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ABSTRACT

Pmduction data for many gas condensate pl'Oducing wells all over the world have shown thaI

the productivity is severely cUJtailed when the flowing bottom-hole pressure is less than the

saturation (dew point) pressure of the in-place fluid It is generally accepted th~t (his

reduction is due to accumulation of condensed liquid near the wellborc.

A reservoir simulation study by EXODUS (Implicit Compositional Simulalor) is conducted

to address this issue for the Kailashtila gas field. fluid composition and phase behavior

sludies are also conducted using gas chromatograph, PVT apparatus and HYSIM simulalor

The results have revealed that the productivity impairmem due to condensate accumulation

near the wellbore is 1101likely the case for the KaiIashliIa Gas Field during its entire depletIon

life at the current rate of prod uctiOIl. Considering the natllle of the reservoir and nuid of the

other existing flclds In Bangladesh, this conclusion can also be a benchmark for them

••
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- Chapter 1

INTRODUCTION

1.1 Background of the Study

Large reductions in well productivity can occur in gas condensate reservoirs during pressure

depletion, when bottom hole flowing pressure drops below the dew point, due to buildup of a

condensate saluration ring near the wellborel,l. The productivity loss is due to reduced relative

permeability to gas as the condensate saturation increaseso. A productivity loss can occur

much sooner than the time at which reservoir pressure falls below the dew point due to a

pressure drawdown in the near wellbore region Deddy Afidick et aI.' reported a 50%.

reductIon in productivity of some wells in Arun retrograde-gas reservoir. They identified the

near wellbofc condensate accumulation as an extremely important factor to consider when

predicting the future well performance.

Mo~t of the gas fields in Bangladesh produce fair amount of condensate. There is a possibility

offormation and accumulation of condensate near the wellbore as the reservoirs deplete. As a

result, significant productivity impairment may happen, This study IS intended to address thi~

Issue,

L2 Objeetiv~s of the Study

The study is aimed at achieving the following objectives:

(i) To investigate the possibility of productivity impairment due to condensate

accumulation near the wellbore,



(Ii) To analyse the lepresclllatlve fh,ld ,mnples to study the eomro~ltloll and phase

behaviour of the reservoir fluId.

(iii) If significant productivity impairmellt happells due to Ilem wcllbore condell,ate

blockage, to study the feasibility of drilling horizolltal well ill order to improve

productivity.

1.3 Methodalog;y

Methodology of the study is ,ummari,ed below:

{il Re~ervoir simulation of the selected gas field in Ballglade,;h that has the highest

possibility of productivity impairment due to COllden~ate a~curnl[lation near the

wellbore EXODUS reservoir simulatol' (implicit compositional model).

(ii) Collect iOllof rcpre~entative fluid samples (gas and gas condensate) from the re'peclive

field.

(iii) Compositional analy.lis of the fluid samples by gas chromatograph.

(iv) Phasc behaviour stlldy of the reservoil' llLlids using PYT apparatus am! HYSIM

,imulatol'

1.4 Selection of the FirM for Study

Thc hlghcr thc cOl1den~ate dropout in the reservoir, the higher i, the tendency of eOlldensMe

a~eumulalioll near the wcllbore. A rich gas contains higher fraction of condensate and more

chance for condcnsate dropout than a lean gas Thercfore, retrogradc-gas re,ervOIrS h~ve

higher probability to fOrlD condensate ring around wcllborc than wet-gas re~eIVOlr~ lhe

2
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historical condensate
,,-. -

production rates of gevelal produdng: gas fIelds ill Bangladesh IS

presented ill TableI.4,J.

-hhle 1.4.1: 11 i.torkal Cm"lon'a!ePn'~uclio" Rot", ofSOl'or.1r.o~"dn~ Ga, ~id,I.' i" ll'''a'oclo.,h,

K'IJI"iLl,l" gas field
IJokllf:lbod go, Held
R~shidp"T g;L' tield
lJelabo gns field
Tila, g'" tlc1d
Habign'li ga, fLold
FOlli gns neld
Sylhel gas field

Condo""te Role. BbtlMMscl'

ILi8
l.52
US

,""1.39

" "''"3,49

Phose Ch,mCleris!ic""

SIigh!I)' -relwgm<ie
Non.relmgrade
Non-rell ogrmle
NOTl'Tclmgradc
Non_ret1og,,,de
No"'retrog1"de
NOIl.retrog",do
Non'relwg",dc

Among the producing Ilelds olily Kailoshtila reservoir show ,lightly relloglacle behaviour, Tilis

field also has the highegt condensote production rate among the ptodudng fields. Beani 110nr

gas fLdel (noli-producing) hos 0 ltighcr condensate-gas ratio (13 2 BBUl\1MSCf'). but the

fluids show notH'ellogtade behaviour". Therefore, Kaila.<htilagag l1elJ is the prime candidate

for the proposed study,

3



Chaptu 2

REVIEW OF KAILASHTILA GAS FIKLIJ

2,1 Introduction

Kailashlila is one of the largest gas fields in Bangladesh Tbi~ field is located in tho north-

eastern patt of the oountry (14'h gas block), tho so"calkd gas'province "fBangladesh Ga~

block 14 is lea~ed to the Occidental Co Ltd under a production sharillg contract (Fig 2.1 Il.

Although ~IIthese existing dLlcovered nelds including Kaila~hlila have ~een fenced off

The field was discovered in 1962 and went on production in July 1983, The cumulative ~ale~

gas ami condensate plOduetioll flom the field up to September 1999 was 0.16 TCF and 1 87

Mr>mBL, relpectively with a condensate.gas ratio of Il 69 BBLlMMSCF,

The phase behaviour of the re~ervoir nuids shows slightly rell'Oglade nature and lhelefote, has

bee" ~elected fOI the proposed study In this chapter, the reservoir de~criptioll. the rock ami

fluid propel!ie~ and the production and pressure history of the Kailashtila Gas Field arc

descrihcd in the following sections.

4
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2.2 Reservuir Desrript;OJll

Three major isolated commercial accumulations of hydrocarbons are enCOUllteredby the fir,t

three wells (KTLl, KTL2 and KTLJ) ill the field These gas intervals are consistcnt with the

seismic progn<1"tications The upper gas sand (UGS) is foune! at a depth of approximately

7500 feet SS and contains a lean gas with a liquid-gas ratio of 112 BBUt\1MSCF. The middle

gas sand (MGS) and lower gas sand (LGS) arc found at depths of %00 feet SS and 9800 feet

SS, respectively Doth zones contain [em1 gas with a liquid. gas ratio of approximately 11.7

BBUMMSCF (All LGR references based on f,ele! .\eparatol' conditions/' The seismic based

gross pay Isopachs of proved and prohable reserves for each zone are shown ill Figures 2.2.1,

2.22 and 2 2 3, respectively.

A total of seven minor hydrocarbon prospective horizons are also encountered by the first

three wells consistent with the gcological, geophysical and petrophysical evaluation of the

field The most promising gas.bearing 7.0nc i8 idcntifLedas the new gas sand (NGS) at a depth

of8814 to 8990 feel SS (between upper ~nd middle g~s 8and8), 'I be NOS is p,esent in all the

above wells hut 18foulld to diminish in the legion ofKTL3"-". The rc'erve ciassif,catinn, of

the UGS, MOS, LGS and NGS are presented ill Table 2,2 I,

'Ihe 8ix rcmaining minor horizons collectively referred to as the deep sand8 (DS), occur at

depth8 exceeding the depth of the LGS (depth rangc 10120 to 10G93 feet SS) Drill stem

testing (DST) of the DS-l in the KTL2 well has repo,ted oil production in association with

gas and waler. The probable oil-in-place and gas-in-place of Ihi, sand is 3 98 IvlMBBL and

25.5 BSCF, respectively The remaining deep sand reservoirs contain a total volume of 49.7

BSCF of pmbable gas-in-place reselves. These zoncs represent minur, single well

accumulation ofii((le economic interest 1<.", This study COIlCelllSKTL I well only

6
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Proved It.serves, BSCli Prob"bl~R~,crve" fiSCI'

MGS LOS LGS NGS

Ar.a l<lor.1 4(,11 2725 1752
A'.h[nJ 1774 84.2 ~'J,O
h"lh,,,,lio Q.795 O.7~1 Q,R47
(J IBseQ 107(,.6 2RU 247 R
NOle: No Po"ihlc Reserves arc ,eporled ,n tile l,ten,I,,'O,

2.3 Rock and Fluid P"0l'eI'Jies

3788
2(01.0
0795
lJ01.3

3192
190,1
U 7<11
748,0

IORJ
(,9.'
U.57
54,7

'111eimportant rock properties in reServOir engmeellng a'e porosily. penneabilily, ,c1~tive

permeability, capillary pressure, compressibilily, wellability, ele The important fluid properties

are the eompo,ition". "alurat;"n, and the pressure-volume-temperature (rVT) properlies like

formation volume factor, viscosily, compressibility facial', etc. for thc diiTercnt phases presenl

in the re~erv"ir

The reservoils in Kailaslltila gas field me assumed 10 be 11Omogeneous Ignonng the

permeability varialion in horizonl"l and verlical directions The pOl'osily, I'errneabilily. gas

'I'ecific gravity, gas satll1ation, initial gas f"nnalion volume factor, gas compl'essibilily factor,

initial pressure, reservoir temperature, ga, molecular weight, critical pre-'Sure, critical

lemperalure and dew-poinl pressure of lhe main [eselvoil s are listed in Table 2.3 I

The sandstone reservoirs in Bangladesh are water-\,,'e[ meaning the water preferably adheres to

thc roek surlhce 1110 roek compressibility has not been reported in tllO literature and

llierefol'e, is assurnecl a value of 3,2xlO'. p3i"', The two-phase relative permeability and

capilla')' pressure funclions are presenled in Table 2,3,2, and J'igures 2.3, I to 2 3 3,The gas

compositions of the main reselvoirs oftl1c field are 8hown in TAbic 2,:1.:1.The PVT properties

orthe reservoir fluids (ga~ and wate,) ale shown in Table 2,3,4 and figures 2 3.'l and 2,3.5,

10
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T,,~I~ 2.3.1: Somc ba,ic rod< ",,<I [luid l''"''I'Hlk.' of JIGS, iI-lCS, LCS .",d NG,',""

\las MGS LOS NGS
Poro.<il}[r",clion] O.2U 018 020 0,IR5
PCTllIc"1Jililyimrl[ 386.6 ]260 287,1 22(,0
G",S.O [",mc,~l[ 0.628 0,610 OG.1U OGn
S,~I.S";lrraci'olll 08,1 {)84 0,84 065
U~IR,~,1Sw'[ 000442 0 UU.1W> 0,00.19 0.0041
2-f"c(or OR';l 095~ 0954 0916
p, iP,iJ[ 3332 4263 436{, ,870
'I'R["f] 152 171 172 (5Y
M. llbllbmol[ 182 18.3 18.1 182
p. [p,i"] (,(,],7 663.2 663,2 663.7
T, ["RJ .1619 362,1 362,1 361.9
1',1=~••.JJl,i"1 2725 1.814 2814 2725
Note' Oh'cn llLe I'",,,inuly be("""" the MGS "ud LOS. lhe lower ",,,d properlies "TC""",,'ed I'alid for
"PpliC"liOllln Ihc ",iddle 7.o"e, Tile UGS pfo~,lic" ,,,c "Iso ""IIJned 10be ""lid fo' NGS

T"IM 2.3.2: Tho •.d"live p"""e"bili!]' "nd r"I,ill,,~' 1"0"'"'' r"""lio",,"

'W KRW KROW PCW(p,h) ~<C KROG PCG(p,i,)

O.I6O "" ,, 5J.3J3-1 ,." "" ""0,165 0000001 0928 .18,3333 0.937 0013 0,1l
0.175 0000002 0,904 249000 0.8871 0,1l1) 0,0
0.200 0,000004 0857 1211'17 0.687 u,on ""0,225 000000(, 0821 8,3000 0.557 004.1 ""0250 0000008 0,785 (,,0000 OA4J 0053 0,0
U,275 000001 0,7495 4,0000 0.35 "'" 0,11
o 3UO 0,00002 0,714 2&17& 0.251 0,087 (I.lI
0350 n 00009 (I,M3 j 3000 0.0 0, 11 '"0.41){) 0,0002(' 0571 0(,0110 0.0(,7 (1143 0.0
0.450 o 0()1I79

'" "" 0.03 {I.l75 0."
U500 000.1118 0.428 ,., o.on 0.0 (l.0
o 550 n,1l17 0.357 "" 11.004 0.225 O,()
0580 00]6 0.32 0.0 ".0 0.24 ""0,('00 0.05(, IU8G ".0 O.U IU5 ""0.700 O,J75 o 143 '" "." 0; IU)
0.800 0.391 "" '" 0.1) 0.17 0."
0.900 0,662 "" "" 00 0.5 o,{)
1.000 I UOO 0,0 ".0 00 1.0 0.0

II
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Cn"'I"",.,,1
MGS LeiS NOS

N, 00018 00008 00008 0,0038
H,5 0,0000 00000 00000 000.18
CO, 00005 00019 00019 0,0018
C, 0.9401 0,9415 0,~415 09101
C, 0.0273 0,0271 00271 00271
C, 0.0102 o.oo~~ 0,0088 0,0102
iC, 0.002G 0.0022 ooon 0002G
ne', 0.0029 O.OOB 0,0023 0,0029
iC, 0,0015 O.OOlJ OOOU 00015
nC; I)0009 0,0007 0,0007 00009
C, 0,0014 000!9 0,0019 0.0014
C, 0002600035 OOOJ5 0,002G
C, 00028 0003& 0,0018 o,oon
C. 0,0013 0,0017 0.0017 00013
C" 0,0006 0000& 0.0008 0,000(,
C" 00001 00004 0,0004 0,000)
C" 0,0002 00003 O.OO(lJ 11,(10112
C'.1 0.0002 00003 0.0001 00002
C" 0,0002 00003 0.0001 0,0002
C" 00004 0,0005 0,0005 00004
Nato, Given tho J"oxi",ily bol\l""n Ih. MGS a"d LGS, the 10"'" <oud Ilnid ",""po,ilio", are "'''"lled 10bo
,'alid ror Ihe middle 'One. 1 he UGS cOmpo,ilion, "re nl", "ss"mcd to be \'"Iid for NGS.

PIC'"'''' '. ,c, " '"[p,i"J [rc[l,d] [epJ i,bl>lb[ ["1'1
toO 017.1805 0,01305 1.0.147 0,33

'"" 0,0.1.1.12 0,(1)45 101J5 033
1000 001593 00142 1.031 o 33
1500 0,01026 00154 1031 o 33
2000 ()()()754 0.01705 1.03 ""25110 0,00599 00191 1.0285 033
2725 00056 0,0202 10279 0,33
2~135 0,00547 {)020(, 1.0276 0.1.1

'00" {)0019 0,02155 1027 033
H45 (],(10455 OOlll 1.0263 ""3500 0.0015 0.02J95 1026 033
4000 o 00404 002645 1025 r,13
4379 0,00377 00234 1.024242 ""Re"".-.ol, lemp is 172'F
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2.4 Production ond l'r~sSllre 1I1s1o,'Y

Production History

Gas production in Koilashtila field began from both upper and lower sands ill July 1911Jat

KTL 1, Due to an excessive water cut nom lower so"d, this sal1dwas permanently scaled olT in

the fLl'stw(lrkover operatLon during May to August 1995. Some production is reported from

uppel gand in September 1995, Continuous production fromlhig well (only from upper sond)

resumed in May 1997, PLoductioll frol11this well ~g~in suspended from October 1997 due to

an excessive water Gllt Therefore, the wel[ is ~Iso se~led ofT in the upper .<andill the second

workover opemtion during October 1997 to l'ebruary 1998 The tot~1 gos, condensate and

water productiol1 frol11lower and upper sands by KTLl is 82118,421 MMCF, llliO025 STD

and 166.147 n ilL rcspccti vely Appr oxillrately 55% of lhis g~s production is atllibutoble to the

lower sand

KTLI was reopened in the middle sand during second wOlkover operation. The production

liLl11lthis ,ond started from I'ebluary 1998, The lotal gas, condensale and water pruduction

frolllllliddle sand bv KTLI up to Scptcmbcr 1998 i,4801 397 MMCf', ~~922 S"lU and 1281

BBL respectively

Thc production limn KTL2 began from uppel sand alone in Fehnlflry 1995 bul the welt was

out of production nom April 1995 10 Angust 1995. The lotal gas, condensate and walar

production frOIllKTL2 up 10 September [998 is 27151.332 Ml\1CF, 368318 STB oml4678

BBL rcspcctively.

The prodlKlion 110mKTD b"Bnn from middle sand alone in March 1995 but 110production Is

reported in April 1995. The total g~s, condensate and water production from KTL3 lIptO

Seplcmbel 1998 is 32467.773 MMCJ', 434120 STU mid 6617 BDL, respectively,

IS
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The production from KTL4 begall from lower sand alone in March 1997. The total gas,

condensale and water production fro", KTL4 uplo September 199H is ID'J) 465 MMCF,

162440 STD and 2323 BBL, re~peclively

The lOtal production of gas, condensate and water in the field up to September 1998 is

159932.388 MJl,1CF, 1869825 STn and 181276 BBL, re~pectively, with a hi,torical

condensate-gas ralio of 11.69 STU/Ml\lCF all(! a 1Ii,tOlical water-gas ratio of 1.13

BBLfMMCF The monthly production recmds of the wells ill I<ailashtila gas field are

ptesented ill Table 2.4, 1,

Pressure History

Initial pressures for the "pper and lower gas 70nes at I<'I'LI were determined in M~rch 1962

by Shcllupol1 well e\lmpletion. P,egsures were laler estimated at this well in Janumy 1985 ag a

result orthe productiOll/pres,ure te,t operalions conducted by lPEC. Pressures for both upper

ami loweI' ZOllegwele estim~ted No other reliable pre%ure e~timale at KILl in upper gas

zone is available. Two other plesstlte values are collected ["om field source, One is the

prcssure estimale condueled in March 1993 and tile other is the calculaled preS8ute in April

1995, Two additional pressures were determined in Ihe upper sand during testing of KTL2 in

Octobcr 1988 and Augu'l 1992. The plessure history of Kailashlila Ga, Field is shown in

T~ble 2.4.2.
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Tnbl. 2.4.1: M"nlllly I'mducli,," 1coul-d, (If Ill. ",dl, ill Kan"hm" Gn, Field

KTL-l:

MOlI!h c," Pl-"dncli"", Mel' Oil Pl'Odn(ti"JI, STIl Wotcr Pnldnclhm, nllL

UGS MGS LeS UCS&LI;S MGS lIGS&LGS MGS

Jul-SJ 175100 0 214800 4J{)2 , '" "Ang-83 " " 0 " " " "Sep-83 0 " , , " " ,
001-81 0 , , , " " "Nov-WI 267600 " 3J.9400 (,9.% 0 20(, "Dec-83 , " , , " , "Jan-M 290700 " 355JOO 7723 " 1(,8 "['ro-84 " " " , " " ,
Mar-S4 304900 0 369900 7(,n , m ,
Apr-M , 0 " , , 0 "May.84 }sJ900 " )442110 7079 , '"' ,
JUll-84 , , , " , , "Jul-84 228200 " 276000 5449 " "" ,
Aug-~l 66100 " 80800 1641 " 21(, "Sop-84 " " " " " , "OeH4 2670(l() " 323600 6657 " '" "N"v-84 2.16700 , 289]00 6145 , 195 "Doc-84 4751111 , 58000 Ll20 " ON ,
Jon-85 151700 " 182800 ,981 " W "Fol>-S~ GG700 , 79)00 1752 , 202 "M",-85 299]UO " 3GJOOO j)1n , '" ,
/lpr_~'i 357J00 " 4J4000 8194 , 219 "M.l}'-85 3536110 " 429.100 77&7 , '" "J",,-85 192500 " 232j)OO 4490 " m ,
Jul-85 188200 " 249lt10 4648 " m "Aug-H.I 15411(111 , 201100 4524 , '" ,
Sep-8j 165100 , 116100 5419 , lRO ,
Ocl-85 ln200 , 22.141l0 58H , '" ,
Nov.85 72800 " 9j(,OO 2090 , '"' "[)re-85 218100 , 286600 6167 0 209 "J.,,_86 112400 , 278GOO 612~ " m ,
Feh-M 171200 0 224300 4873 , 189 "Mo,-86 34500 , 42700 10Gl , no ,
Ap,-86 47000 , ~9~0() 13)8 , 197 "M"y_86 110200 , 2S9000 6]]6 " 2(1() ,
lull-86 216100 , 283700 5934 , ''" ,
Jul-86 ?R81l0 " IOI()OO 20Rl , '" ,
Aur,-B6 229200 , ,00800 61n , m ,
Sep-B6 218200 , 286500 5911 " m ,
OeH(, 2.10.1110 , J02'100 5891 , '" ,
NO\-B6 218100 , 286500 .\851 " 210 ,
[Jec-86 32]11110 , 425300 8171 " '" "Jatl-87 2,5900 , 311400 6411 , 197 ,
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MOlllil Gn, I'n.duel;,,,,, Mer. Oil 1',"O<Io'<l;on,STH Wale'- Pe"du<li"n, Hill,

llGS MGS LGS lIGS&LGS MGS IJGS&LGS MGS

Feb-87 1%000 , 257100 5.112 , "" ,
Mm-87 220200 0 288900 6208 , NO 0
Apr-87 218300 , 286600 60M , 146 ,
M"y_87 214~00 0 n] ~IJO 5771 " 24~ 0
Jun-87 206500 0 2709110 55n , 2.16 ,
lul-87 252000 , 305300 om , 2(,1 ,
Ang-87 235500 , 285100 5797 , no "Sep-87 21J600 , 258300 5J61 , 2(,] ,
Oct-~7 2"12]00 " 281100 5678 , m 0
Nov-87 209000 , 252flOO 5098 , m ,
Dee-87 246000 " 29nOO 5978 , '" ,
lao-88 256900 , 311200 6n8 , m "Feb.~8 2499J){) , J02800 591-1 , 256 "Mnr-88 245500 , 297200 5fl90 , m ,
Apr-88 233500 , 282700 548(0 , '" "Muy_88 218200 , 2GJ900 5326 , 'M ,
J",,-88 196]00 , 237200 4902 " m ,
J01-88 224000 , 271000 5530 , N" 0
Aug_88 24G400 , 29MOO GI06 , 2]2 0
S<p-88 266600 , 323200 659] , no ,
Oel-88 ]10700 , 378400 7432 , on ,
NO"-88 265100 0 321,jOO 6520 , 252 ,
Dec-88 298700 0 J6J800 7i65 0 239 0
J",,-89 2(,0800 , 393040 7157 , "0 0
Feb-89 256590 , 384459 6729 , no ,
Maj.89 294045 , 327322 6395 , '" 0
Apr_89 2lJ680 , 3248gil 52JJ 0 175 0
1\-l"y-89 195980 , 296078 48J8 , 1(,9 ,
J",,_89 2)4440 , 33310G 5698 , m ,
lul-89 372650 , 287523 6148 , "" ,
Aug-89 309500 0 ] !J60] 6441 0 '" "S.p_89 277680 , 30~O94 .IK13 , ''" ,
Oc1-89 2~7310 , 171898 6694 , '" ,
Nov-89 3J8990 , 348631 7063 , '''' ,
Dcc_89 .187920 , 270109 7001 , '''' ,
J"n-~O ]51410 , 167324 5210 , ''" ,
Feb-90 ]73730 , 263194 624] , lRO ,
Mot-90 J73430 , 119757 7295 , on ,
Apr-90 3659]0 0 ]]9475 7191 , 199 "MBy-9il )25920 , 36J869 6908 , ''" ,
J\I)I-90 319790 , 327374 6512 " '" ,
Jul-90 358850 , 348805 7132 , 210 ,
Aug-90 336460 , ]4.1667 6826 , "0 "Sep-90 282710 , 298213 "m , ,"" "OCl-~O 2H~IO , 348893 5806 , '" 0
Nov-90 242360 , 381242 (,017 , 195 ,
Dec-90 301980 , 41'i911 7251 " m ,
J",.-9] ]75080 , 4 15I j 2 7972 , 243 ,
feb-91 ]05920 , 328G67 (,)91 , 202 ,
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Month Ga' Pruoludim" ~lCF Oil Production, S 18 W,te •. l','"d"cli"n, nUL

IJCS MGS LGS UGS&LGS MGS UGS&T.GS J\IGS

MoO,-91 4013750 0 393769 7('R4 0 231 "Apr_91 341900 " 366512 6310 " m ,
IVlay-9J ]466:"0 , 392127 759.1 " '" ,
Juo-91 2B2720 " 3H883 6797 , no ,
J"I-91 3124]{) , 3698017 (,nH " no 0
Aug-9J 255390 , 35QM2 (,087 , on ,
Sep-91 2235811 " .135417 "" 0 "0 "001-9J 223]50 , 3673501 6]]4 , 192 ,
Nov-91 2639401 " j(,7](l5 6702 " 2115 "Dcc-9J 2699301 , 37(,51)9 6788 , 1119 ,
J",,-92 245140 , ]89661 6755 , m "F.b-n 2142701 , .164760 610U 0 189 ,
M",-92 2738501 " 41117]4 (,914 " 226 "Apr-n 2341401 , 3M428 602~ " on ,
M!Jy-92 264'1,01 0 319922 5978 , 21X) "1"0-92 19(,]]0 " 350814 5554 , 'M ,
Jul-n 3146H4 , 2J67Q9 51148 , '" ,
"ug.n 319998 , 245956 5341 , m 0
Sop-n 3016911 0 245103 50158 , 17] "Oct-92 258841 , ]88505 530.1 0 193 ,
Nov-92 2H9J7U " 39UZR7 6406 0 2 111 ,
Dec-n 3134.101 " 397783 666U , '" ,
1nn-93 333594 , ]0767!) 5727 0 on ,
Feb-93 302491 , 335324 6025 0 '" ,
Mar-93 177414 , 3601172 H6~ " N" ,
Ap'-93 4{)92'il , 358224 7(,51 , ''" ,
MU)-93 359<\41 " 399622 7563 , ''" ,
J,"\-9.1 31~976 " H~916 6908 , 2.16 ,
J"I-93 36222.1 , 418295 77201 , 26] "Aug-93 4012960 , 4012(,69 7827 , n" "Sop-9] 402652 , 3782013 7209 , 2(,) "Oct-93 527805 , 418803 8920 , '" 0
Nov-93 4389911 , :18728J 8247 " m ,
Dcc-93 4641JS , 391147 R7R(' , '" ,
J,,,,-94 4(,6538 , 377598 8693 0 i8] ,
I'cb-94 .147557 " j708R7 RJ02 , 2~6 "M",.94 48G599 , ]~-11~9 8GJ2 , m ,
Apr.94 41l64U2 , .1.1G591 7318 " 251l "Mu)-94 4.16995 , 419676 R774 , '"' "Juo-94 472439 , 39(,(,11 3~18 , 275 ,
)111-94 ]54454 0 344926 6939 , 3014 "Aug-94 4901764 , 375032 8903 " "'" 0
50p-94 440750 " 2R5516 7688 , J2GR "OcI-94 520%8 " 379257 9492 , 2120 "No,'.9~ 49R211 , ]265]9 8657 " 2528 "Dec.94 50(,30(' , 261693 n98 0 3233 ,
).,,,-95 51.181\1 , ])9452 8(,01 " 3955 ,
Fcb-95 471%9 , 2971RO H21H " 47.16 "Mar-'15 315176 , 55394 4]511 , 1](,1 "
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Munth Gu' Producli,,,,, MCF Oll1"-od"cl;on, STJI Wulcr Prodllction, BBL

OG' MG' LG5 UCS&I,GS MGS UG5&LGS MG5

Apr-95 426146 , 11227 J~~l , 2102 ,
May-95 168147 , , 1486 , '" ,
Jun-9S , , , , , , ,
Jul-95 , " , , , , "Aug-95 , " , , , , ,
Sc1'-95 38694 , , m " m "Ocl-9'; , , , , " " ,
No>_?5 , , , , , , ,
Dec-95 , " , , , , ,
10,,-% , " " , , , "Fcb-% , " , , , , "Mar-96 , , , , , , "Apr-96 , " , , , , ,
May-% , , , , , , "),,,,-9(, , , , " , , ,
1"1-% " , , , , , "Aug-96 , , , " " " ,
Se1'-96 , " , , " , ,
001-% " " , , " , ,
Nov-96 " " , , " , "Dcc-% " , " , , " ,
Inu-9, , , , , " " ,
Feb-97 , , " , 0 , ,
Mor-97 , , , , , , ,
Apr_97 , , , , , , ,
Moy-n 55292 , , 476 , _\104 ,
JUIl-97 383904 , 0 3251 , 1')800 ,
JIlI-97 54J423 , , 5386 , 24673 ,
Aug-97 .14874.1 " , 3304 , 21278 ,
Sop-97 322093 , , 3.179 " 25.1.11 "Oct.97 203599 , " 2040 " 19952 "Nov_97 , , , , " , "Dec-97 , , " , , , "J'II1_98 , , , , " " "Feb-08 , 51729 , , 547 , '"Mor-08 , 77]~o4 , , 7248 , 161
Apr_98 , 673.1J8 " , 6510 , 1(,(,

May-98 , 644571 , , 6288 , 178
luu-98 " 711428 " , 6583 , 182
)111-98 , 668997 , 0 6165 , 201
A"S-98 , 678744 , , 6162 " J 95
Sep-n " 599095 , , 5419 " m

Nole: Dol" surpli",1 hy SGFL
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KTL1_UGS:

Year Monlh D" Sl,lic P'-e'","'e P/Z (I"") Gp (MMSCF/D)
(p,io)

1962 , " 3332 1870 m
1985 , " n05 38.13 2119
1988 '" "

3291 1828 11887
1992 • , 3285 3823 25427

KTLl-LGS:

Ye,r MOntil O"r St.lic P'-e'.'are
(p.,i,,)

1Y62 , " 4366
1985 , " 4109
1993 ; " 1809
1995 ; " 1G';8

(Calculated)

NOle: DOl' '''Pl'lie<l by SGFL

P/Z (1',10) Gp (II-1/1lSCFID)

470(1 0
4580 2823.90
4280 .12991.91
4110 414('(',81



2.5 J\'1A TERIAL BALANCE

A material balance was done for the reservoir to find out the adual cau,e of this high-pleSlure

maintenance. Here, it ha~ been aS~llmed to be a volumelric depletion type reservoir, which

means that when the pressure declines due to production, there is an ins;gnifLcant amount of

water innux into the reservoir from adjoining aquifer. 'HlllS tbe re~ervoir voillme occupied by

hydrocarbon, will not decrease during depletion So, the expression for the hydrocarbon pore

volume (Hery) is a, following-

The Material balance for a given volume of production, G p and consequent rre8Sllre drl'p Ln

the average le~ervoir pressure, ¥ = Pi - P is then

Prodllction - OIIP - unproduced ga;;

(;n sc) (i" sc) (;nsc)

llCl'VG-.G---
" R,

G p = G __G-
B
-'-"""-,

\Vbich can be expJessed as

Gp =1- B"
G B'•

11comes to

usmg expreSSion, B.

l' P Gp-" -' (1- -) --"-----"--------------------------------------------------------
Z Z, G

25
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Now, p. vs, G (cumulative gas produCli(lll) will give a straight line. This line when extendedZ "
up 10 r ~0 will give total gas ill placo. This is a more .\bortcut method of finding the GIlP of

Z

a reservoir, But, estimations oblained in this method are very sensilive 10 the accuracy and

availability of prolongs production dala, If eslimates are nJade on only the illitial production

data, there is a gl cal chance of getting erroneous re~ults '".

In case of Kailashtila gas field the number of available data for rand G I' is only four, Apalt
Z

flom lhe initial reservoir pressure of the Kailashtlla gas field, only !IIIee shut-in pressures are

available which are given ill the fable 2 4.2.

vs. G p is produccd, which has beenUsing the givcn dala ill Equation 2.5,1 a
p

plot of Z

plesented in Fig, 2.5,1. In this figule lhe GIIP shown is 361 USCI', whereas IKM reported

47,8 BSCI' for KfLI lower Mnd end for upper sand lhe Gnp shown is 2(,00 BSCF/D

whereas IKM reported 1130090 BSCF,

2G
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C11~pter3

RESERVOIR SIMULATION

3,llllh'odlleti""

The EXODUS reservoir simulation software has bl,en used to inveMigale the problem of

produclivi(y impairment dlle to condcnsatc accumulation near (he wellbore of ver(ical wells in

KalJashtila gas neld, The two majol' gm; sands namely UOS and LOS have been considered ill

tbe study. The sands contain 72% of the (otal gas-in-place of the fielcl(.,ll

In tbis chapter, the main feature, of EXODUS reservoir simulator, the simula(ion grid system

and the essential inpll( parameters are desclihed The dilferent prediction cases are also

described,

3.2 EXODUS Resrrvoir Sjl1111l~tor

The T & T Associates Inc, of Canada developed the EXODUS reservoir simulalor. The

recommended conligutation for a PC wnll;Jlg EXODUS is a 486DX with at least 8 Mby(e~ of

memory, 200+ Mbytes of hard disk capacity. Microsof\ Winduws J. I or higher and Microsoft

Excci4,O or higher are also neceS5ary,

EXODUS is a general-purpose cornp,ositional model for simulating black oil, gas or gas

condensate, volatile oil reservoirs, The compositional formulatio" of the model accurately

lepresenls phase behaviour for lreatment of variablc bubble points, mixing of different PVT

regions, tracer tracking and ditrerenlialion of injccted and in-place l1uids. The transfer of allY

component between the oll, gas and ,,'Mel' pbases is calculated U5;l1gequilibrium ratios. Black

oil dala are ;ulernally converted 10 compositional equivalents,
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The proglam c~n simulate p",blem~ in one, two or three dime'l'ions using eitiler reclangular

(x-y"z) or cylin,iJical (r-G-z) co-ordinatcs, with any combination of oil, gas or watcr phascs,

and characte,i~ing the reservoir fluid into one or more components. Intcrblock mRSStransfer is

represented by Darcy's law wilh relative pcrmeabililies, capilla,y p,e,su,e Rnd g'avity effecls,

The reselVoir description Copability includes TlRturaliyfractured reservoirs, and communicaling

faulted reservoirs Dual porosily/dual permeabilily reservoirs can aim be simulRted The model

also allows special connection of non-neighbourillg grid cells for unconvcntional problems,

Wells can be rleviated 0' horizonlaL Multiphase correlation is fully couplcd to provide

pressure los,es in lhe lubing

EXOIlUS has non-linear ,egression parameter buill into il whereby the program user may find

the best values of porosity, permeability, relative permeability that will match observcd field

history This is commonly known as aulomalic history matching. This fealme is or g,eat value

in reducing lhe lime rcquired to obtain a hist01y maleh'o.

3.3 Math~matical basis fol' imillieit compositiunalmodd

The simulation Illodel 's a fully implicil, three dimensional, multi-component model fo'
simulating i~othellnal plOce",e~. Thc finite difference fi,rmulalion is a block centred

approximalion to the paltial differential equation". In addition 10 live alld nille poinl finile

differellec approximation", the lllodel allows lhe linking of any pair or grid cells for mass

transfer.

In finite rlifferellee formulalion a partial differelJlial equation is convcrted to a lillite difference

equatiollusing the ['aylor scries expansiul1, Tile reservoir is djsCl'eli~cd to a numbe, ort,locks

alld each block is represented by a finite difference equation. The boundary conditions are also

convertcd to a corresponding /inite difi'erclliial equation, The~e resuh in a set of algcbraic

equations, which is then solved using a suitable scheme,

)0



Mathematical formulation used in the mo'.!el is bde~y discussed beluw;

Any comp""ellt can exist in any ~h~sc and we a"urne the!e ~Ie 'N' ~liases and Nc

components

Component b~Jance, r ~ J,2,J -----------"---Nc

(3.3 I)

whele, the terms arc

r = Tmllsmissibility ; Kr = Relative permeability, Dp = Pressure drop; tlrc = Capillary

pressure drop; y = Specific gravity; V = Volume; tit = Length of time step; p = Density; qJ

~ Production Iate

The interface mass transfer is handled by means of K values Thus for eadl pair of phases, e,g,

oil and gas y, = K,,,X, -----------------.-.-----------------------"----- .. -... ---------- (33.2)

where y, is the mole ftaction of componcnt, i, in the gas phase, Kgo is the intel face mass

transfer co-eD1cicnt for the component, i, X, is the mole fraction of component, i , in the oil

phase, Plm~e c""Mraint equation's, aile for each phase, en~ure that the mole ftactions slim to

L

,
I;X,,=IO..,
A saturation constraint equation:

"I:S" = I 0 --------------------------------------------.-----------------------------
"=,
completes the equation set".
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3.4 Simulation Grid DClcription

As mentioned in Section 3,1, the tlHee main ga, sands ofKailashtila gas field ate ,elected fm

~imulation The gross pay i,opa~h of these ~ands are ~hown on FigUl"e~2,2, I, 2,2.2 and 2.2.3,

A three-dimensional 23x5x3-gri<J model of the upper sand and lower gas sand, as configured

by lKM", is used for prediction, The individual sand, are modelled as i,olated gHS

accumulation a, present in the reservoir. Each of tbe sands i, further divided imo ,uitable

number of layers The zero edges of the saud, and the model grid system u~ed in the

simulation are shown in Figure 3.3, I'. Tile spatial orientation of the sands along wilh the

model grid system is shown in Figure 3.3 2"

'J he upper gas sa"d is divided inlo fOlil layor, h,,"ving""gros, thi~kne." of 100 leet each

The lower gas sand is divided into thlee layers but having a gro~, thickness of 50 feel ea~h,

The grids those contain the perforated se~tion oftbe well are fur1her refllwd, using EXODUS,

to specifY the ,,"~~urate perforation interval This also help, to achieve beller resolution in

determining the ~ha"ge of phase saturation near the wellbore

The volumetric area of the sand present in eacb grid is manually calculated and approximaled

into rectangular grid ~el1s, The proved aud probable reserves of tile sands <Ireincluded in tbe

model, The dimcnsions of the grid blocks are chosen in ~lIch a way so thnt Ihc ,b<lpe <lndthe

volume ofthc reservoirs me duplicated. The calculated gas in place oftllc simulation model i"

more than tbat reportcd ill tile IKM report'.

The i"divi,!ual reservoirs are assumed to be homogeneous and isotropic, The necessary input

parameters to the EXODUS Siml,lator nre dis~us,ed in the following ~ectioll The completion

data of the well, are shown in the Table 3,4 1.
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1',,1,1.3.4. I: CO'''I"'cliun ,b,la "r llle "ell,"'"'"

Pcrioml;on inle",.,,1 (0 ,,)

Well MGS Skin

n, 1~8 IJS'1(UGS).J77(I.GS)
0,\,16 18\,(,11
01-16 15.05
0.146 1.15.,1

LGS,97S0.9910 n",.

971~-~80974l(,-71H6
7H9.7J(,9

KTLI
K'IL2
KTLJ
KTIA _______. "_820-9370
lIocimn: UUS'7110-761Onss, MGS 9370-967(1n••.

JJ

•



--
.'~'

-..-

•
..

--
!••

rn---
(!ill-'--
ffJ---

•;
!.-.. l,

.~-,,----------~---------------~

fll:""" J.J. 1: 7..,." F.dl<'" of th. S.nd. on,' M"MI Gri,l S,.I..", U""" In Ih. Simulation'



'-~- ~ ----=;~
',c_

- ,,-,
,~'

or"" '" ""'

-..."

Fi~'llre3.3.2: Spatial Oriell{olion of (he S.nd, and Grid S)-'lem 11.'cd in {he Simnl,,{;,m'

35

o



3.5 "'IIll! P~rUIll~t~t~

For perleel reservoir simulation the ~cetLrale reservotr Rtld fluid de~criplioll arc illdispens~ble,

Therefilre, lhe beller we know abotLl the reservoir, the Jm,)Je reliable is the simlliated

predictions, Unfortunately, [he least information is known during the early Iile of the Ie~ervoir

and the maximum information i~ known when the r~,servoir is empty. At least some accurate

input parameters are e,~elltial for any kind of resel voir simul"t ors li.)rJeawnable prediction,

As mentioned earlier, the EXODUS te,lervoir simulator is a le,tricted comp08iliOllni model.

To perf01lll a ,imulatiotl study, the following information are need~d:

] PV'I' properties of the reservOir fluid, ie, Bo, B", 0" R., p,,, Il"" !-I~a,1 ftillctions of

ple,sure. EXODUS call also gellerate PVT propertie,; limn Standing's fQrt'd"ti"n" for

ga,-water re~ervoils, the only effeeti\'e parameters ale n,,, B" It" and II, (Table 2 3A), hut

realistic oil properties have to be enleled as the model goes through the conversion to

equivalent composilional propcltics,

2. Relalive pcrmrabilities, viz K,,, and K~"a, a fUllction of Sw. and K" ~nd K., as a fiHlction

of S, (= I-S,), Ag~in EXODUS can generate these value~ f,"m II onnqlOtll" S c"rr~btiollS

For ga,-wale! re,ervoils (SL7S~). waler phase IcI~livc permeabilities and water-oil

capillmy plessures are oblained from the K", VS. S. and I\~ v, 5" CUl~e, Icspcctively.

Similarly, ga, pha,e relative permeabiii[ics and ga,-oil capillalY preBsnrcs are obtained

from tbc K" vs, 51 and Pc, vS. S, f"rVes respectively (Table 2 3.2) The oil pbase relative

permeabilitics should be enteled as K•• is calC\lI~ledUoingStone's model 2.

3, For a field ,tudy, m~ps of stllJCIUTeon top of porosity. gross pay thickncss, net pay

thickncs<. porosity ete Constant valucs may be entered for valious propellies or may be

interpolated from well values usillg EXODUS. However. the mOle infonnation Ih~t ;s

available flom the geologist, the beller, Map,~ should be provided f"l' each layer of lhe

model, ho\vever, the formula cupability of EXom IS may bc \lsed to subdivide and

compute Iilyel properties from olhel layel s,
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For a theoretic~1 model study, whele flO maps are used, glid cdl values may he enlered

{!ireclly into EXODUS. The contour maps and the nece,"my rock and fluid properties

used in this study arc shown ill Figures 2 2 I, 2.2 2 and 2.2 3 and 'hbks 2.2, 1 ami 2.3, I,

4 Well location and eOlnplction data of the wells are indicate{! in the grid systems of the

individ'Lal sands (Figures 3 3.1,33.2 and 3,3,3), The completi{J]l dala of the wells are

presented in Table 3A 1,

5, The historical production and pres.lure data of the Kaila~htila wells are listed ill Tahle.~

2,4, I and 2,4,2 re.~pectively.

3.6 P,'edidi"n Cases

The prediction for the productivity losses dlle to condens~te accumulation Ilear the wellhore

was made at the current well production rates The currenl gas production late of KTLl is

approximately 25 MMCFfD, The current condellsale production lates of the well me

approximately 9 BBLfMl\1CF Similmly, water production r~tc is ~pproxim~tely 0,3

nnLfMMCF The ilistorical g~s, condcos~tc and water production rates of the well are given

as input in the simulator for all accurate pr~dict;on, The currellt gas nlle~ of Lhewell a,e (lie

standonl for K~ilashtila g~s field, as well liS 1'01 the otlier gm. neld.~ in Ballglade~h Tile

reservoir model Can also be simulated for otlier higher or lower lates with minor d'~llges in

the well flow parameters, At higher rates, 0 higher drop of pre"ure is expected neM the

wettbore lestilting in a higher dtopout of conden,ate At the same timc, the high vclocity gas

has the ene1gy tu cany away a higher amount of condemale A( lower rale" tlie 1esults can he

expected to be opposite to the high rate C~SeS,
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3.7 lJish"l' j',.I~tchi"g

II is one of the common uses of reSe!\'oir simulation for field problems. History matching i,

very usefi,1 and powerful reservoir description technique

The ptimary obje~llve, of history mnlching uc to teSl and to improve the reservoir model,

History matching will contribute to an llJldelstandillg of the Cuttent st~tus of the reservoir,

including fluid disttibution rrnJ fluid movement and peillaps to verification on identification of

lhe current depletion mechanism, It will allow to infer a reservoir de~cripti()n, including oil ami

gas in-place, in parts oflhe re~ervoir whele t!ocre are no data ~nd will ,,,pply det~ils to jmlify

plall.<to est~blish objecti,es for obtaining dala"

However, the most useful and usually tlw only avadJlJle way to test the model is to ,imulate

the past pcrfOl'm~nce (If the leservoir and to compare the ~imulation with actual historical

performance The gas rate am] re,ervoir pressure depletion along with the model output for

the well-I of the upper ,und ~t)d lower sand ofKailashtila gas Held a' c displayed ~mphic.ally in

Fig. 37.1 alld3,72 t1singEXODUS,

3.7.1 PresslIre IHslo'l' Matching

The pUlpose of history matching ;s to find a ,et of reservoir parameters tim! will match the

ob,erved d~\~, Jl do,e by repeatedly runmog EXODUS, \'arying p~rameters ull!il it tlnds thc

set that results ill a minimum value of the error lilncti(ln'~.

The Held performance data may be ill euor, of course, Sometimcs this become, a InaJor

problem in ()bt~initlg ~tJ ~cceptable history lTI~tch For tbis di8cu8.,ion, however, we as,ume

that the field performance data are accur~te•

Trail and error do rno.lt histof)' matching For Ihi" the first eom.ideration to maleh the

re.lervoir si"e 01 original g~s in-place Thi, onen i, determined with a silllulator ming the
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principles ofnmte,ial balance F,om lower 0~nd ph V" Op curve, the GllP is 361 BSCF and

aller simulation run this GllP is 25564(, I3SCf, This new volume of gas can he med to verify

tile simul~tion pressure dmp calculalions Keeping lhe reservoir struclure at it wos, il call be

increased 10 the new volume by multirlyi~g the ,e~ervoi,s x and y direclional block size by the

following multiplying f~clor

MF ~,j(New reservoir volume)/(Old reservoir volume)

~,j(361 )/(255.646) = LIS

The simulation orlhe reservoir is donc Rgainwilh the "e'" block size 1 his produced a new sel

of pressure vs, timc d~t~, which has heen presented in Fig 3.7, I, rhc modified simulatioo

re~lllt i5 showing ~ignifieanl improvement ill m~tchi~g with the ac[ual reservoir dala So, it can

be Slaled thaI, the reservoir volume is larger than wh~t w~s allticipated hy IKM, which W3S

247 8 USCF So, lhe flll~1GJ II' is 309.3316 BSCI'.

l'or thc upper ,~nd, from ma[erial halance the Gill' is 2600 BSCF. And from simulation the

Gill' we get is 2614.27 BSCF So, game a,1berore the ll1ultificRtionr<lclorIS

I\1f ~,j(New reservoir volume)/(Old reservoir volume)

= ..j (2600)/(2614.27) = 0,99

Now, the" and y grid of upper sand ll1ullipli~d0.99 value and the final Gill' get is 2989316

USCI'. As a result the pressure matching i, ,lightly improve than befote, which is showll i~

fig. 37.1. Wheleas the Gill' fl'OllllKM was 1UO,OSlOIlSCI' by material balance. Bul before

pressure histot)' matching for bolh upper alld lower Sond ~re shown ill Fig. 3.7

There is a possibility that the pressure maintenance is due to a water ellcroachment inlo lbe

,eserv"ir It Can IlOlbe proved with accutacy tbat waler is not coming into the re,crvoir, but i~

that case water conlent of Ihe pl'odueed gas wOllld have j ~crea5ed.
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Since no such ~cellar;o has been observed, it confirms the increased Ie~ervoi r volume

assumption, As a result, the simulation dali\.is wellmi\.tehed with i\.ctual field d~!R,

,



Kailashtila Gas Field Simulation
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KaiiashWa Gu Field SimulaUon
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Kailashtlla Gas Field Simulation

riH,I, Ii" 1

AvgW,1I pro"","", Tim, (I ,w,r "oJ)

o
~4XlJll

"541000
""~40JJO,
~nJJO

"'JEW 01
3/[00

J60J 0

ISll] 0 19850 193/.0 19890 1,91 0 ,W'" 1935 0 1997 0 """Timi,year

I ' """m. - -, his

,•



3.7.2 Pl'lldll~tion!listor,' l\1at~hillg

Most reservoir produce SO'llehydrocarbon liquid, commonly called condensate, in the Imlge of

a few to a hum.lIeu 01'IlIore harrels per million 8tandard cuhic fcct.

Thc production history matching is done slllliially as pressure history matching Due to the

inc'ea8ed volume the matching is better than previous one, So, fro'll the production history

matching we can al~o .Iay that tile reServe of tile lower~anu (309 3316 BSCF) is more than

estimated by IKl\1 (2~7"8 nSCF).

For the uppcr sand, the 8imulated production data is well matched with the actual field data,

From simulation we get the primary GIlP is 2304,9384 BSCF. Since the data does not mateiJ

with the actual field data, ~o for matching increa~e the resen'oir volume, using mu1t,lication

factor, the GUr for upper sand is 2679,9844 BSCF, So the total GIIP of KTLl is 298? 316

USCF from simulation and f10m lKM it wa~ 2625.70 BSCF which i8 lower than ~im\ll~tion

result A comparative ~tlJdyofG1IP estimated by 1Kl\-1and this study is shown below in Table

3.7 1.

SAND lI-latcri"llJ"la,,« Mat<ri"llhl""rc Simut"lion S1u_~!."1 lii-",nl.!.'.!.!.!I",!udi«,~, rrc'Cnl'lud}" <KM r •• ,"n! sh"l)'
usn' RSCF nSCF uso'

~r","d 1110 1l91l 2GUO,OO 2377 90 267Y YR4.1
Lm,,,,,and .10U4J JGt.1l1l 247HU JIl9.J,I(,
I'otlt (j(lP 1434.9JJ 2%1.00 2625,71l 2989,3)('
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Kailashlila Gas Field Simulation
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Kailashtila Gas Fi~ld Simulation
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Chap/c'. of

SAl\lPU; COLLECTION AND ANALYSIS

4.lllllI."dllClion

As Pilrt of lhc projucl, s~\'~ral samples of gas and condel1'al~ were collecled j;-om striltegic

points for COlllpClsolionaland phase bcloaviCltLranaly,i" The compositions Oflh~ fluid samples

welc analyscd by gas ulJroJ11atograph.Tile phase behaviour studies were p~rformed bOlh by

lIot PVT "I'P"r"tus und Ihc I-lYSIM ,i111ul"lor,The sample COlleCli"nand analysis procedure

and ICS,LilSme d,s('u~sed in thc following S~cl'ons

4.2 Sample Collection

Gas and condcnsale samples were collccted fi'om the existing well of KUllushtila gas field.

Fluid samples wcrc collected froln thc field sep~rators at separalor pressurcs and

tCJllpCrallLI'e,.l'he st<lll(t~rJ procedures were followed 10 collect Ihcln. The surface sampling

<lallailre prcsenlcd in T~hles 42 I and 422.
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Tahl.4.2.1: Surface ,ampling dala ofKTLl conden,ate

Te'l Number Ral. Number A~, Date (D1MiY) Page l'iun\b<:r Total Pa.,.,

, Gola ~ani, S"lhel 21-10-1998 , ,
Customer I W.ll Name or Number Field Formation

D""anmcnl of PMRE. BUET m, K"ilashlila G", Fjeld Lowe, G", S"nd
Ele\'auon (feet) Standard Cnndmon; Time Well f1o"ing or Shut in Before S.1mpling InleT"al TeSled (fett)

PSI.: 14 i "F:W g749-9809
SAMPLE NUMlIER: 01

Tim. Taken Contalller ContalIler Sample Sample Sampling Samplmg Almospheric Atmospl\<:nc TIme \0 Take
Number Volume Typ. Tak.n at Pr.ssute Temp Pre,sure Tempe<ature Sampl.

(ee) or (eal) (osie) rc (osia) . ,~, (min)
U'

15:18hr< KTI..I_ 500 CC Cond, o-phase m " 14.7 '" W
Cnn(!t:n>alc •• ",<!lor

FIELD RE..Io.DINGS I
V,'ELL rEAD I CHOKE I SEPERA1DR BOTIOMHOLE I O~ G<S WATER,=

T:o~ I SilO ~;~;T~, P'eSS,(p&lg) l,icrnp.\F) I ~" Gra,'. Rale Gra,' Rme
(si) ,. 164"' in) '" @ , ". , (B/M'vlCF) ('AP!) IMMCFID) (Air"-l) (BIMMCf)

;W, 115 " m " , 0.81 " 0.62 0.'
Superv:tsed by, Dr. Edmond Gomes Sampled by: Dr. Edmond Gomes and Md, saifullah Talukdar
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Tabl.4.2.2: Sarface Saml,linl: data of KTLI l:"s

Te,! Number Rate Number Area Date (DfM"/Y) Page Number Tota! Pages

, "'''" an'. SVlheI 21-1O-l998 , ,
C,lStomcr Well Name or Number FIeld Fonnauou

Deoortmen! ofPMRE. BVET KOU KailasJmb (fJS Field Lower Gas S:lIld

Elevmion (feet) StMdard Conditions Time Wen Flowing Or Shut in Before Samplmg lnterva! Tested (fCCI)

I Psla 14,7 ~W 9749_9SP9

I SAMPLE !'<"1JMBER:02

I Tune Tnkcn Commne, Container Sample Sample Sampling Sampling Atmosphenc Almosphenc TIme 10Take

Number Volume Type Takena, Pres7~e T~, ,= Temp""'rure Sample
(cc) o;-i;'~I) ( 51 ( sial ('F) (min_)

2nd st.1ge2-

I15'35 hr5 KTL1-Gas 500 cc '" ''''' "" ,. 14.7 " W
se~--;;;or

FIELD RICADINGS

\VELL HEAD CHOKE SEPERATOR I BOITOMHOlE O~ I OA' WATER

Press. Temp. Size Press. Temp. !(, PTC5S,(psig) Temp.("F) Rme Om, Rate Om, fulle
(p.sig) m (M" ill) (psig) ("F) Ir@ 1l @ , (BIM]'1CF) CAP!) (MMCFiD) (AiJ=1) (BIMMeF)

I

HOO liS '" "00 ,. " I 0,81 " I 0.62 "',
Supervised by: Dr. Edmond Gomes Sampled by: Dr. Edmond Gomes and Md S1!ifuJlahTalukdar I

,
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4.3 Anal)'sis

Composilional an~lyses of the gas and condcnsate s~1llples were conducled 10 detetlnine llie

hydrocarbon and nQn-liydrocarbon components present in them. The behaviour of a fluid

entirdy d~pend5 on its composilions 'lhc phase bchaviour study is inlended to dclerminc the

liquid tecovery of the eombined fluid stream at controlled temperature and pressure.

4.3.1 C()"'I'""itiollnl Analysi.

Using gas chtornnlograph llie compositions of heavier hycltocarbonliquids are ,hown in Table

4,3.1 and 4 3.2

T"bt~ 4.3.1: ('ompo,llioll"l o,,"l)',i, of KTI Go.'b~'Cos Ch"o",otoel'aph

('o"'p"nen! ell I'Omatn~r ap h ic "' Corl'cc1e,t W,'i~ht Y"h""" Yol"",,, %
area orca 'V.

C, 171491 ~55 {)95 ]52918,212 84,84 0,(151 9),49

C, 16082.8520 J.29 20746,879 4.98 1.(,6'/0
, 2928

C 10149 0959 9n~ (,91 2.18 5.4t"1O
, 0,954,

i-C4 3346 0.97 3215 62 11.78 1.],1'10
, 112,6

n-C < 3502 1.0 3502 O,R41 1.45'111
, 0,2557

i-C 5 20(,2 1.118 222(,96 0535 7.41*10
, 0, IJ I

n-C 1224 I 20 14088 035.1 49*10-' O,OR(,4
"

i.C. 1290 2,21 )86),g O,6RR 8'10 -\ (U.ll

II-Co m '" 1172,1(, onl 3,267* iO-' 0,057(,

C,(cyclu) 2,86 2,22 5)9(,,92 J.l73 1..18'10-> 0.2('i

i-C 1 """ 1 00 RHO 0211 211'10-' 0,.1722

Il-(' , 161 1.00 1.61 {)0(,2 (,.2'10-' IHIlO9

C, (C}'clo) IJHO '"" 1330 O.nl 131'10-' 0.0583

i.C. 172.1 1,036 In5.02~ 0,4).9 37(,'111 • IHIM]

!I-C, 20(, I lUG 111.41(, 00.\ L1 4.5*10 -(, 0.111179)8

C,(c.,elnl '" I 1)]6 9111.15(, 0,21(,9 1,9111'10 • 0.0))5

N, .15{)U7 o RS(, .1R.\~.82 0.927 3..11*10-' 05838

Co, 1185.86 '" H20 ,119 U.79~ I RI3'lO-' 0,.119S
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T"hl" ~.3.2: Compo,iIi,,,,,,1 analy,i, or KTi Ca.,-Cm"kn.ate ~y Ga. Chrum,,(ogral'b

.
Comp""CIl! Chn,m.,tog,."pl,ic It!" Corrtctcil Weighl Vol"me Volum" %

arca area %
C,+ C, 9152 0.82 750-1.64 02795 0.00000076 ,'"
C. 25522 20jJ 523%,66 1.95149 1l,IlOOH35 ~,109

i-C 20221 1376 .179,3.:148 i ~129 00002436 2.:1(,(,.,
<l-C, ]2(,6') '" 71178,56 2.725 Il OOll4693 4,5643

i-e s .10756 0619 26059,38 o 970n 1l000Ll48 1.109,
n-C, 4]3('4~ 08/2 37814192 14 1183 Il 001955 )899

i-Co 7140.1 0,905 6-16i9715 24(){;7 00002798 2718

n-C, .1.1161 0.905 30010,705 Lll77 0011(11299 i.21i2

C,(C)-cio) fill147 0.905 54523 5.1 2.0107 00002361 2294

DOHIO" 79124 2.7~9 21M1J6,57 8.11i8 (1,1l1l11l425 10129
i-C I 16830, 1 020 17lmll 6.3938 0000639] 6211

<l-t, 3H24 1.020 35010,43 UOH5 0,00013039 1,2669

C,(cycio) 200292 1 020 20H97.84 7,6tJg~ 000076118 7392

rol,,",," 5n) (, 1.134 56881,14 02118 0,noo02]1l2 0,2216
i_C, 348719 ,," 411488.42 15,)25 Il.OO1311 13.059

I1-C, 41506 "" 48977.08 UH 000016 ,"
C, (c)'do) 7551 US 8912,54 0.33194 0.000112911 0,2828

"'-X JI2J6 079 2-167644 0.91906 O.llO008671l 0.8424
o-x 2598, 0.736 19123,488 07122 {)0000G7 1a 1l.6527
n-C, 205213 0,912 187154,256 6970-18 () 00054456 5291

C,(cycio) 9GJ6J 0912 8n8J,056 J 273 on0025S7 2,484

i-C Ie 45300 O,9~6 -12853,8 1 59607 IJ.{]{){)1123 l.09il

H-C" 12766 o ~-1(' 12076 (,36 0,44978 o on003167 03077
-O\'C!llC" 35~IO 0.75 2(,5575 0,9~91 o 0OOO7~3(, n 7225
i-C " Inn4 1.015 135790.76 5.0574 0,00032419 3,15

n-C" 89~5 1.015 9119775 1l.33966 000()O217 02108

C,,(qclo) 39115 1.0 15 39701725 lA786 O.oo009H8 0,9209

i-C " 2111J:j 1.116 23774 148 o 8854 0.OOOO521l8 0,50W

H-C" 29657 1.116 33097,212 1 2326 0,OOOO7l5 11.7044

,,-C "
, 192 ]()~ 1.ll6 214388.064 7,984 0.00()4696 4 5629
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4.3,2 I)h"s~ B~haviour Study Using I'VT t\pp"r"tus

The JEfRI PVT apparatus is a very expensive piece of equipment available in the J'MRE

department, DUET. This is thc only one of tllis kind in Bangladesh This is the versatile

equipment usc,d for the purpose of mea,uring fluid properties and ~tudyiJ\g l1uid phase

behaviour at controlled temperature and pre,sure MeaSUIemelllS of intere~1 encompass

various vapour and liquid physical plOpelties sllch as density, vapour/liquid ratio" critical

parameters, and saturation pre,sllle, and phase compositions,

4.3.3 Phnse Behaviour Stndy Usillg JIYSIM Simulator

The HYSIM developed by Hyprotcch Ltd. is a powerful desktop process simulator de~iglled

for the gas processing, oil refining. petrochemical, chemicals, and synthetic H,els industries It

h~s built il] modules that cover the enti,e cheruical processing industry, including separators,

heat exchangers, compressors, pumps, valves, mixers, multiple leactor models, rigorous

columns plus a ,ange of helpful utilitie,. There are no pre-programmed limits on the number of

components, streams. unit opelations or Iray~, HYSIM offers a wide sc1ection of property

methOlls, Including equation of state, semi e]llpilical con elation, alld aClivity Model"

for instRllation and propel use, HYSIM requires operating system nos 30 or giCater, a

minimum convention~I memory of 200 Kn, a minimum eXlended memory of 3 5 ME for the

3~6 version, a minimum of9 rvlB ofdi~k 'pace 10 store the executable and data Jiles HYSIM

also Jequil'es a math co-processor".

Tile llYS1M process simulator wa, u~ed in this study to predict the condensate recovery \)f

the Kaila,htila reservoir fluids The compositions of the gas and condensate obtained from gas

chromatograph were fed in Ihe HYSIM at the historical condensate gas ratio and Ihe reCO\'~l)'

of condensate is estimated at differcnt prc,slll es of the depletion process,

Combining the gRSand condensate, using allOthcr soflware RECOMBJNA1JON we get new

compo,itioiJ. Using thi, new compo,ition the phase diagram drawn shown in Fig 4 3.3. from
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this phase diagram we have SeCn that the ,c.lervoir is nOIl-relrogalC reservoir, RtCallsc the

ft,t[voir Temperaturc alld pressurc are 152Q.0' and 3332 psia Corupper sand and 172"F and

4366 PSlillor lower sand. Doll, reservoir conditlOIlSare out of range or this pbase diilgram So

from tbis conditions wc can abo say that the rtservoil is ,,,m-retrogatc
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Chapter S

UESlJLTS

S.llntroduction

In a reservoir engineel ing study reservoir simulation and fluid sample an~lysis ~re vcry

importa"l lo k,,,,w different rcservoir information and predict filtmc production performance.

This sludy ll'es sUllulmioll softwalc EXOD(JS and tlilid analysis by chromatograph and

IIYSIM siIllulaw[ to filld (Jut reservoir chalacwrislie, alld pressure and produclion scenarios

of Kailashtila gas field, The scope or the reservoir engineering ,tudy induded a detailed

integrated approach using all avail~hle core PVT, production and pressure tesl data to develop

(l desc,iplioll of the reservoir rock ~nd Illlid properties and predict lhe Illture performance

assuming ~lternative development and operating scenarios.

S.2 Heservoir Simu13tion Rrsults

!'or reservoir simulation, all dal~ except relative perme~bility values (saluration table) are

taken from lKM reporls ~nd Kailashtila field personnel CapilialY pre"ure dara are laken ITom

a report inlhe fiPllibrary, Gas-walcr lclalive permeability data are t~ken from IK,'"l's Beani_

tlil7.Rr ICPOll Th" ()utput simulalion re,uits are shown in Table n() 52,1. from simulation

resul!s gilS ~lId WAtersatulatlOn AI the ped'uralcd grid block and bcsides glid block are also

shown in fig no 5,Z.1 ~Ild 5.22 for both sands From these figures it have been seen that gas

sal"r~tion is dec,ea,mg AndW~lcr sat"r"tloll is increasing with time Juring production period

and when production is extended up to time 2020, lhese curves shown lhe same nature
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•
'LLblc5.2.1: KTLl ;lJllul..tioll olLll'UIrc'uh~

KAILASHTILA SIMULATION RESULTS

~Calen~ar AvO. C", Water C•• 0" 0•• Water n••
'Date Pressure in Place Rote Rate Water p(O~ Gas Pro~ Recovery Recovery

Psi. '" BBLSIO MCDIO BBLS MCFIO ., %
1983 JUI. 1) 3412189 299E+09 0 0 0 0 0 0

(1983 AUG 1) 3411608 299E+09 4,53E-07 12577 41 1,12E.05 ~~fl99,8 2,52E-12 1,30E.02
(1984 AUG 1 3404.415 298E+09 4,64E-06 1626451 8,90E-04 5213822 2,01 E-10 0.1744152
(1985 AUG 1) 3396957 298E+09 7,81E-08 14106.46 3,02E-03 1.02E+07 8,81E-10 0.3399515
(i986 AUG 1) 3390.775 2,98E+09 4.37E-06 5819,341 5.73E-03 1.42E+07 1 29E_09 0.4759358
1987 AUG 1 3.38E+03 2,97E+09 1.95E-05 17977.4 1.18E-02 2,06E+07 266E-09 0.6888976
(1988 AUG 1l. 3371.876 296E+09 2.19E-05 15967.74 1.89E-02 2.64E+07 4,25E-09 0.8843772
(1989 AUG 1) 3360411 296E+09 3.11E-05 21295.89 3.05E-02 337E+07 687E-09 1,126n~
(Hi90 AUG!) 3348.728 2,95E'Og 4.38E-05 22827.58 4 42E-02 4.15E+07 9,96E.09 1,388877
1991 AUG!J 3.34E+03 2,94E+09 5.34E-05 22007.65 6.29E-02 ~~+07 1.42E-08 1 664378
(1992 AUG 1) 3326.596 293E+09 3.72E-05 17141.72 828E-02 5,69E+07 1 87E-08 1.90471
1993AUG1) 3314491 2.92E+09 7.75E_05 25177.99 0.1060031 6,51 E+07 239E.08 2.178682
1994 AUG 1). 3299,563 2.91E+09 7 30E-05 22560.64 0.1348652 7 50E+07 304E-08 2.50973
(1995 AUG 11-3 29E+03 2.91E+09 565E_06 5798323 01523468 8 21E+07 343E-08 2.746572
r1996 AUG 1) 328771 2.91E+09 752E-07 1289,817 01529102 8,27E+07 3.4-4E-08 2.767766
1997 AUG 1) 3285637 2,91E+09 1 14E.05 17529,78 01537387 8.41E+07 3.48E.08 2.812417
(1998 AUG 1) 3281 487 2 90E+09 432E-06 6567.717 01554664 8.67E+07 350E-08 2.901649
(1999 AUG 1 3.28E+03 290E+09 451E-06 6567.709 01570805 8.91E+07 3,54E-08 2,981842
.12000 AUG 1) 3273.998 2,90E+09 471E-06 6567.714 01587709 9.15E+07 358E-08 3.062254
(2001 AUG 1) 3270.246 290E+09 4 90E-06 6567.708 01605277 9.39E+07 362E-08 3.142447
(2002 AUG..-u 3266.-487 289E+09 5,09E.06 6567,7 01823547 9.63E+07 3,66E-08 322264
(2003 AUG 1) 326E+03 2,89E+09 5.26E-06 6567.712 01642514 9.67E+07 370E-08 3.302833-(2004 AUG 1l. 3258 944 289E+09 5.47E-06 6567.713 0.166223 1.01E+08 374E-08 3.383246
(2005 AUG 1). 3255,166 2.89E"09 5.66E-06 6567.711 0,1682581 1 04E+08 379E-08 3.463439
(2006 AUG 1) "3251362 2.88E+09 5.85E-06 6567.69 01703612 1.06E+08 3,84E-08 3.543632
(2007 AUG 1) 325E+03 2,88E+09 6.03E_06 6567.715 0,1725316 1.08E+08 3.89E-08 3,623825
(2008 AUG 1 3243,783 2.88E+09 6.21E-06 8567,707 0,1747751 1,11E+08 3.94E-08 3704237
(2009 AUG 1) 3239977 2.88E'09 B.39E-06 65677 01770787 1 13E+08 3.99E-08 3,784431
(2010 AUG 1) 3236167 2.87E+09 6.57E-06 6567713 0,1794478 1.16E+06 4.04E-06 3864824
(2011 AUG 1 3.23E+03 287E+09 6.75E-06 6567,699 01818617 1.18E+08 4.10E-08 3,944817
(2012 AUG 1) 3228.513 2,87E+09 893E_06 6587707 01843889 1.20E+08 4.15E.08 4,025229
(2013 AUG 1) 3224 68 2.87E+09 710E_06 6567.7 0,1869494 1 23E+08 4.21E-08 4,105422
2014 AUG 1 3220,841 2.86E+09 7.27E-06 6567714 0.1895751 1,25E+08 4.27E-08 4,185616
(2015 JUN30) 322E+03 2.86E+09 743E-06 6567718 0.1920256 1 27E+08 4.33E-08 4.258778
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5.3 Fluid Aualysis HesuUs

Fluid analy,is i,done through Gas Chrom~tograph and IIYSIM simulalor Gas chromatograph

analysis resulls are shown on Tilblc 4.3,) and 4..1.2, Both g"S and condensate an'llysis is done,

From the aualy,is. it ha~ been seen thal the reservoir is cmllpo~ed or mainly gas and ~Ollle

condensate of negligible percentage, From HYSIM simulator il has ,,11<,heen seen thai the

re,ervoir is ga,~ le,ervoir. U,ing lhe fluid analysi, lesu1t, ill RECOMBINATION, which "

anolher sof\wale used 10 combine gas and condensale mole percenlage and given ~

recombined composition This RF.COMllJNATION is shown on Table 5 J Un Ihis lable the

critic~l pressure is 661 81 psia and crilicaltempera!ure i, 355 2 R
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Tallie S.3.1: RI~~OMlll~ATHIN ••• "Ic.
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Chapler 6

CONCLUSIONS AND RECOMIVIENOATIONS

6.1 C""dll.,inm

• Using the same grid blocks thm were used by [KM the simulation resulls does not match

the actual fldd data.

• Accommodating the addilional volLlme, denoted by material balallce study, In simulation

grid blocks. the proved gas-in-place for the upper and lower sands wem found to be

2679,9844 Bscf and 3W,33i6 Bod respectively, So, The tOlal gao-Ill-place ill KTLl i~

2989.316 llscf. ""hid] arc apprm;imatciy 122% more tlian lKM.

• The mOot likely mechaniom of recovery would be vOlulllellic deplelion a, no evidence of

aquifer support exists at the prcsell! time.

• From ,imulatioll sludy and phase diagram, il lS found thaI there tS no support for

condensatc acCumulalion

• Since no condcnsatc is accumulated ncar the wellbore, drilling of horizontal well is no! a

viable option.
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6.2 Recolluneudatiolls

• Additional well emUCtlt sampling and analysis ale rcconl1nended [or the wne as early in

the production period as possible 10 create a ,latislicaliy valid data hase to determine

reservoir fluid compositioll .

•
• Tile implemenlation o[ a pressure survey program is lecolllmended pnol' 10 pl'OJudion

from additional wells in the field.

•
• The implementation of Rccurate wellstream me~snl'ement p'acliees at the Kailashlila

facility should be given the highest priOlily

•
• In the rut",e, the combinalion ofmatel'i",1 balance and reservoir simulation ,judy will help

to exploit the re.lenroil' in the mOlt economic way.
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Symbol

1'18[,

Mt\lSCr

MMSCFD=

EOS

I'Is

n"

f

G

M

N

N"

p ,,,'

l'

p,

'[,~

NOJ"IENCLATlJRE

Desnil'liQIl

llanel

Million Stand,ln! Cubic Feet

Millio'l Sl<mdard Cubic Fect per Day

Stock la"k ham,l

E']Ll"tinn-Df stme

Gas fonLlatio" VOIIlOl~til~t<Jr,Ib flce gasJscf gag

Gas fOl'Ilialionvolume tilctor at initial rcservoir pressure

Oil fOlIlialion VOhlme[~ctor, rb( Dill'dissDlvcd gas)/,!h oil

OLij()f[nalion volume factor at illilial reservoir pressure

Water i"oth~rm~1compressibility, pst-'

Formation iSDthermalcomp,c,slhility, p~i-I

Moody f1ic!ion factor

IJLilial1e~ervoir gas volume

Ga~ P'OdUClioli

Rauo, initial hydrocarbon volume of tile ga~capl initial hydrocarbon

volume of the oil

Inilial re~ervoif oil, Slu

Cumlllll1ivc produced oil, Stu

P,cSSllle at ;tandard condition

Rescrvoir preSlure

Illili<lllteservoir pressure

Ga, /low lat" at standard condition

CUmulative prwdwced gas"oillatio
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", Solulion gas oil fatin, scf uas/stb oil

1<" 0 Solulion gas oil ratio at Initial Reservoir pressure

S "" Connate ur irreducible water saturation

T " TetnreratUle

T"' Average 1 ~mper~turc

T, 0 Tempeta(\IIc at standard conditioll

V, • Total pOle \'olume

Z Gas compressibility factor

Z 0 Gas comple,sibilily faclot allll;l;al Re,ervoil' pres<;ure

K, 0 Relative permeability

'p • Pressure drop

'p, .. Capillary pre.%ure dlOp

r Specific gravity

M r .ength Qflilllc stcp

p Density

C, 0 Production rilte

; 0 POIOSil)'

I' 0 Visco.,ily

X"' Mole f,action of the component
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