmTann 10,866,865 1ndisa anidindeons 37.41 ves
Pswnaniviudvidegluumasinifiy
(3) wamaduAsEEAL TnsiAey
- 31&15a1ﬂﬂ15m1351ﬁuﬁu {Gross sale income) = 30,427,222,000 Y1
- ﬁumnuﬁwm 3,030,000,000 19 il
1. arldselumsd1s1anassaanenas s3aNand 150,000,000 119

U

S ldelumsveduilmu 100,000,000 1%

[

3, mldwlunmsmegnqudisiwasdsaduwa 240,000,000 1N
4. aidvwlumsazvguean 540,000,000 179
5. ldielumsiaaiegynsaimndn 2,000,000,000 V1%

- lga1elumsduiunisanea Ing9n15 (Operation Cost) 9,621,088,858 1419

= c;w b
- Junfguald

—

1. AIAIAras 1,682,087.754 U
2. musuldiesas 50 veails = 8,888,066,571 1N
(4) $8A5IM5AUNU (Internal Rate of Return) 380z 33.56 unzdidad i lsdeiunamu

(Profit Investment Ratio PIR) WAL 0.8205

o a ¢ # - = =
msen 7.23 agdnsiesznssymans lugduuui 2 nsdigluuuseei 20

Usnaishauinaaldtmun Pwnasiuidufveglummas
10,866.865 115150 29.05 AWL313D
SnmhuAuaanalasans 80 $Andisa Saswanalfou 35 LnaSog
smanarsdauuduiile Sas1noniY 8%

SR IAUNUADTENTH 66.14% B IAUNUHAUTUNH 46.91%
SPummanaisld 1,682.087.754 um flsneudnnd 17,776,133,142 1%
SpRum el 8,888,066,571 U M lsudainmBiinla 8 888,066,571 U
Aafludilsan’ 8,888,066,571 um Fodaus1lsdeTunuEudn 2.9334
ﬁm“ﬂuﬁﬂi fﬂl‘ﬁ (Discounted 8%) fadustly (Discounted 8%) %o
2,486,017,072 1M FunuSuAY 0.8205
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ﬂi = =y :I @ 5 ro o a; F=| L] dl =
M51d 7.24 PSanamseaathiuauaeilnauuuassddugduuun 2 nsdigduvudesii 2v i

L= L Oy 9 T oy Gk a v ow @ = ar
fnTH']'Jﬁﬂ'ﬁ"UTJﬂ?ﬂlﬂﬂ1ﬂﬂ1uaq\1u1ﬂ3$Qﬂﬁi‘]ﬁﬁlullﬂU%1ﬁﬂallﬁa\3ﬂﬂlﬂﬂﬂiﬂsLaﬂllﬁﬁaTnﬂ

Hnswas ldudadhunat 451

Tfidmsnde WEnunmawaa udused
0 0
1 1,093,532
2 570,815
3 482,376
4 418,958
5 168,321
6 272,324
7 807,823
8 1,056,076
9 1,002,649
10 916,613
11 826,349
12 748,276
13 675,395
14 592,515
15 530,690
16 481,069
17 439,904
18 402,951
19 374,903
20 350,594
21 329,624
22 309,961
23 290,671
24 272,248
25 255,802
39 13,670,438
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(2) wanhsuay 18U e 13,670,438 V13150 Aailudonas 47.06 99
Usnaniviuauiitiogluumasiniy
(3) wameduasrgnatl lnsdeu
- 510189151t URY (Gross sale income) = 38.277,226,400 UM
- Gunsuianug 3.030,000,000 U1 iy

' P g o =l =y o
1. mlgnelumsdrsremessddnowaesssadland 150,000,000 UM

2. mlyelunsasduiny 100,000,000 1%
3. ldelumsimenaudisuazlszdupa 240,000,000 11W
4. mldnelumsmzvqunan 540,000,000 U
5. mldnwlumsiaaiaglnsaimanda 2,000,000,000 U1

-l lumsduiiumsnaonTnsanis (Operation Cost) 12,440,754,212 17

1. AININHAIY 2,139,657,433 11N

=

2. muduladooaz 50 vaadls = 11,403,236,094 1w
(4) §i9A7I1MIAUNU (Internal Rate of Return) $awaz 28.00 uaziidadmiilsdeiuasy

3

(Profit Investment Ratio PIR) 1111 0.8901

A - o o = = 1 =
MIWN 7.25 ajimsimnzimsygmnaasiugluuod 2 nsdigduvudesi 29

USnaniiuauingaldvamua ﬂ?u1m1§1ﬁuﬁnﬁﬁa§1usmﬁa

13,670,438 115158 29.05 A1ULI5158
swwhifuduaaneInsans so $/1ni15a Saswanilden 35 VI EY
manaiaudutyla §asABnITo 8%

FasAunufaudun1E 55.40% Sasfunundaiion i 40.90%
SpRUMMANaI914 2,139,657.433 Um flsnpurinad 22,806,472,188 11
SyAuniiFuld 11,403,236,004 11 flsnasinnEEula 11,403,236,094 11
Aanfuilsqns 11.403,236,094 10 dadustlsdoGunisudu 3.7634
ﬁmﬂuﬁw‘lsqw% (Discounted 8%) Aaduils (Discounted 8%) fe
2,696,854.866 11N ﬁunm‘éuﬁ’u 0.8901
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Fd

o e~ w Y :‘ 1 gq 3 a & o =
Tumsiidtmsdudsilugluunaiey vidszgnalFlusupiaosidaiiig ag

i 7.26 alvamsmusudaassgemans ugluundeg s a2s Y

e | 95w | gduny | demingea mldwild HAARUUNY | BATINIAU

i 41 oy h a4 NAMNN N

o (bbl/day/well) %ﬂﬂ'lfﬂﬂ’i ang A g1y (%)

(UM {Discounted
8%)
(1)

1 No inject - 37,760,419,014 | 7,632,349,723 46.28
2 210 1,250 57,389,914,561 | 10,767,671,931 36.24
3 2.2 1,250 57,082,217,718 | 9,394,685.413 28.54
4 | yiduan 2.30 1,250 53471,461,485 | 6,140,071,257 13.54
5 fil 219 1,250 68,533,378,147 | 12,601,136,192 36.91
6 2.2% 1,250 70,874,963,592 | 10,601,407,373 28.60
7 2.39 1,250 60,325,892,082 | 6,476,654,698 13.54
8 3n 1,250 56,915,994,520 | 7.365,672,806 26.59
9 39 1,250 69,915,483,194 | 8,259,258,692 26.74
10 | gduuy | Noinject 800 7.984,855,671 | 1,501,798452 33.80
1 1N 800 12,651,088,.858 | 2.486,017,072 33.56
12 1 800 15,470,754,212 | 2.696,854,866 28.09
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] ] ¥ ]
discounted) ABIiunIMUTHAY (PIR) anaTasamsniinstudohezidu 03-14Tuamsiives

= -; 3 = 1 =t ﬂ
ATTHAANDINIUNWSIDY WAL uﬂszmm 0.4-0.72 (MUFT1T N 8.2)

ci = = oy ) ]
m3an 8.1 agdiFinamasdmiiiugUunudig

dhu | 35ms siluvy Sasmssa | aldieils HAARLUNY | SATINITAY
f 9 Rl i AN NHn U
Fuhh (bbl/dayiwell) | #3818 1A33073 Aldae (%)
(UIN) {Discounted
8%)
(1)
1 LKBNo inject - 37,760,419,014 | 7,632,349,723 46.28
2 LKB Inj8 2yr 1,250 57,389,914,561 | 10,767.671,931 36.24
3 LKB Inj8 4yr 1,250 57,082,217,718 | 9.394,685413 28.54
4 LKB Inj8 8yr 1,250 53.471,461,485 6,140,071,257 13.54
LKB Inj8 2yr
5 E‘LILL'U'U BWD 1,250 68.533,378,147 12,601,136,192 3691
ﬁ 1 LKB Inj8 4yr
6 BWD 1,250 70,874.963,592 | 10,601,407,373 28.60
LKB Inj8 8yr
7 BWD 1,250 60,325,892,082 | 6,476,654,698 13.54
8 LKB Inj9 4yr 1,250 56,915,994,520 | 7,365,672.806 26.59
LKB Injo 4yr
9 BWD 1,250 69.915,483,194 | 8,259,258,692 26.74
10 SP No inject 800 7.984,855,671 | 1,501,798,452 33.80
11| 3| SPInj4 dyr 800 12,651,088,.858 | 2,486,017,072 33.56
2 SP Inj4 4yr
12 BWD 800 15,470,754212 | 2,696,854,866 28.09
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4.3 Fluid Properties
A total of three fluid samples, all from well AQ2, have been
analysed so far by CORE LABORATORIES. A summary of the fesults is
given in the table below:

DST1 PT2 )
bottomhole  recombination
sample sauple
Pb- (psig) 1710 2355 2630
R51 ??scf/stb) 373 637 575
. (rbfstb) 1.255 1,405 1.339
oER g ty,,m (PAPI)  42.3  39.4 39.2.
gas grav . (air=l) 0.8548 0.798 0.739
: (c?) 0.864 - 0.765 n:{:_si
Ese.p., {psig) 100 100 106
ksep ' ( F) 95 '95 85

.A9~tht measu:ed GOR of the bottomhole sample compares very well
with=tWe GOR during production test PTZ in well A02, the :esults of
that”ahalysis have been used for the interpretation of ‘the .
prodidftion tests and for the reservoir engineering calculations
(chapter 4, 5)

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

4.4 Drive Mechanisms

"The Lan Krabu field congists of a large number of thin sand layers
alternated by shales. During geclogical times there has been some
communication between the sand layers resulting in a common gas/oil
contact {(GOC) and oil/water contact {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 alsoc chapters 2.5 and 2.6).
Furthermore, the field is intersected by numerous 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. gas
¢cap expansion supported by some water—drive In the relat;vely open
north—eastern flank of the field, solution gas drive in low
permeable reservoirs in fault blocks without a gascap or aquifer,
ete.

4,5 Numerical Simulation Siudy

4.5.1 Description of Model

In order to investigate the sensitivity of well performance and of
recovery efficiency on the various drive mechanisms a numerical two



dimensional (2D) areal model of the hypothetical, drainage area for
half a production well was set up, The model represents a 15 ft
thick layer djipping at an angle of 5.4° (see figure 4JB). The GOC
and OWC were chosen to coincide with the £luid contact 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, viz blocks I=l and I=14 respectively. The gas
cap size has been expressed relative to the oil column as follows:

o = GBeb
NBob

where ; G = free-gas-initially-in-place (logscf)
N = stock-tank-cfl-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 equatioms:

K =K_ (s %% and K =K _ (1-5 %) ow
w wWor - w o ocw W
where : S x = S S cwr
_ 1-5_-8 .
CW Or'w

2. for the gas/oil displacement the relative permeabilities
satisfy the equations:

= *n = -5 %2
K, Kocw(SL ) og and Kg ngnd(l S, g

8§ _=-5

where : § % = S org

1-8 - -3 .
cw org gcrit

Endpoint relative permeabilities and residual saturations used in
the above expressions are given in Table 4.3, The Corey exponents
for the study were chosen as follows :

o= = 1 {straight line)

n_ =n =2
og g

The production well was assigned a skin factor S=10. Well intake
curves were computed for a 3" tubing of 5500 ft length amd a
winimm wellhead pressure of 150 psig(figure 4.19). Furthermore
the vertical permeability was taken as one-tenth of the hopizontal
EEEEEEPiliEY. The capillary transition zone was assumed to be
negligible. - T
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A summary of the inirial fluid properties and of the reservoir
properties which remain constant during the simelations is given in
Table 4.3.

4.5.2 Prediction Runs with 2D modg}

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 (m=0.50) and of an aquifer (3000 £t
length}, .

- no gas cap, but with aquifer, -

= no gas cap and no aquifer.

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

-be reached for the higher permeabilities (say abova 200 mD}. For

20 wD the maximum production rate is ca 70 sth/day. The presence

of a gas cap mainly determines the decline of the production rate

and, therefore, the time in which the interval is exhausted. E.g.

for 100 mD the presence -of a gas cap means that the time rhat

production takes place from that interval is increased from 2.5

years to nearly 4 years.

The 0il ultimate recoveries (UR) obtained 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 TR for permeabilities
below 100 MD, :

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

~ the aquifers which can be expected are tog 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 well
no more than 20-30 ft above the OWC. However, in view of the many
layers encountered in 2 well the position of the well with regards
to GOC/OWC varies from layer to layer. The effect of well position
on oil TR was therefore investigated. The result is shown in the
second graph of figure 4.23. It appears that a well near a GOC
produces only half the amount of a dowadip well. If no gas cap is
present the effect will of course be less significant.

The effects of drainage area (by varying the width of the numerical
model) and of Initial production rate om oil UR are insignificant
as is 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 is independent of permeability. This curve is, however,
dependent on : : )
1. the presence of a gas cap and

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



In arder to compare the results of further sensitivicies a base

case was defined with :
- a gas cap (m=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)
'I'he oil UR for ghis case is 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
behaviour of a well, The model is shown in figure 4.27 zand assumes
two 15 ft thick layers separated by a 50 ft 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 boftom layer the number of
blecks 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 isﬁexactly twice the STOIIP of the 51ngla layer
case, j.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
(200mD). It appears that oil UR is 15% STOIIP, to be recovered in
slightly over 4 years.

In case the top layer has 200 wD and the bottom layer has 20 mD,
the production performance is shown in figure 4.29. 1In 3 years
time the oil UR of 14% STOIIP is reached.

4,5.4 Production Performance for a Typical Well

For Lan Krabu conditions it has been assumed thar the production
performance for a typical well will be the avarage of the sbove two
commingied cases. This results in the following product:t.ou
forecast for such a typical well (half-yearly intervals) :

Year 1 2 3 4|
months | 16 |7-12 | 1-6 | 7-12 | 1-6 | 712 | -6

9511, stb/day | 1350°| 850 | 500 | 350 | 230 | 150 | 100
GCOR, scf/stb 850 |2200 | 3800 | 4500 | 5400 | 4700 | 4000
BSW, % 51 10 15 15 15 15 15
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In view of the large number of layers encountered in each well it
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 commmunication and also the horizontal continuity
is probably limited, this willﬁapprqximately double the drazined
STOIIP per well to ca.9.0 x 10 stb and the producing lifetime of a
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, ofle
with a downdip production well (similar as for the base case) and
one with an updip production well. Im both cases the injection
well was located in the aquifer. Some 80% of total withdrawals was
replaced by injection water. Water i1s injected right from the
start of production onwards and a 1007 flooding efficiency is g
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 60Z. Cumulative oil production is nearly
the same as for the base case (24% vs. 25% of STOIIP).

In the updip production well breakthrough of water will occur much
later than for the downdip well as shown in figure 4.31. 1In that
case a theoretical oil UOR of 43% STOIIP is obtaimed.

Conclusions and Development Options

The Lan Krabu field comsists of a large number 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 umits K, L and M). It is expected,
however, that the reservoirs within such a unit are not in
communicacion,

The permeability decreases with depth, from ca.200 mD in reserveir
unit K to ca.20 mD in unit M. Considerable 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 openm north-eastern
flank of the field.

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

9511, stb/day | 1350 | 850 | 500 | 350 | 230 | 150 [ 10O
GOR, scf/stb 850 | 2200 | 3800 | 4500 | 5400 | 4700 | 4000
BSW, % 5 10 15 15 15 15 | 15

It iz 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 socme 7
years.

The STOIIP drained by a well then adds up to about 9.0 MMstb. As
the total STOLIP for the field is approximately 180 MMstb (see
chapter 2.8), ‘2 theoretical minimum of 20 wells would be required
to develop the entire field. On the basis of a recovery efficiency
of 15% of STOIIP the o1l reserves of the Lan Krabu field are
currently estimated at approximately 30 MMstb. The provisional
development plan, allowing for some well failures (example well LEU
- JD1); 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 numerous 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 reservoir
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 also 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 wup.



TABLE 4.3

RESERVOIR AND FLUID PROPERTIES USED

IR THE WUMERICAL MODEL STUDY

Original oil/water contact
Original gas/oil contact
Datum level

Reservoir dip

Regservoir thickness

Porosity

Connate water saturation
Besidual oll saturation to water
" Residual oil saturation to gas
Relative oll permeability at S
Relative water permeability at

Relative gas permesbility at (S oy

Vertical-to-horizontal permeabxfgtyorg

Capillary pressure

011 gravity (stock tank conditions)

Gas gravity (separator conditioms),

Initial reservoilr pressure at DL

Initial reservoir temperature

Bubblepoint pressure :

0il formation—volume factor at

Gas formation-volume factor at By

Initial solution gas/oil ratio

Water formation-volume factor .

_ Density of stock-tank oil

Density of separator gas

Density of water at 14,7 psig and 203°

-~ Viscosity of oil at initial reservoir

] condition

- Viscosity of water at reservoir cond

Viscosity of gas at initial reservoir
condition

Water compressibility

Rock compressibility

0il compressibility

0owe
0GoC

5380
5100
5200
5.4
i3
0.20
0.35

0.25 |

0.25
1.00°

0.25
0.60
0.10
0

39.4
. 0.80
2384
203
2355

1.25
637

1.0
51.6
6l.2
(64,9
. 0,765

0.40

0.019

0.000003 psi
0.000003 psi

1.405

ft.ss.
fr.ss.
ft.ss.
degrees
fr

®API

ajr = 1
psig

°F
psig
rb/sth
rb/MscE
scffsth
tb/stb

lbs/cu.ft

1bs/Mscf

lbs/cu.ft

cPoise

cPoise
cPoise
-1
-1
-1

0.000013 psi
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skeok ok sk ok ok ok ke ok ok sk ok sk ok b ok ok ok ok ke ok kR R ok sk sk ek sk ok skokokok ok sk ok ok ok ok sk ok skokok ok ko ko sk ok Aok ek ok ok
Hk ek okkok

-- Off GRIDGHDR GRID Module Grid Type: "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 GRIDGIHDR 0.0000000000000e+000 0.0000000000000e+000
1.0000000000000e+000

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

-- Off GRIDGHDR GRID Module Number of Layers: 1

-- Off GRIDGHDR GRID Module Grid Item Status: 1

-- Office INIT (INIT) Data Section Version 2004A_1 Sep 3 2004

-- File: Project2 _init.INC
-- Created on: 07-Mar-2005 at: 15:57:24

s ok o ok e ok ok ke sk ok s ok ok ok ok o sk ksl ok ok o ok sk ok ok sk stk ok ok o dokok kokokok ok ok b kb R ok sk ok kel ok ok skkok ok ok K
o ok ok o ok ok ok ok

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

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

dddkhdokkokdokdkokokk ok dokdok ok kb kdhokhokk kb ko kb kdk ke kdhdkk ok ko k ki kdkokkkk k&
ok ok e ok ok ok ok ok

-- 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* o1+ 5 1*  1*

-- Office PVTN (PVTN) Data Section Version 2003A 1 Oct 10 2003

-- File: Project2 pvt.INC
-- Created on: 05-Jan-2005 at: 10:22:38

ek ek ok deok ok ok Aok sk ok skok ok sl k ok sk sk ok ok sk ok kel ke ks ek ok kb sk ok ks kol sk ok ko keok ke kok kok ok kR ok ok
e ok ok ok ke sk ok ok

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

- ¥ ANY ATTEMPT TO EDIT MANUALLY MAY RESULT IN INVALID
DATA. *
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-- OFFICE-BVIN-HEADER-DATA
-- Off PVTN PVT Tables: 1 1

-- Off PVIN

"PVT 1"

-- Off PVTN Correlation Data: 34 1

-- Off PVTN
-- Off PVIN

"PVT 1"
"SET VALUE FOR STANDARD TEMPERATURE TO

59.9999999999999 IN F;"

-- Off PVTIN
- Off PVTN
- Off PVTN
- Off PVTN

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

"SET VALUE FOR REF_PRESSURE TO 3500 IN psia;"

"SET VALUE FOR ROCK_TYPE TO

CONSOLIDATED SANDSTONE;"

-- Off PVIN
- Off PVIN
-- Off PVTN
-- Off PVIN
- Off PVIN
-- Off PVTN
- Off PVIN
-- Off PVIN
-- Off PVIN
-- Off PVIN
-- Off PVIN
-- Off PVIN
-- Off PVIN
VASQUEZ;"
- Off PVIN
-- Off PVIN
-- Off PVIN
-- Off PVIN
-- Off PVTN
-- Off PVIN
-- Off PVTN
-- Off PVTN
-- Off PVIN
MEEHAN;"
-- Off PVTIN
- Off PVTN
- Off PVTN
-- Off PVIN
- Off PVTN
-- Off PVIN
ECHO
ROCK

"SET VALUE FOR GAS GRAVITY TO 0.8 IN sg_Air_1;"
"SET VALUE FOR OIL_GRAVITY TO 39.4 IN APloil;"
"SET VALUE FOR BUBBLE_POINT TO 1800 IN psia;"
"SET VALUE FOR SALINITY TO 0 IN fraction;"

"SET VALUE FOR TEMPERATURE TO 203 IN F;"

"SET VALUE FOR N2 TO 0 IN fraction;"

"SET VALUE FOR H2S TO 0 IN fraction;"

"SET VALUE FOR CO2 TO 0 IN fraction;”

"SET CORRELATION FOR ROCK TO NEWMAN;"

"SET CORRELATION FOR OIL_RS TO STANDING;"
"SET CORRELATION FOR OIL_PB TO STANDING;"
"SET CORRELATION FOR OIL_VISCOSITY TO BEGGS:"
"SET CORRELATION FOR OIL_COMPRESSIBILITY TO

"-.SET CORRELATION FOR NONE TO UNSET:"

"SET CORRELATION FOR OIL_FVF TO STANDING:;"

"SET CORRELATION FOR GAS_CRIT_PROPS TO THOMAS;"
"SET CORRELATION FOR GAS ZFACTOR TO HALL;"

"SET CORRELATION FOR GAS FVF TO IDEAL_GAS:"

"SET CORRELATION FOR GAS_VISCOSITY TO LEE;"

"SET CORRELATION FOR WATER_VISCOSITY TO MEEHAN:"
"SET CORRELATION FOR WATER_COMPRESSIBILITY TO

"SET CORRELATION FOR WATER_FVF TO MEEHAN;"

"SET CORRELATION FOR WATER_DENSITY TO FVEF RATIO:"
"SET VALUE FOR MIN PRESSURE TO 14.7 IN psia;”

"SET VALUE FOR MAX PRESSURE TO 3500 IN psia;"

"SET VALUE FOR TABLE _LENGTH TO 20;"

"EXECUTE;"



-- Rock Properties

3500 1.52989636834116e-006

/

DENSITY

-- Fluid Densities at Surface Conditions

/

PVTO

51.637497914955 62.4279737253144 0.0499423789802515

-- Live Oil PVT Properties (Dissolved Gas)

0.00147205112581786

198.136842105263 1.05501561257018 1.3038177153504
381.573684210526 1.05440666219081 1.38372584732077
565.01052631579 1.0541931998537 1.48667837998657
748.447368421053 1.05408438904723 1.610255773037635
931.884210526316 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 /

14.7 1.07094615599284 1.25848346413148

0.0338004658811244 198.136842105263 1.08559044619935 1.07513530259565

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 1.2722796254693 1
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



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 2.58624720552392 /
0.0744431331929582 381.573684210526 1.10440565503535 (0.92433609156112
565.01052631579 1.09731510183045 0.941057648486343
748.447368421053 1.09371839834052 0.964231461385351
931.884210526316 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 0.811102421165531
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
031.884210526316 1.14349314238829 0.737447406125316
1115.32105263158 1.13979936516897 0.75334218384874
1298.75789473684 1.13715636208487 0.771968600951975
1482.19473684211 1.13517159836041 0.79309066242474
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1665.63157894737 1.13362640465508 0.816538234334821
1800 1.13269539940708 0.835115268507325
2032.50526315789 1.13137652455243 0.869936919865351
2215.94210526316 1.13053210879566 0.89971900728087
2396.37894736842 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
2215.94210526316 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 0.625248635319894
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 0.801666809469318
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 (.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 0.493907200311433
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 Oil)

14.7 226.69880035671 0.0128289868560291

1800 1.31136445387697 0.467177119813708

198.136842105263 16.4360965914141 0.0129663805541276
381.573684210526 8.34198%90991909 0.0131826268061308
565.01052631579 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
/

PVTW

-- Water PVT Properties

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

-- Office SCAL (SCAL) Data Section Version 2004A 1 Sep 3 2004

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

- THIS FILE HAS BEEN AUTOMATICALLY GENERATED.

-k ANY ATTEMPT TO EDIT MANUALLY MAY RESULT IN INVALID

DATA. *
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-- OFFICE-SCAIL-HEADER-DATA
-- Off 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

- 0.3 00 05

- 04 00 03

- (.48 0.0 1*

- 0.5 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

-- Gas Saturation Functions
SGFN

-- Gas Saturation Functions

0 0 0
0.04 ¢ 0015
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
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/

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

-- SOIL KROW KROG

-- 01l Saturation Functions
SOF3

-- 01l Saturation Functions

0 0 0
0.2 0 0
0.3 0.01 0.03
0.4 (.03 0.04
0.45 0.05 0.07
0.5 0.1 0.12
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 1



NOHUIN Y

SIMULATION RESULTS
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