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ABSTRACT

In a reservoir engineering study, pressure tranSient analysis and reservoir simulation are very

important 10 know ditYercnl reservoir information and predict flilure production performance.

This study usc, pressure transient analysis sollware SAPl HR and simulation software

EXQ[)US to lind out re:;crvoir characteristic, and production scenarios ofHaripur oil field. A

reservoir model has been built bOlh illr pressure transient analysis and reservoir simulation

Two dilferent cases have been simulated to stlldy the possibility ora gas cap. The reservoir

model lakes into account the high visco,ity effect> weltbore storage, skin, heavier

hydrocarbon, wax accumulation inside the tubing and ditTel'ent possible inner and outer

boundary conditlOns.

The model has been validaled by comparing the resulls of the pressure transient analysis with

those or IKM analysis published in the literature Also the >lmulation results have been

veriiied by comparing total simulated Pl'OdUCIiOnfrom the Haripur I (Sylhet 7) with the

actual production unlil it~ production stopped on the 14Lh o1'.July, 1994.

Thc pressure tran,ient analysi, ha5 yielded the wellbore storage coellicient, pcrmeability,

reservoir capacity and skin factor which are very e1o~eto those obtmned from the IKM study.

[n the 51mulation study, the well has produced al much lower nOv,Tatcs Ihan the aClual

flowrales, but the lotal produclion figures are very e10se From the simulatlon study, it ha5

been e~tabli~hed that inilially the reservoir has no ga~ cap The causes of the producllon

~loppage have al~o been analyzed usmg the available information m the literature
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Chapter I

Il\TRODliCTION

Sound reservoir engineering judgement and tcchniql1es in identifying the reservoir

characteris(ic~ and controlling the production playa significant role to meet the present

demand and maxlmizc the gas or oil recovery from the reservoir. The scope of a reservoir

engineering study includes a detailed integrated approach The study uses all core data,

PVT studies, production and pressure data to develop a description of the reservoir rock

and fluid properties, well test analysi.\, history matching, future reservoir performance

and production forecasting assuffilllg alternative development and operating scenarios

Only one oil tleld was discovered in the upper Bhuban formation in Sylhet. The field was

developed by drilling only one well, known as Sylhet 7 or Haripur 1. The well was on

trial production from ln7 and total withdrawal from the pool was 636956 standard tank

barrel oil (003 MMSTB) and 891,57 million standard cubic feet (892 MMSCF) of

associated gas liut this OJIfield is not producing any longer The production from this

!Ield has stopped since the 14tl, of July, 1994 Previous studies have shown that the

production c~as~d due to th~ wax formalion in the wellbor~,

The focus of this study is w~l1 test analysis ofHaripur oil field using a pressure transient

analysis software and reservoir performance and production forecasting usmg a

commercial simulalUr. Information hke reservoir pressure. penneability, porosity,

reservOIr heterogeneity. wcllbore volume, wellbore damage or improvement and other



relevMt informatiun may be obtained From the pressure transient analysis All these

lIlformation can be used 111reservoir slmulalion to assist in analyzing, improving and

forecasting reservoir performance and reservoir dflve mechanism

The pressure data from the preSSLlre;urvcy conducted by lKM (1993) is used for creating

log.log, semi-log pre~5ure and pressure derivatives plots Well data and reservoir

properties have bee~ taken from the studies of Khan et al (1991), Arafin et al. (1991) and

Whitmee (1987). The simulation of the reservoir ha~been condLlctedusing the EXODUS

in a three-dimensional reservoir model. Also. all the existing documents have been

analyzed to asceltain the causes of the production stoppage

,



Chapter 2

LITERA HIRE REVIEW

2.1 Field Data and I'ropertics

Availability of field data and reservoir properties ha~ been a great problem for Hanpur

field. Available field data and re:.ervoir propenies arc described below.

2.1.l History of drilling

The old Sylhet ga, fields, discovcred in the lif't1es by Burma Oil Company (SOC) and

Pakistan Petroleum Ltd (Whitmee, 1987) were made on a culmination in the north-east

part of the major Sylhet-Kadashtila uplill According to ~urtace geological mapping by

SOC ga~ was di,covered in Boka Bil sands beneath the Upper Marine Shale. SIXwells

were drilled in the field bv Paki~lan Pctroleum Limited (PDt). Onlv two (well 3 and well. .

6) were completcd a, ga, producel, Herc lield history of all wells have summanzed

given helmv:

Sylhet I was drilled in 1955 to a depth of2377 meters Due to mechanical difficulties the

ca.,ing of the well hlew out of control, ignited and de:'lroyed the rig. which later sank into

the crater and is now below water

Svlhel 2 \\ias drilled to 28]8 m in 1956, located southwest of Sylhct I It ran into an

abnormally pressured ,and below 1750 ft and was hurriedly abandoned to avoid any

possible blowout.

,
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Sylhet 3 was drilled 300 m north-ea~t of Sylhet I in 1957 The hole was drilled to 1675 Tn

but because of mechanical dinkultie~ it was not drilled any further and completed in the

intervals above 1338 m

Sylhet 4 wa; drilled 400 m north-east of Sylhet 1 in 1962. The well blew out at 315 m

and was abandoned

Sylhet 5 wa~ drilled as an observation well, 350 m north-we~t ofSylhct It was drilled

to 57'i m and le;led at 2.S MMSCF of gas 111the middle Tipam Sandstone.

Sylhet 6 was dlilled in 1964 about 600 m north-we,t of Sylhet I. Drilling eontiuued to

1405 m and was completed in ga~ bearing ~and.

The area "'a; then further explored in the eighties by Petrobangla with the technical

a~;istance frum the German Geological Group. Oil was discovered in an upper Bhuban

reservOIr in Hnripur from well Sylhet 7 (llaripur 1) in December 1986. The area wns later

licensed to SCimitar Oil Co. This opemlor did not carry out any additional seismic but

drilled the well Surma I about 600 m of south-west of Haripl.lr J As thi, well did not

confirm extension of the pool, [he opemtor plugged back Surma I and drilled from that

depth an angled hole (Surma IA). At the level 01'200 m subsea, Surma IA is located 600

m north.we~t of Haripur I. As reported by the operator both Surmn I (the vertical one)

and Surma IA (the deviated one) were dry (Whitmee, 1(87).

2.1.2 StruetIJ rc

Sylhet is locnted in the central aXI~ of large Surma Bnsin geosyncline The Sylhet

anticline is an arcuate, slightly asymmetrical fuld, aligned ~outh-we~t to north-east. The



asymmelry results in a progre~~ive shill of the ery,lul axis of the anticline towards the

south-east wilh increasing depth

Final well report done by Oil and Milling Services (Whitmec, 1987) depicls that Haripur

1 is located on the south-ea.\t shoulder at Tlpam level with the crystal axis running

through Sylhel 4, At thc upper Boka Bil. thc crest lies between Sylhet I and llaripur 1,

There is a surface expres,ion of fault near Sylhet 4 and 6 but no indication of faulting IS

recorded in Sylhcl 7. Somc signiticant vanatlon in elevations at Tipam level suggests a

fault of small through may exisl nearby II is also depicted by contour map on top of oil

sand designed by Oil & Mming Services (Whitmee, 1987) in Figure 2 L one of the

con,uhants of Bangladesh Oil, Gas and Mining Corporalion (BOGMC) in 1987 But, in

this sludy. a modified map of 1987 is laxen from BPI Rcport no 10 of Khan et al (1991),

which shows the latest contour map ofBhuban oil sand in Figure 2 2

Large scale barrier har sand, a detrital bar at or immediately below the water level at a

bay mouth (baymoulh bar) or parallel to a shorc. exists at lidal ndgc deposition of the

Boka nil sands, A noticeable variation in lhickness with the overlymg and intervening

shale beds has been found in this crystal, a plane face figure representing any e1emenl or

compound of consislent composition Also. the sedimentary facies as seen in Haripur

(Sylhet 7) suggest that lhe gas sands (C to E) are part of a deltaic complex

'••.



Figure 2, 1: Oil and Mining Services structure contour map ofBhuban oil sand (Boka Bil)
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Figure 2 2: Modified BPI map ofBhuban oil sand of BPI report 10 in 1987 (BokaBiJ)
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2,1.3 Soul'(e rock

A sedimentary rock in which petroleum forms is source rock The source rock of entire

sequence from the Girujan clays down (0 the Lower Boka Bil contains finely

disseminated carbonaceous material. Both the Upper Boka Bil shale as well as the Lower

Boka Bil claystones exhibited finely disseminated wavey carbonaceous laminae, The

waxy 28.9 API oil recovered from sands '0' and 'E' is typically associated with a

marginal marine source environment,

2.1.4 Sedimentary sequence with hydrocarbon indications

Tables 2,1, 2.2 and 2.3 below show hydrocarbon zones, well summary and drilling and

formation data ofSylhet oil field area,

Table 2.1: Hydrocarbon wnes ofHaripur I.

, Zone
Tipam Upper
Tipam Middle
Tipam Lower
Boka Bil (Upper)
Boka Bil b (Middle)
Boka Bil c (Lower)
Boka Bil d (Lower)
Boka Bil e (Lower)
Source Khan et al. (1991)

29
38
15

65,7 (2 meters above weill and 15m above well 6)
11 ,5
71 (37 m above weill)

I



Table 2.2: Well data ofHaripur 1.

Name of Well Sy[het 7 (Haripur I)

i ~~cati:) Latitude N 24 Deg 58' 36.5
Surface Lon<>itude E92De~02 240
Elevation (Rotary Kelly Bushing) RKB IS,27M

Ground level 1228 M
Total Depth 2065 Meter RKB

475.7 M into the Lower Boka Bil
Spud Date (Ceremonial) 12 September 1986
Days to reach total depth 86 days (7 December 1986)
In Sand Lower Boka Bil
Deviation Max, 2 degrees
BHTMax 145 degree F
Date of completion 11 January 1987
Days required to test and complete 24.5 days
Status of the Well Oil Producer
Source: Khan et aI, (1991)

Table 2,3, Fonnation tops ofHaripur 1.

Formation RTKB (m) BMSL (m) Thickness (m)
OUPl TlLA Surface 12 (above MSL) 102
TIPAM SERIES 1320 114 981

Gurujan Clays 1320 114 63
Upper Tipam 195,0 177 132
Middle Tipam 327.0 309 160.5
Lower Tipam 487.5 469.5 625.2

BOKA BlL SERIES 11130 10947 952+
UPPER BOKA BlL 1113,0 1094,7 185.5

Upper Marine Shale 11130 1094,7 83.8
Top 'A' Sand 1196,8 11785 68.7
Lower Shale 1265.5 1247,2 31.0

MIDDLE BOKi\ BlL 1296.5 l278.2 292 8
Base 'B' Sand (Gas) 1311.0 1292.7 145

LOWER BOKA BlL 1589.3 1571.0 475.7+
Upper Sequence 1589.3 1571.0 154.7
Middle Sequence ]744,0 1725.7 130
Lower Sequence 1874,0 1855,7 191

'C'Sand 1774-1957 1855,7-1938.7 83
'0' Sand 1964-1979 19457-1960,7 15
'E'Sand 2009,5-2033 1991,2-2014,7 23.5

TOTAL DEPTH 2065.0 2046.7
Source: Khan e( al (1991)

, 1



According to the report of Khan et al. (1991) Tipam sandstone series contain 39.3 m of

gas and Lower Tipam Sand contains 15 m of gas at the very lap of the unit. In Boka Bil

series Upper Boka Bil Sand and' A' contains 65,7 m of gas which is the main sand still

being produced by well 3 and well 6. In the upper sequence a significant amount of

heavier components (C7') exists over the interval 1630-1645 m, Boka Bil lower sequence

contains C, D and E sands which are hydrocarbon bearing 'C' sand contains 71 m of gas

bearing sand as determined by sand free test (SFT) which also showed large amount of

CO2 and small amount of H20 with brown-black waxy oiL Sand D and E at 19825 m

exhibited slight light brown visible oil staining. SFT samples taken from this sand

recovered 28 9 0API waxy oil as well as gas and formation water with connate water

saturation at 2032 m,

2.2 Fluid Composition

Oil and Mining Services (Whitmee, 1987) sampled two sets of pressured gas and oil

samples in 1987, Their results yielded a reservoir fluid that would exist in the saturated

reSClVOlr,Their study showed an initial solution gas-oil ratio, R. of 465 SCF/STB at 60~

F, Formation volume factor, Bo.is 1.224 ft'lSCF and oil viscosity ranges from 0.832 to

1 568 cp at saturation pressure to atmospheric pressure.

No liquid recovery reported in the production test report of September 1987 Consisting

of roughly 9064% methane, the reservoir gas is classified as a dry gas with 289 0API

gravity crude oil (Whitmee, 1987). Oil has high pour point, the temperature at which

crude oil will congeal or cease to flow, (75 OF)and low viscosity due to high percentage

•••



0.00
0.16
O.ll
90,67
358
1.66
0,39
050
0,23
014
0,24
232
100,00

of wax about 96% (Whitmee, j 987). II also contents littlc sediments. Table 2.4 shows

gas analysis results.

Table 2 4' Reservoir gas analysis results

'-CG",~,~"~,;"CIy",CisC(",Oo~,,;;;'""b")-'---'P",OcO,;,"~c;,Cg;,----
H,'
CO,
Nitro en
Methane
Ethane
Pro anc
Iso-butane
n butane
lso- entanc
n- entane
Hexanes
Hce tanes Ius C7+

Total
Source:Khan"t al. (1991)

2.3 Reserve Estimation

Volumetric and material balance calculations were done by Oil and Mining Services,

Petrobangla and liP!. Initial oil-in-place was eslimated using pressure and production

data till September 1987. Petrobangla geologists had estimated the stock tank oil

originally in place (STOOlP) on volumetric basis to be of the ordcr of 10 million stock

tank barrel of oil (MMSTB) (Khan et aI., 1991) Again, this has been carried out by Oil

and Mining ServIces (Whitmee, 1987) to recheck Petrobangla figures for the actual

estimation of oil reserve Material balance calculations by Oil and Mining Services show

that Haripur is draining a pool with a slightly smaller figure of 8.2 million barrels of

STOOIP, Khan et al. (1991) suspect that the reserves could be three or four times larger

"
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thall assumed in the Oil and Millillg Services report Later, Arafin et a!. (t991) of BPI

suggested that the reservoir has more oil thall that of estimated before, however, it would

be between 15 93 MMSTB and 21,0 MMSTB. Table 2 5 shows differellt initial oil-in-

place estimates

Table 2,5 Estimated reserves ofHaripur oil field.

Mcthod Oil ill-place reserve (MMSTB)
Oil and Mining Services Others

Volumetric 10,0 10 0 (Petrobangla)
Material balance 82 to,1612and ]5,3-21.0 (BPI)
Reservoir limit 8.6

Using American Petroleum Institute (API) empirical correlation, the recovery of 19-25%

of the oil-in-place may be anticipated depending on the reservoir drive mechanism.



Chapter 3

PROBLEM STATEMENT

Haripur oil Held is the only discovered oil field of Petrobangla and this field is not

producing any more Production was stopped in June, 1994.

The objective of this study is to analyze the well test data and use that information in

simulating the reservoir, 11is important to tind out actual oil reserve with the aid of

simulatlOn as improved verSlOnof the :.tructural contour map of HPJ (modified from

BOGMC map of 1987) is available

The primary objectives of this work are'

I, To conduct the well test analysis and find out necessary reservoir parameters and

compare the results with tho~eof the tKM (1993) study

2 To ~imulate.the reservoir and find out the total reserve and determine thc reservoir

drive mcchani~m

3. To find out the causes of the production stoppage analyzing the existing documents



Chapter 4

METHODOLOGY OF ANALYSIS

The study is an extension of the work done by IKM in February 1993 which included

pressure transient analysis ofHaripur 011 and gas fields and the reserve estimation study

done jointly by Oil and Mining Services (Whitmee, 1987) and Bangladesh Petroleum

Institute (BPI) (Khan et at, 1991),

4.1 Pressure Data Analysis

The data was recorded using Amerada pressure gauges due to the non availability of

e1ectromc gauge in Bangladesh at that time. Later, the pressure history was recorded

using electronic gauge by lntercomp-Kanata Management Ltd, (IKJ1.1) in 1993 In this

study, only pressure data of IKM (1993) have been used for well test analysis and

compared the results with those oflKM

In lKi\1well test analysis, some basic data like well flow rate and reservoir rock and fluid

properties (especially for net pay, porosity, net/gross ratIO,etc.) are not available in the

report. Therefore for the pressure transient analysis, except pressure gauge recorded data,

all other necessary information is (aken from Oil and Mining Services and BPI reports

Those data arc shown in Table 4 I



Lew
3.1,000

0500
o 145
0.500
2054.5

Table 4.1: Difrereot parameters ofHaripur oil lield

Parameters
Thickness (Ill)
Net/Gross
Porosity
( I-S",)
Interval (01)
Water Saturation (Fraction)
Sourcc'AmfinctaL (1991)andWhltmee(1987)

.498

Using the above rock and fluid data, pressure survey data of Hanpur I have been

analyzed,

4.2 Reservoir Simulation

Reservoir simulation is a uscful tool for understanding the reservoir performance and

productIOnforecasting, Earlicr reserve cstimation and production forecasting were done

by Oil and Mining Services (Whitmee, 1987) and BPI (Khan et ai, 1991) by hand

calculation Bul no simulation using computer software on Haripur was done either by

BPI or by IKM.,Arafin et aL (1991) suggested that BPI should perform a Monte Carlo

simulatIon when better seismic data are available. In this study, the sImulation has been

conducted usmg a three dimensIOnal compositional model which has features like

treatment ofvariablc bubble points and mixing of different PVT regions

Required data for simulation has been shown in Table 4.2 Data have been compiled from

BPt report no 10 of Khan et aI 1991, BPI report no, 11 of Arafin et aL 1991, study of

Whitmee (1987) and Price (1987),



Table 4.2: Fluid PVT properties ofHaripur I.

,---------'p"vnTrp~;;o~p"';;;;i;,,;---------,
Reservoir Pressure 2904 si
Reservoir Tern erature 162
Se aralio~ Tern erature 144 F
Se aration Pressure 75 si
Z at 2904 si 0.8530
Gas ravit 0.6826
T, 377.4279 R
1', 6602033 si
B at 2904 Sl 00051 euf/sef
R" at 2904 Sl 1 2524 rbbllstbbl
Pb 296R SI

Bo at Bubble pomt res,ure 1.2567
Ta~k oil ra~ solution GOR at 2904 51 276 APT
Source.Khanct al (1991), Amfmet al (1991). Whllmee(19R7) and Pnce (1987)

"



Chaptrr 5

PRESSURE TRANSIENT ANALYSIS

The application of pressure transient theory through computer assisted techmques allows

for the cxact compensation for previous prodllction at the source well It is done through

calculation of the superposition time function All pressure and production test data was

analyzed within the field. Detailed test evaluation was restricted to Lower Boka Hil sand,

The information was almost complete for detail review.

5.1 Theory of Pressure Transient Analysis

The dilTerentlal equation for fluid tlow through a porous medIUm,also known as the

diffusivity equation is given by:

iJ' P 1 iJp r/>W, 8p_~+~_o ._
i'Jr' r i'Jr 0.0002637 k iJl .. " 5, I 1

Matthews' and Russell (1967) presented a derivation of equation 5.l I and pointed out

the assumptions as' horizontal flow, negligible gravity effects, a homogeneous and

isentropic porous medium, a single fluid of small and constant compressibility, and

applicability of Darcy's law, and that ;t, k. of. and c, and are independent of pressure, As

a result of those assllrnptlOns,and since the common boundary conditions are linear,

equation 5.1 I is linear and readily solved,



If I-l, k, q, and c, are strong function of pressure, or if varying multiple fluid saturation

exists, equation 5,1. j bewmes non-linear and its solution becomes much more

complicated,

To solve this equatiun pseudo-pressure and pseudo-time approach is used, Gas viscosity

and density vary significantly with pressure, so the assumplions of equation 5.1,1 are nol

satisfied for gas systems and the equation does not apply directly to gas flow in porous

media That difficulty is avoided by defining a 'real gas potential' or 'pseudo-pressure'

as m(p) " 2f Pdp, where Ph is an arbitrary base pressure and z(p)is gas
p, j.J(p)z(p)

deviation factor at that pressure In very tight tbrmations the use of m(p) alone is not

sufficient to linearize the flow equations because if the large /:,p at the beginning of the

test, the gas compressibility is changing significantly In this situation it is also necessary

to replace the time with a pseudo function, the 'pseudo-time', usually noted I",••"" and

defined as,

I'dr 'I " f 'd 'I"",,,",," -,Wlere rlshmeo cons! eratlon.
o fK,

5.1.1 Pressure Drawdown Testing Solutioll

The first significant tranSlent event at a production well is the initial production period

that results in a pressure drawdown at the formation face, Properly nm drawdown tests

may provlde information about formation permeability, skin factor and reservoir volume

communicating with the well



The pressure at a well prodClcing at a constant ratc in an infinite-acting reservoir is given

by (Earlougher, 1977):

p - p(l,r) '" 141 ,2 qBp [P"(!n,ro,CIJ geometry, )+ sJ,, kh '

m,

.. ,5.1.2
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where the initial reservoir pressure is P" The dimensionless pressure (Po) at the well

(1'" "'I) is gIven by the exponential-integral sOlution to the flow equation is,

I ,-1',,' I [I 'j 07]PD(iJ),rD)=--f.,(--l'=- nUDII'/) +0,809 .
2 41" 2

m,

.5,1.4

I
PD ,,,-[In(lD)+O 80907] , 5,LS

2

When loll'..,' > 100 and after wellbore storage effects have diminished Dimensionless

time (/,,) is given by'

0.0002637kl
tD = ,

rPJiC,'" ' .51.6

Equations 5.1.3 through 5 1.6 may be combined and rearranged to a familiar fonn of the

pressure drawdown equation'

162.6qHt-< k
Pwr"'P,- {logl+log( ,)-3.2275+086859s] .. ,,5,1.7

kh tjJII..",I'"

Equation 5.1 7 describes a straight-line relationship between P"f and logt By grouping

the intercept and slope tenns together, it may be written as

'-



Pwj =mlogt+p',,,, ... ,5,1.8

Here, from the semi-log plot. J!"j 1',," log t, slope of the semi-log straight line m is

determined by,

k = _162.6qHjJ
mh

162,6qBji
m = - and the formation permeability k is estimated fromkh

kh k
and clearly, -, kh or - also may be determined.

" "
The skin factor -" is determined by,

I' - J! ks=11513{ Ihe , -Iog( ,)+3.2275]
m t/JJIC,'w

5.1.2 P~ssure Buildup Testing Solution

..51.9

Most pressure build up test analysis techniques assume a single well operating at a

constant flow rate in an infinite reservoir For any pressure-buildup testing situation, any

time after shut -in (Earlougher, 1977)

where Po is the dimensionless-pressure function,

521

I" is the equivalent time well was on

production or injection before shut-in and MI) lS as defined by

I,e,
A 0 0002637k~1
D.I[) ,

rfil-iC,'., 5.2,2

During the infinite acting time period, after well bore storage effects have diminished, and

assuming that there is no major, induced fracture, then, 1'" in equation 5 I I may be

replaced by the logarithmic approximation to the exponential integral (equation 5,14),

'"

•



1
P 1J--(tnID + 0 80907)_

2
5.23

Equation 5,2,3 applies when In> 100. By using equation 5.2.2 and equation 52.3,

equation 5.1 1 may be rewritten as:

I + 1,\1
p~ '" p, -mlog( rill) ,., .. """.,5.24

Equation 5 2 4 describes straight line with intercept P, and slope _ m, where

1626qHp.mo-- __

kh

which is the same as in the pressure drawdown lest.

_.52,5

Average reservoir pressure in an intlnitc acting reservoir (p' '" p, = p) may be estimated

by extrapolating the straight-line portion of a Horner plot, Pw, vs [(Ip + !:ll)/M] plot which

have a straight line section with slope -m, for a shut-in well to [(tp+6t)UI./] = I

Average reservoir pressure of a finite reservoir can be estimated following the method of

Miller, Dyes and Hutchinson (MDH) from MDH data plot (p", v81og!'J.t) when Ip < IJ'=

(Earlougher, ]<)77)

Equation 5.24 indicates that a plot of observed shut-in buttomhole pressure, p~,

vs log[(t F + M)/!'J.t] should have a straight-line portion with slop - m that can be used to

estimate reservoir permeability,

k = 162.6qBfl
mh ,., ".5,2.6



Skin may be estimated from the buildup test data and the following pressure 'immediately

before the buildup test

S=11513[P",,-P.,(1J.I=0)_log( k ,)~3,2275l_
m .ppe,f,"

,
-- : ""..5.27

Wellbore storage is computed trom the slope mas (SAPllIR operating mallual V2 20E,

1992):

[ 7;"",, i, ]

C"- k h ('lJ _ 08936- P, were~,",_ , ..
mx[-M"~-]xCMxh rfx:,hf"

kh

, __ 5.2,8

The equation for different regImes are expressed in a fonn independent of tile fluid type,

ai>a function of p"",,, and T"",",, ,
kh k

[T,., <ch] 0.000264, ~ . IIHere, -"- = ; ISlor In a cases,
k .p,A'/w-

Aod [1',,""" Y 1 for single-phase oil and----,;;;-'"' = 141.2qRfi

Ip""re']mr pl __ I for multiphase (SAPHIR operating manual, 1992),kh =10"'. 141.2q ,

Homer plot is used 10 find out permeability and skin factor where equivalent time (I p) is

241/
used. Here, I, = I'

q
where Vp is the el.lmulative voll.lme produced since the last

pressure equalization and q is the constant rate just before shut in,

•



5.2 Pressure Test Data

Pressure test data collected by IKM in 1993 are u~ed for creating plots of cartesian or

type-curve (simulation), semi-log, log-log (pressure/derivative profile plot), and Homer

plot The data from the bottom gauge were chosen as the basis for detailed pressure

transient analysis

Appendix 1 shows the IKi\1 (1993) pressure data, Well and reservoir properties were

collected from values provided by BPI report of Khan et aL (1991), Arafin et aL (1991)

and Oil and Mining Services reports (Whitmee, 1987).

The matching of the test build up data has been considered with a simple model. ThIS

model represents the behavior of a well with weHbore storage and skin In a

homogeneous, infinite-acting reservoir of infinite lateral extent.

There were three flow period;, The lKM (1993) collected the pressure data for 48,5920

hr at a rate of 15? STB/day then stopped for 71.85~Ohr and then again data collected for

176170 hours at the rate of j 55 STB/day, which had been taken at a depth of 6609 70

feet

In IKM analysis iluid properties were not provided and were calculated from the standing

correlations for a 30 "API degree oil (TKM, 1993), But, here reservoir parameters have

been available according to the SAPHTRdata requirements. Test type is standard and

input test parameters and PVT informations are given below according to Table 5 L

•



Table 5 1: Pressure transient analysis input data.

ReservOIr parameters Value Reservoir parameters Value
Porosity (~) 0,1475 Formation volume factor (8) 1,2524 ft ISCF
Well radius (r.) 0292 ft Total eompressibility (c,) 1.4564E-S
Pay zone (h) 101.68 f\ Viscosity (ll) I 2 cp,

The temperature of the formation was taken as 162 or,

5.3 Transient Analysis and Results

The pressure transicnt data ITom all drawdown and build lip periods have been accurately

examined for the pressure dependent changes in gas viscosity and eompressibility factor,

all the pressure data have been transformed to pseudo-pressure, by initial functions within

the program

The pressure data ITom both gauges are eompared in terms of pressure, pressure and flow

rate difference with time. Cartesian (simulation) plot is shown in Figure 5,1, which shows

pressure and production profile with time for drawdown and build lip periods, which is

prepared with the help of pressure gauge data of IKM (1993)

Figure 5,2 is a semi-log plot of pressure vs. superposItion time, which have a slnught-line

section with slope - m. Straight hne appears after wellbore damage and storage ellects

have diminished

The log-log pressure/derivative profile of dp and dp" [psia] vs dl [hrl is shown in Figure

5,3, This shows the relationshIp between pressure and pressure derivative with
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Figure 5 2: Semi-log plot ofHaripur oil field pressure data with early time match
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Figure 5,4 Homer (flexible) plot with one line match with late time match
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time for the 011bearing sand The unit slope illustrated in the log-log diagnostic plot in

Figure 5.3 characterizes the well bore storage dominated flow period. The unit slope line

is followed by a transition flow period, which is followed by the infinite-acting, radial-

flow period, The infinite-acting, radIal-flow period is characterized by a straight line of

slope 0,5. Thus, during this period, the derivative plot shows a constant slope of 0 5.

To continue the analysls, a generalized Homer diagnostic plot for the build-up period,

p., V,I log[(t,,+ilt)/t..I] is set out in Figure 54, providing insights into the test

behavior. After dissipation of wellbore storage and skin effect, the pressure at the gauge

level actually declines with time before re-establishing a build up period. The Homer

straight line during the later stages of the build-up match is shown in this figure.

From all the above curve analysis reservoir properties am found. In this regard, the log-

log plot uses early time pressure data whereas Horner plot uses late time pressure data.

Thus, slope of semi-log is 155 psialcycle and that of Homer is -152 944 psialcycle. The

main test results are provided in Table 5.2,



Table 5.2: Pressure transient analysis results ofHaripur oil field"

Parameters Result

Type curve Build up

Initial pressure (p.), psia 2460.68 2460,68

Reservoir Capacity (kh), md,ft 321 248

Permeability (k), md 3.16 243

Wellbore Storage Coefficient, STB/psi o 00595 o 00595

Mobility (kl J-l), psia 263 263

Skin Factor (8) 641 4.00

Time match, 11hr 13,3 -
Pressure match, IIpsia 0.00977 0.00742

Pressure (p )at dl - 0, psia 1092,3 1092.3

The important results to note about the analysis are tbe average reservoir penneability,

2,43 md and apparent skin factor, +4,00. Tbe absolute magnitude of each variable is

highly dependent on tbe slope of the straight line, While the results are indicative of the

measured transient behavlOr. a minute suppressIOn of the pressure build up through

thermal transients could result in higher calculated penneability than that exists in the
reservoir.

The initial reservoir pressure of the sand was determined in Ihis study is 246068 psia.

The lKM found the initial average reservoir pressure 2468,922 psia But Oil and Mining

Services (Whitmee, 1987) found it around 2927 psia,

5.4 Comparison of Results of SAPHIR with those ofIKM Analysis

Reservoir rock and fluid data used in this study have been taken mostly from BPI (1991)

and Oil and Mining Services (Whilmee, 1987), whereas in IKM (1993) study most of



those data was assumed, So there is a variation in data as well in results A comparison of

results is shown in Table 5 3,

Table 5,3 Comparison of results in Pressure transient analysis with IKM,

SAPHlR IKM workbench
Properties Semi L<Jg Type-curve Horner

(Simulation)
Reservoir Homogeneous Homogeneous Homogeneous Homogeneous
Boundary Infinite Infinite Infinite Infinite
Well Storage & skin Storage & skin Storage & skin Storage & skin

r: (STB/psi) 000595 0,00595 0.006564
p, (psia) 246068 246068 2460,68 2468,922
r. (ft) 186 161
kh(md,ft) 244 321 248 251
Skin (s) 3,86 6.4 I 4.0 4.1
k (md) 2.4 3,16 243 2,19

The estimated penneabilities from the study are 2.4 md, 3.16 md and 2.43 md using

semI-log, type-curve and build-up analysis, respectively. The permeability estimated by

TKM (1991) was 2.19 md Similarly the skin factors estimated from this study are 3,86,

641 and 4.0 usmg semi_log, type-curve and Horner analysis, respectively. IKM (1991)

study found the skin as 4.1, It can be observed that the semi-log and Horner analysis

results compare very well with the IKM results, whereas, the type-curve results of this

study are slightly higher, This has happened probably due to some noise in the pressure

transient data,



Chapter 6

SIMULATION STUDIES

The reservoir sands of Haripur oil field have been simulated using historical data and

thereafter production forecasts through gas cap possibility have been made. An implicit

compositional model has been used to simulate the reservoir. Compositional simulators

can model performance of volatile oil and gas condensate reservoirs in which phase

compositions vary widely with pressure, The confidence level of the forecasts depends

heavily on the accuracy of the geological data as well as the fluids and reservoir

properties,

6.1 EXODUS Simulator

Numerical reservoir simulator EXODUS (V 4.00, 1997) is a general purpose

compOSItionalmodel for simulating black oil, gas or gas condensate, and volatile oil

reservoirs, The compositional formulation of the model accurately represents the phase

behavior for the treatment of variable points of PVT regions, tracer tracking and

differentiation of injected and in place fluids The transfer of any component between the

oil, gas and water phases is calculated using equilibrium ratios, In this model black oil

data are internally converted to compositional models.

The program can simulate problems in one, two or three dimensions using either

rectangular (x-y-z) or cylindrical (r-0-z) coordinates, with any combination of oil, gas or

water phases, and characterizing the reservoir fluid into one or more components.

•



lnterolock mass transfer is represented by Darcy's law with relative permeability,

capillary pressure and gravity effects. The reservoir description capability includes

naturally fractured and communicatmg faulted reserVOlrs Dual porosity/dual

permeability reservoirs may be simulated, The model also allows, special connection of

non-neighboring grid cells for unconventional problems Wells can be vertical, deviated

or horizontal. Multiphase correlations are fully coupled to provide pressure losses in the

tubing

Simulator has non-linear regression parameter built into it whereby the program user may

find the best values of porosity, permeability, relative permeability that \ViII match

observed field history. This is commonly known as automatic history matching This

feature is of great value in reducing the time required to obtain a history match,

6.2 Mathematical Basis for Implicit Compositional Model

The simulation model is a fully implicit, three dimensional, multi-component model for

simulating isothermal processes, The finite difference formulation is a block centered

approximation to the partial differential equations. In addition to five and nine point finite

difference approximations, the model allows the linking of any pair of grid cells for mass

transfer,

In finite difference formulation a panial differential equation is converted to a finite

difference equation using the Taylor series expansion. The reservoir is discretized to a

number of blocks and each block is represented by a finite difference equation. The



boundary conditions are also converted to a corresponding finite difference equation.

These result in a set of algebraic equations, which is then solved using a suitable scheme,

Mathematical formulation used in the model is briefly discussed below:

Any component can exist in any phase and we assume there are' N phases and Nc

components

Componcnt balance. i ~ 1, 2 ..."" .. N(

... 6, 1.1

where the teons are: T = transmissibility; k, = relative permeability; 6P = pressure

drop, LlP,~ capillary pressure drop, Y" specific gravity; V~ volume; "'t= length of

tirnestep, p ~ density; q, = prodlletion rate

The interface mass transfer is handled by means of K values, Thus for each pair of

phases, e,g, 011 and gas:

y, ~ K",X,. .6,1.2

where Yiis the mole fraction of component, i, in the gas phase, Kg" is the interface mass

transfer coefficient for the component i, X, is the mole fraction of component, i, in the oil

phase.

Phase constraint equations, one for each phase, ensure that the mole fractions sum to 1.



,,
LX,," La

A saturation constraint equation:

,",:2)'. "LO, completes the equation sct
"~I

6.3 Model Configuration and Reservoir Grid Description

6.1.3

Panial dIfferential equations that describe fluid flow in reservoirs are solved numerically,

by discretising the differential equations with difference equations. To use difference

equations, a reservoir is treated as if it is composed of discrete volume elements and

changes in conditions within each volume elemenl are computed over each of many

discrete time intervals. Reservoir volume elements are tanned as gridblocks.

The net isopach maps used in the model were prepared and modified [TomBOGMC map

of1987(Khan ct,al, 1990).

A three-dimensional 25X7xS_grid is shown in Figure 61 and grid-model of the contour

map with a net pay zone of 2020-2040 m used for simulation and production forecast as

shown in Figure (> 2.

Well locations are selected from perforation intervals of wellbore diagram provided by

lKM (1993). The interval is between 6628 and 6670 ft as shown in Appendix 2,

r



Figure 6,1, Model grid system with 25x7xS grid used in Lower Boka Bil Sand
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Figure 6.2: Net pay isopach map of Lower Boka Bil Sand with grid

'"

Fig.]
9 P 1

(Modified Fwm BOGlvlC
Report No :10

N
r

_i'04~~I

HI\Pll'lJl~ OIL r

Mqp o( 19(7)

37

Ii

o,---~~---~
SC~lE:I:~(),OOO

CONTouns ON Tor OF
BHUBAII Oil SAND

•



6.4 Simulation Input Parameters

Most of the input parameters used in this study are taken from the previous studies

conducted by BPI (Khan, 1991). The rock and fluid properties have been assumed

uniform throughout the model. The necessary input data for the simulation study have

been compiled /Tom geological and geophysical study (Whitmee, 1987), core-analysis

(Price, 1987), well-log analysis, well-test results compiled by BPI (Khan et ai" 1991 and

Aralin et ai, 1991), lKM (1993) and from this pressure transient analysis, SGFL

provided the production data of Hanpur 1. All data are given according to simulation

procedure,

Table 6 1 shows differential vaponzation at reservoir pressure, which is used to prepare

different input data, required by the simulator.

Table (),I Differential vaporization al various reservoir pressure.

Pressure Solution RelatIve Oil Devtahon G~ Oil Calculate
pSlg Gas/Oil Total DensIty Factor Fonnation viscosity clGM

Ratio Volume gm/ee Z Volnme (ep) Viscosity
Factor roo) .

2913 465 1,224 0,7784 0.832
2350 376 1.192 0.7860 0,881 0.00653 0.889 0.0175
1800 '" 1.160 0.7980 0.889 0.00858 0.978 0.0160
1250 203 1.128 0,8104 0.9Hl 0.0121;1 LIO) 0.0147
700 118 l.097 0.8234 0.943 0.02311 1.269 0,0136
240 " 1.068 0.8367 0.976 006707 1 661 00128
0 0 t.044 0,8458 1 568

Gravity of Residual Oil =28.5 0APl@60oF

Source Khan ct al (1991)

•C\



6.4.1 PVT properties

Reservoir fluid properties have been taken from BPI report (Khan et aI., 1991) which is

given below in Table 6,2, Other properties like specific gravity of gas in surface

condition is taken as 0,83, stock tank oil density as 55,0 lb/cuft and bubble point pressure

as 2913.73 psia and the surface water density is taken as 63.022 Ib/cuft from BPI report

10 (Khan et aI., 1991)

Table 6,2 PVT properties at different pressure.

Bo rblstb R, SCF/STB B rcf/scf "" , " , B" rb/stb II" cp
I 0936 47 0,0466 3,7959 0.0129 1.01302 0444
1.1048 75 0.0294 32300 0.0132 1.01118 0.444
1.1164 105 0,0212 2,8056 0.0135 1,01059 0.444
1.1283 136 00165 24784 0.0139 100937 0,444
1.1404 167 0,0134 2,2197 0,0143 1.00815 0444
1 1527 198 0,0] 12 2,0105 0,0148 1,00694 0.444
11652 230 0,0097 1.8382 0,0153 1.00572 0444
11779 263 0,0085 1,6940 0,0159 1.00450 0444
1,1906 296 0.0076 1.5716 00165 1.00329 0.444
1.2035 329 0.0068 1.4666 0,0172 1.00207 0.444
1.2166 362 0.0063 1,3754 0.0179 1.00000 0.444
1.2297 396 o 0058 1,2956 0.0186 1.00000 0.444
1.2429 430 00054 12251 0.0193 1 00000 0,444
1.2524 454 0,0051 0,8320 0.0200 1 00000 0444
1 2500 460 00049 11100 00201 1 00000 0.444
1.2444 465 00047 1.1603 0,0203 1.00000 0444
1.2435 483 00045 1.1700 0,0205 1,00000 0444

Source: Khan ct al. (1991), Arafin et aI., (1991) andWlulm"",(1987)

6.4.2 Relative permeability and Capillary pressure

Irreducible water saturation and residual gas saturation are taken to be 0.22 and OJ,

respectively (Whitmee, \987). Capillary pressure and relative permeability data are not



available and these values have been calculated usmg Honarpour correlations. So

Honarpour correlation (EXODUS V 4 00, ]997) was used to prepare a saturation function

data which is shown in Table 6.3A and 63B. Assuming lithology and wettability as

sandstone and conglomerate water-wet, respectively. Other properties have been taken as

connate water saturation (Sw,) is 02, residual oil-water saturation (", •••) is 0,25, connate

gas saturation (s8") is 0 1, residual gas~oil saturation (S",g)is 0.2, residual gas permeability

[krg{Sorg)]as 1.0 and absolute rock permeability k (air) is 614 md, Using these data water

saturation (sw), liquid saturation (Sl), residual water permeability (~) and residual gas

permeability (krg) have been obtained Parameter for regression analysis of the K,w table

value (P..- k",) and parameter for regression analysis of the krowtable value (p" kM~) is

zero. Also, parameter for regression analysis of the k,. table value (p", krw)and parameter

for regression analysis of the kmgtable value (p", kM~)is zero.

Table 6.3A: Saturation function data

", k_ k_ ~ia " k", .k_
020000 0 1 7 0 0
02423 J 0,00287 0,71602 4 0 0
0,28462 0,00596 0.54974 3 0 0
0.32692 000941 0.41661 2.5 0 0
036923 001341 0.31166 2 0 0
0.41154 0,01819 0.23026 15 0 0
0.45385 0,02408 0.16817 1 0 0
0.49615 0.03143 0,12152 OS 0 0
053846 0.04072 0,08683 0,25 0 0
0,58077 0.05246 006103 0 0 0
0,62308 0.06727 004145 0 0 0
066538 0,08585 0,02586 0 0 0
070769 o 10899 0,01247 0 0 0
0.75 013756 0 0 0 0
1 047719 0 0 0 0

.,



Table 6.3B: Saturation function data.

" k k, ~ia) , • k ..- k""
0.2 0,77992 0 39 0 0
04 036416 0 3.5 0 0
0.425 0.32191 0,00001 3 0 0
045 0,2&1&4 000007 2.5 0 0
0.475 024392 0,00021 2 0 0
0.5 0.20&17 0,00054 15 0 0
0.525 0.17458 000116 1 0 0
0,55 0.14315 0,00225 0.5 0 0
0.575 0.11389 000404 0.2 0 0
06 0.08679 0.00683 0 0 0
0,625 0.06185 0.01102 0 0 0
0.65 0.03907 00171 0 0 0
0675 001845 0,02568 0 0 0
0.7 0 0.03753 0 0 0
1 0 1 0 0 0

6.4.3 Reservoir parameters

Thickness of the different layers of the sands is obtained from the net isopach map and

BPT Report no, 10 (Khan et ai" 1991), Dead oil viscosity and bubble point viscosity have

been taken as 5 3444 cp and 1,1603 cp, respectively. Average thickness, well diameter.

porosity, skin factor, permeability and iMia! presSl.lrevall.les have been obtained from the

well completion reports compiled by Arafin el at. (1991), Whitmee (1987) and pressure

transient analysis resl.llts These values are shown in Table 4.1 and Table 6,4,

• I



Table 6 4' Reservoir input parameters.

Parameter Value
Layer 1 I Layer 2 I Layer 3 I Layer 4 I Layer 5

I and J Grid distance (ft) 863.55
Net thickness (ft) 4.10 4.92 492 5.74 5,74
Gross thickness (ft) 1640 19,68 19,68 22,96 22.96
Top depth (ft) 6589.52 6605.92 6625,60 6645.28 6691.20
X, Y and Z permeability (k) 88.5
Initial datum pressure (psi) 2460.68
Initial saturation pressure (psi) 2927.73
Rock compressibility, IIpsi 0.00000923
Initial water saturation 0,25
Initial gas saturation 0.20

Source Khan ct aI (1991). Arafin at aI. (1991) and Whitmee (1987)

6.5 Reservoir Scenarios

Non-availability of tabulated actual production data caused a great problem for

comparison of simulation model output but thc annltal production reports of Sylhet Gas

Field Limited (SGFL) have been taken into consideration.

A detailed graphical data are provided in Appendix 3.

In this simulation study two reservoir scenarios are considered.

Case I. Reservoir with a gas cap

Case 11' Reservoir without a gas cap

'I



6.S.1 Case I: Reservoir with a gas cap

Reservoir contour map of the Lower Boka Bil is divided into 2Sx7xS layers for

simulation. Input data are given according to the data requirement of the simulator Since

gas cap is considered, gas-oil contact should be situated above the pay zone of Lower

Boka Bil and it is assumed at 6601.00 ft according to Whitmee (1987), The water-oil

contact, highesllevel where water saturation is 100 percent, has been considered at the

depth of6700,00 ft (Khan et aL 1991).

Khan et al of BPI (1991) assumed that no gas cap initially existed in the oil bearing wne

bl.1ta gas cap may develop later in the production history. Arafin et aL from BPI (1991)

have a suspicion that the oil reserves of Haripur 1 is possible having gas in Sylhet I,

Sylhet 2 and Sylhet 3. Also from the production scenario high gas-oil ratio (GOR)

indicates presence of a gas cap This GOR indicated that oil flow would correspondingly

decrease as the gas flow increases, which is a nonnal function of relative permeabilities,

From the rcsult~ obtained from simulation run, on the 17thof July, 1994 oil rate was

about 88 bbllday with high GOR of 2740, 168 SCF/STB and cumulative water production

of 0 03 MMBBL But thc cumulative oil production was only 0,296 MMSTB, This is

quite low as the reserve of STOOlP found by volumetric J material balance analysis

conducted by BPI and Oil and Mining Services, which is not less than 8 ° STOOIP. From
the latest production report total oil withdrawal from the pool was 0,63 MMSTB on the

141hof July. 1994 So simulation results is much lower than the actual production.

• I



Production rate obtained from this model is quite different from the actual production

data available, Actual oil production is much higher than that of model output of ease I

Comparison of result is shown in Figure 6 3, 6.4 and 6.5 with actual oil, gas and GaR

production, respectively

FigJfe 6 3: Co~ of Case I ril fXlXIuctionresults Ylith the a:tlJal oil fXlXIuctia1
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In Figure 6.3. actual oil production is very much higher than that of Case I. But at the end

of August 1993, it fairly the same as the actual oil production rate,

In case of Figure 6.4, actual gas production rate shows much lower than that of model

output of Case L

On the contrary, GOR productIon will be very much higher in this case than that of actual

and this has been shown in Figure 6,5.

Detailed results arc provided in Appendix 4,

It is to be mentioned that the Case I simulation results have not matched with the actual

field history, Simulation results predict that the oil-in-place of Haripur oil field is 21 2

MMEBL

6.5,2 Case II: Reservoir with no gas eap

BPI materia! balance calculations were done assuming no water influx and no gas cap for

the oil pool. In Case II simulation the samc assumptions, i e., no water inflllx and no gas

cap have been considered

Input dates were kept the same as those of Case L There is no indication of gas cap in

Lower Boka Bil as predicted by Arafin et al of BPI (1991). So gas water contact has

been assumed at 6700,00 ft The gas-oil contact is considered at 6585,00 and water oil

contacts is considered at the same level as that considered in Case L

I



This case shows higher cumulative production of oil than that of Case 1. On the 17thof

July, 1994 the oil rate was 22L97bbllday with a lower rate ofGOR 323.518 SCF/STB.

Lower GaR may result due to absence of gas cap. Cumulative water production is also

considerably Jow, which is 0.03 MMBBL. Cumulative Oil production is 0635 MMSTB

Average gas rate is 0,072 MMCFID, But oil and gas recovery is only 2 567% and 1 558%

respectively, Which are very low with respect to the oil-in-place obtained from the

material balance study conducted by BPI (Khan et al. 1991)

From actual cumulative production of June 1991 total oil production was about 0.387

MMSTB and at that time gas production was 491.57 MMSCF (Khan et al 1991). In this

study on 17'" of June, 199], the cumulative oil and gas productions were 0.373 MMSTB

and ]27.41 MMSCF, respectively. Although the oil production is comparable, gas

production predicted by this model is much lower. This indicates that there may be some

gas cap or increased gas saturation towards the top of the formation,
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Figure 6,8: Comparison 01gas oil ratio (GaR) production resullsof Cese II
wiIIl the actuai GOR producti""
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Production rate found in this model is similar to the actual production of Haripur 1,

Initially actual oil production was higher than that of model output of Case II. Figures

6.6, 6.7 and 6,8 show the comparison of results of oil, gas and GOR production,

respectively,

From the early 1992 to mid 1993, the actual oil production and model output were the

same. Later on the model output of Case n become higher than the actual production

which is shown in Figure 6.6

From mid 1993 in Figure 6 7, gas production results of Case II matches with the actual

production of the well,

GOR production fairly matches with that of actual in Figure 6.8

•



But model output does not match properly throughout the whole production period This

might have happened due to wax solidification in the tubing, which the simulator is

unable to model properly

Detailed results are provided in Appendix 5,

It is to be mentioned that the Case II simulation results have not matched with the actual

field history In this case simulation results predict that the oil-in-place of Haripur oil

field is 24 7 MMDBL.

6.6 Comparison of Results for the Cases I and II

Results of Case I and Case 11have been analyzed. Case I has sho'Ml that reservoir will

produce very high GOR, gas production and considerably very low oil production where

as Case II shows lower values for GOR, gas production and produce high oil production

At the end of simulation date (161h of December, 1994), GOR, cumulative gas production

and cumulative oil production of Case I are 2580.444 SCF/STB, 1362,709 MMCF and

0.309 MMSTB, respectively and those for Case ]J are 322.492 SCF/STB, 223.926

MMCl' and 0,668 MMSTB, respectively, Water production for Case n is almost the

same as that of Case L Excessive GOR with high gas production for Case I is due to gas

cap consideration Case II shows an oil production, which is very close to that of actual

trend, Comparisons of results of two cases are shown in Figures 69, 6.10, 6.11 and 6,12

of oil, gas, GOR and water production, respectively.

'"



R~re 6,9: Cumulative oil prodLJdlOOwth time for Case I aM Case II
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Figll"e 6 11: CutllIlative gas (Ill ratio (GOR) IIilh time for Case I and Case II
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Figure 6.12: ClmJal:lve Willer rnxLdion withtirre for case I ald case II
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6.7 Comparison of Results with the Actua! Production Data

Results are shown in tabular fonn below. Here results of ease I and Case II have been

obtained from the simulation resuhs are compared with the actual production data.

Table 6.5: Comparison of results with actual production data.

Date Case I Case II Actual
6/91 Cumulative oil production (MMBBL) o. \9 0,373 0.3873

Cumulative gas production (MM:SCF) 959,77 127.41 491.57
Cumulative GOR production (SCF/STB) 446528 332.243 -
Cumulative water production (MMBBL) O.Q\8 0.018 -

7/94 Cumulative oil production (MMBBL) 0.296 0,635 0,6369
Cumulative gas production (MMSCF) 1328,254 2]3,161 891.57
Cumulative GaR production (SCF/STB) 2740,168 323.518

Cumulative water production (MMBBL) 0,03 003 -

For both cases, simulation have been conducted assuming the last production date was

the 16th of December, 1994, as local experts abandoned the oil field on the 14th of July of

that year as production cost, wax build up inside tubing and other operating difficulties

caused production not viable.

Comparison of results of the two models and the actual production are shown in figure

6.13, 6 14 and 6 I 5, respectively,
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Figure 6, 15' Comparison ofresutts ofthetwo cases
wijh the actual GOR production
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In both cases, the simulated production profile did not match with the actual field history

In Case II scenario the total production is very close to the actual oil production but

results of Case I differ slgnificantly. It may be concluded that the gas cap in the initial

stage of production was not present. Thus Case II is more reliable in predicting the oil-in-

place of Haripur oil field Reserve estimate of Haripur oil field is likely to he 24,7

MMSTB,
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In both cases, the simulated production profile did not match with the actual field history

III Case II scenario the total production is very close to the actual oil production but

results of Case I differ signil1camly_It may be concluded that the gas cap in the initial

stage of production was not present. Thus Case I1 is more reliable in predicting the oil-in-

place of Haripur oil field, Reserve estimate of Haripur oil field is likely to be '24.7

MMSTB,



Chapter 7

ANALYSIS OF PRODUCTION STOPPAGE

To find out the causes of the production stoppage, available different reports, papers and

documents have been analY7ed, These analyses have donc taking into consideration the

source rock and fluid propenies data, oil sample results, presence of any drive

mechanism and finally the production scenarios, The following articles have summarized

the analysis_

7.1 Source Rock and Presence of Wax

The sedimentary facies seen in Haripur 1, suggested the sands C to E to be a part of

deltaic complex This in tum further complicates any interpretation of the sand units

distribution and maximum structural elevation The entire source structure contains finely

disseminated carbonaceous materiaL As Assam produces Tipam oil and gas, it is just

possible that heavier fractions may exist in the Tiparn of Sylhet downdip, Also the final

additional interest is a bright spot on line park-tila Sylhet (PK-SY-3) downflank in the

Tipam rocks approximately 2,5-km north-west of Haripur 1 (Whitmee. 1987). This may

be a significant accumulation of hydrocarbons that is trapped in a pinch-out. Evidently

the carbonaceous-carbonatc environment of the Lower Boka Bil mixed with marginal

marine facies is suitable for generation of waxy oil.

Core Lab results ind,cated thal, the PYT results were consistent with standard industry

correlation with the exception of viscosity (0.832 cp at bubble point pressure' and

maximum of 1.568 cp at atmospheric pressure), which was considerably lower than the

•



correlations This is probably due to the effect of the wax. From the compositional

analysis of the separator products it is seen that the crude oil was typical with no

unpleasant surprises except a high pour point of 75 of, due to high wax content of 9.6%

(Whitmee, 1987). So waxy 28.9 "API oil with heavier hydrocarbon was present in oil

bearing sands ofHaripur.

7.2 Oil Sample Assay

The results indicate that this black, medium Al'l crude oil is essentially of naptheno"

aromatic compositIOn(hydrogen saturated, six carbon atoms) and of moderate pour point

and wax content. Paraffins, straight chain hydrocarbon molecules that contain saturated

carbon hydrogen bonds, only make up about one third (33.33%) of the Iotal composition

(light volume, LV%). The oil is not biodegraded and is of low sulfur and nitrogen

contents. So Tipam oil is containing heavier hydrocarbons.

7.3 Reservoir Drive Mechanism

Four years after production started, in 1991. the volumetric '.and material balance

calculations checked whether the pool behavior was matching with the depletion drive

predictions. History matching ofllPI study (Khan et al., 1991) indicated that there was a

faIrly strong water influx from the aquifer. BPI study confirmed a partial or full pressure

maintenance due to an active water drive and predicted that the primary recovery would

be much higher than for solution gas drives. All the Upper Assam fields in India have a

fairly active water drive (primary recovery more than 65% of STOOlP). On the contrary•

•



because of high structural position of Haripur oil field it will always be likely to have a

high GOR problem, especially if a gas cap fOnTIS(Khan et ai" 1991),

So, BPI study predicted that primary recovery from Haripur pool could be between 50%

to 60% of the oil-in-place This primary recovery was earlier predicted by Oil and Mining

Services, considering solution gas drive, of the order of20.75% for oil and 83 2% for gas

(KhanetaL,1991)

Simulation results of Case I show high GOR, with a low recovery. Case II shows lower

GOR with an optimum production that matches with the actual production data So it

may be asserted that wcll has an active water drive, which was also indicated in BPI

(Khan et aI" 199) study.

7.4 Production Scenarios

From the production scenarios, it is anticipated that some of the production decline was

due to the wax deposition in the tubing, The wax would cause a restriction to oil flow and

a corresponding pressure drop at the wcllhead, The GOR would also increase due to

increased gas mobility. Figure 7 1 shows the actual production scenarios,

It should be noted that the wax was not totally responsible for the decline in produetion

ratc. A solution gas drive can also cause a high GOR to occur. From the analysis of Oil

and Mining Services (Whitmee, 1987), with the data available at that time, they have

seen that an increase in GOR is reasonable and reasonably matches the performance of

the wall to date. No gas cap is required to explain the GOR behavior ofHaripur 1.



Rgure 7.1: Prcductioo histay ct Haipur oil field
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If other drive mechanisms come into play, the primary oil and gas recovery forecast of

Oil and Mining Services (Whitmee, 1987) will not hold, especially if any water is

produced due to a water drive mechanism. As can be seen, the GaR will steadily increase

with time with a corresponding decrease in the oil rate.

Again, based on the Gearhart ULTRA Interpretation (Whitmee, 1987), no gas cap was

seen from the production oil reservoir unit. Production history also supported that no gas

cap existed at that time, The oil bearing sand has no gas cap and, thus, only water drive

exists,



Chapter 8

DISCUSSION

Pressure transient analysis and simulation results are discussed separately below For

pressure transient analysis model output is compared with that of IKM results. Reservoir

simulation has been conducted and obtained production results are compared with the

actual production data ofHaripur oil field

8.1 Pressure Transient Analysis

In this study values of different useful rock and fluid properties of Haripur I well are

obtained from several reports and papers. But most of the values are taken from BPI

Report 10(Khan et ai, 1991) which is the compilation of different paper:;,

In well test interpretation, the pressure data are taken from IKM pre:;sure gauge data

(pressure survey, 1993) and values of other rock and fluid properties are taken ITomBPI

Report (1991). But the analysis re:;ults compare well with different studies. In the IKM

analysis, the initial pressure i:;2468.922 psia, permeability 2.19 md, skin factor 4,10, and

the wellbore storage coefficient 0 006564 bbllpsi. Both in this study, the reservoir

pressure is found as 2460.68 psia, permeability as 2,4 md, skin factor a:; 40, and the

wellbore storage as 0.00595 bbllpsi. These variation of results may have occurred

because the input data taken in this study in case of porosity (<jI),pay zone (h), formation

volume factor (B), total compressibility (c,) and viscosity (~) are different from those

used in the IKM study. In the IKM analysi:; these values are mostly assumed arbitrarily,

!



8.2 Reservoir Simulation Analysis

In this study two cases have been analyzed, All the necessary data are not available for

reservoir simulation, Assumptions were made to caTTyout the study where data was not

available.

8.2.1 Case I: Reservoir with gas cap

Here cumulative production and other results (Appendix 4) differ from the actual

production data On the 171h of July, 1994, cumulative production of oil for Case I shows

as 0 296 :MMBBL. Actual production up to the 14lh of July, 1994 was 0.6369 MMBBL.

Because of the gas cap, the gas production and GOR were much higher than the actual

values. Saturation functions like water relative permeability (k",), oil relative

permeability and gas relative permeability (k,J, etc used in simulation were taken from

Honarpour correlatlOns, which might affect the production forecasting. Oil in Haripur I

well is very waxy which has caused low production rate and cumulative oil production

This study may not have properly simulated the wax buildup phenomena in the tubing,

which actually restricted the oil flow from the reservoir.

8.2.2 Case U: Reservoir with no gas cap

In this case .~imulated result (Appendix 5) showed a total production of 0.635 MMSTB

whereas the actual production was 0.637 MMSTB, This result is very close. However,

the difference occurs due to some inaccuracies in the assumed data. But it is obvious that

there was no gas cap present initially. From the production test report (Whitmee, 1987),

the waxy oil itself reduces the oil production rate thrOl.lghthe 3,5 inch tubing, It should be



mentioned that Haripur 1 was originally conceived as a crystal gas well for gas

production from shallower zones,

Case 11simulation seems to be more reliable as the production status predicted by the

simulation is cqual tu the actllal production status, Thus reserve estimate of Haripllr oil

field is likely to be 24 7 MMSTB

8.3 Future Recovery

Production uf Haripur well stopped due to wax buildup in the tubing. Wax build tip

occu~ in the tubing year round, which clogs the tubing inside diameter, reducing the

production creating flow restriction. So in future, thermal or non-thermal heavy oil

recovery methods may be used for further production of oil.

According to Selby et al (1989), thcrmal method is suitable for thick (>10m), low depth

(1000 ml fonnation having low permcability (k) and oil saturation (S,,) In case of

Haripur oil field, the well has 35 m payzone at a depth of 2020 m with 2.4 md

permeability and moderate water saturation, The oil has a very high wax content. Thus

any type of thermal or non-thermal heavier oil recovery method may be applied for future

production, As the oil is waxy and viscous, thenna! method such as cyclic steam

stimulation will be more appropriate for the future production. Thermal method may

augment the oil recovery at least 50% as Tipam oil of Upper Assam fields in India have a

primary recovery of65% (Khan et aI, 1991)



Chapter 9

CONCLlJSIONS

In this slUdypressure transient analysis and reservoir simulation of the Haripur oil field

have been conducted, Pressure transient analysis results have almost matched with the

same analysis done by IKM in 1993 Here, the same pressure data are used and analyzed

with latest available reservoir rock and flLlidproperties. In reservoir simulation, two cases

have been consIdered Case I considers a gas cap and Case II considers no gas cap in the

oil bearing sand. Latest available data are L1sedfor the study [n Case II simulated

productions are close to the actual production scenarios. Inspite of some non-availability

of data, the study has been conducted satisfactorily. Based on the study, the conclusions

are outlined below,

I, Pressure transient analysis results give reservoir characteristics, which are very close

to those of IKM analysis, Analysis shows significant skin factor that represents a

damage, One reason of the formation damage may be due to the mud filtrate invasion

and the drilling process, This damage causes additional pressure drop during

production at a given rate.

2, The pressure transient analysis results arc considered reasonable for the purpose of

quantitative reservoir engineering analysis So these results would be useful for a

better simulation study.



3 From the reservoir simulation it has been established that initially there was no gas

cap present in the reservoir, In Case n (which considers no gas cap) simulation total

oil production is very close to the actual production status and it predicts the oil-in-

place ofHaripur oil field to he 24.73 M:MSTB.

4, In the literature it has been identified that the drastic production de<:line was mainly

due to the wax buildup on the tubing, The wax with high specific gravity would cause

a restriction to flow, As this is the case, after scraping the tubing, the oil rate would

increase to the previous rate of approximately 320 bopd, on a 16/64 ths chock without

an increase in GOR

5, Production stopped on the 14th of July, 1994, but the material balance and simulation

study show that the reservoir contains more oil It might be in the fonn of heavier

hydrocarbons as reservoir source rocks indicated,

6 According to the BPI study, structural position ofHaripur I makes it disadvantageous

as a long-term primary production under gas cap drive Gas injection, which is a

pressure maintenance method, will be difficult to apply Any gas will migrate to the

crest of the oil structure where the well is situated, However, Haripur I itself is in an

ideal location as a gas injection well for future production.



Chapter to

RECOMMENDATIONS

In this study pressure transient analysis and reservoir simulation have been conducted and

thus, reservoir parameters have been estimated and future production scenarios have been

studied. [t is shown that still huge amount ofrecoverable reserve present in the formation

Analyzing all obtained reservoir parameters and simulation results this study

recommends that:

1, PVT samples should be collected and studied extensively to understand the reservoir

fluid characteristics. However, due to the present tubing condition, it may be difficult

to obtain representative samples /Tom this well,

2. Further investigation is necessary to ascertain the actual initial reservoir pressure as

IKM found 2468.92 psia and this study shows 2460,68 psia whereas Oil and Mining

Services found it as 2927 00 psia,

3 This study agrees with that of the Oil and Mining Services that a well completion

study should be undertaken to ascertain the optimum tubing size in future oil wells.

Proper design of the tubing system is very important for producing the oil with high

wax content.



'4 Haripur well contains heavier hydrocarbon with high percentage of wax Increasing

temperature around wcIlbore by using cyclic steam stimulation I injection method

should be considered to overcome the flow problem for future production,

5. A fresh Held development scheme should be taken through careful evaluation,

appraisal and exploitation of the Haripur oil field to maximize economic recovery

from the ficld
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NOMENCLATURE

Formation volume factor, rftl I sit'

Oil formation volume factor, rft3/ sf'\"'

Gas formation volume factor, 1ft)I sftJ

Water formation volume factor, rfrl/SU3

Total compressibility, 11psi

Gas-oil ratio

Pay lOne, ft

Layer(XY), ft or permeability, md.

Gas relatIVe permeability

Water relative permeability, md

Oil relative permeability in presence of water, md

Water-oil capillary pressure, psia

Parameter for regression analysis of the Krw table value

Parameter for regression analysis of the Krow table value

Gas-oil capillary prcssLlre, psia

Parameter for regression analysis of the Krg table value

Parameter for regression analysis oCtile Krog table value

Flowing bottom-hole pressure, psi

Initial pressure, psi

Apparent reservoir pressure, pressure obtained from semi-log plot, psi

Average reservoir pressure, psi

Shut.in bottom hole pressure, psi

Pressure straight-line portion of semi-log plot ] hour after beginning a

transient test, psi

Solution gas-oil ratio, sftJ/rftJ

Radial distance, ft

Radius of investigation, ft

"'



'. Wellbore radius, ft

'0 Dimensionless radial distance

'. Water saluration, fraction

M Shut in time, h.ours

p, Oil viscosity, cp

", Gas viscosity, cp

I Porosity, fraction

", Water viscosity, cp
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History Listings

Company
Field

Well
Test
Date

Gauge
Depth

PMRE, SUET
Haripur
Haripur 1
1999 pressure survey
30101/93. 04/02/93

6609.70 ft

Fonnalion interval
Pelforated interval

I SYLHET#7 I
6589.52 It - 5668.24 I
6628 It . 6670 fI

I P,,,,,"ur@ I P,••• ur. P"'SW'.

IDale TI~ I ." c., Time ,.. O~ TI_ ."I
311Gl192 00:0000 000 31IGIIIl2 06:48:00 107430 31101/92 1750:31 1092.40

000000 000 09.00,31 ,~OO 16:07:58 1091.60
00:2031 m.~ OO"~ 100610 1625'29 1098 10
oo37,58 142760 09:40'31) 1115.70 18'4301 110450
00 55:30 1260,70 09'5801 1l040.50 19 oo 26 107660
01:13.01 118330 10:15'28 110360 19'1759 1006 70
01:3026 113170 10:3300 1052 50 IS3531 107530
01'47.59 lOS710 10,50:31 1OBo00 19 52.56 1090,90
02 05:~I 1125.aO 110758 107850 ,20:10'29 107540,•022258 1109.00 1125,30 100200 2O,2a'01 1069,50
0240 29 1075.30 11'-4001 1101,90 2O:45'2a 1090,20
025801 '0000 12:00:26 110120 21:02:59 1079,10•

1012.9010.;1528 ,~OO 12:16:00 1011410 21:20:01
0.;,02'59 1091.30 12'~0.31 '~oo 213758 107S.OO!
035031 ,=~ 1202,56 107720 21:55'29 1076 90
040758 107010 13:10,30 1075 oo 22:10'011 1De2001
~~OO 108160 13 26:01 1Onoo 22:30,28 1076.10
044301 lon,oo 134028 109110 224759 1014.00
0500:28 1066,90 140300 109210 230531 1071.00
Do18 oo 109160 14,20:01 '~oo 23:22'58 1082,040
00:3031 !O13 70 14:3755 ,~OO ~~~ 1081.20
055256 11l8:J10 145530 I08S.50 235801 1048.90
08'1030 107510 151301 1097.60m- oo 15 26 1084.10
06 26 01 1096,70 153026 1084.20 003259 ,moo
06'4528 1060 20 154800 1000 10 00 50'3' 107520
0703:00 1019,00 16'05~1 106260 01:01:58 l00MO
07:2031 101560 1522.58 1084,90 01 25:29 'On,5O
07:3758 1054 50 15:40:29 107040 01:43:01 ,,..~
075530 ,moo 1658.01 ''''00 02:00 26 1048,50
061301 107820 11:15 26 ''''00 02,17:59 ,~oo
06:30'28 1081,00 17.32:59 lon,3O 02,35 ~1 1058,90

I

11_1999 72 Saphir level 3 V2.20E
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History Listings

Company
Field
Well
Test
Dale

Gauge
Depth

PMRE, SUET
Haripur
Haripur 1
1999 pressure survey,
30101/93 • 04/02193

660970 It

Formation interval
Perforated interval

SYLHET#7

658952 fl. 6668.24
6628 It. 6670 fI

Pres""", Preo"= P,--", I0* Tim. 0- e., TI_ 0" e., Tim. ."
D4J{)2192 171500 243100~~,0153:34 2217.50 ~ Cl406:16 1323.70

17.49sa 243140 0156:31 2029.00 Cl4,16:sa 1291 20
162501 2431.60 01 S9Zl 1995.60 Cl4.2S44 124290
19:0000 243190 02:02:20 ,~O 0.:3429 1203,80
19,34.58 2432,30 020613 1991.20 04:43:15 115750
20.10:01 2432.40 0206:00 199170 04:52.01 1147,80
20 45:00 2432.80 0211:00 ,-- 00:00'018 1121,80
21 19'sa 2(;)3 10 02 T3:sa 193310 00-00:26 107710
21 '55 D1 243330 02.1555 ,mo 0518:1. IOn4On.oo 243360 02:1951 1927.10 05'26'59 1071,20
ZlCl4,sa ~OO 02,22014 1927,80 05:3545 1051,30
Zl4001 ,~. D225'4O 191220 05:44:31 100360~m, 001500 ~~ 022835 '=0 05$3:16 1075.30
00:49'58 2433,90 02 31 30 '=00 060158 1D8e.00
01:Cl401 242710 02:34:26 1863,00 06:10'44 1065.00
0106,$3 2427,10 02:37'19 1864,50 06'1929 1067.60
01.09,50 2427,10 024015 183nO 062815 1093.30
01.1243 241760 02:43'00 1820,10 00'3701 109200
01:1539 241770 02:46:04 1821.10 00'4546 1oe790
01:1835 2.17.80 024901 1821.00 06:54:28 ,-~
01:21:28 2.17.90 0251:53 1B0440 07:03,14 1102,80
01 24'25 '_00 02:54:50 1799,70 07'11:59 1113.60
01:27'21 '_00 02.57:43 100160 07:20 4S 112150
01'30:14 2408.C(l 03.00:39 ,~OO 07'29:31 111390
01'3310 _00 03:07:01 0_ 07sa16 113180
01 35.03 Zl98,10 03.1545 1792,20 ~.. 112100
01:3900 _.00 03'2428 m,oo W~M 111980
01,4156 _W 0333:14 219630 06:04:29 112050
01;4449 :121710 034159 ,m. 081315 1105.401,01:4745 :121720 0350,45

1355':1 00:12:01 1124.60
01:50 sa 221740 03:6931 1273 40 08'30'43 1oe7.70

11-1999 75 Saphlr level 3 V2.20E
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History Listings

Company
Field
Well".
Date

Gauge
Depth

PMRE, BUET
Haripur

Haripur 1
1999 pressure survey
30/01/93 - 0.4102/93

6609.70 fI

Formation interval
Periorated Interval

SYLHET#7

658952 fl. 666824
6628 fI - 6670 fI

I Pee,sure f're •• ur~ Pr"sure~" T,me I pOI. ~" Time psi. e", Time ."
~ 0839,281 1097.50 ~ 131044 117450 05102192 18'35:23 119120

08:48'14 1087,40 13.19:29 118720 163820 1207,50
085659 ,~OO 13.28:15 1181.40 164113 119980
000545 ,~~ 13'37,01 11621i1O 16:4409 1103.90
091431 10751i1O 1345'43 1135,90 164706 1090.80
09,2313 1102,50 135428 118830 1649:88 1098 70
0931:88 1062.10 140314 1199.10 1652:55 110250
094044 ,-~ 14:11'59 1259.10 18.5651 ,~~
09'4929 107220 1420:45 1287 60 16'8844 ~.~
09:58.15 1074.70 14,29'31 1291.50 17:01:40 ~~
1007:01 1008.10 14,38'13 1205,00 17:04:33 m~
101543 1099.00 1446:58 1226,70 1707:30 914000
102428 110200 145544 11g2,20 1710.26 ~,~
10,3314 110410 15:04'29 124660 17,13'19 731700
104159 111800 15:1315 1289,20 171815 ,~~
105045 112140 1522,01 126170 17,1908 751.800
1059'31 112200 153043 124390 172204 750.600
II :06'13 113410 15 ::l9:28 1211.1iIO 11'2501 009.100
11:15'68 1128,10 1548,14 1190.80 17:27'56 525600
11:2544 114330 155659 1203.60 1730'50 ~~
11:34,29 1134,10 180321 1207.10 17,33'43 ~.~
11'43.15, 113530 1606:14 1217,6(1 17.38:39 m~
115201 11"'00 160910 119250 17.3938 ~.~
12'00'43 114690 1612,03 1209,10 17,42:2e 381 100
120928 115410 Ie 15:00 118900 17'45'25 ~.~
12'1814 113230 16:17.58 1170,00 17'4821 ~~
122659 112630 18'20:49 1206,20 175114 332.000
12:3545 114870 16:23'45 118920 17:54:10 ==\24431 1111430 182638 1176,50 175703 3288001
125313 116230 18:2934 1100.70 '"00001 o.
130158 116960 163231 HaaeO

11-1999 76 Saphir level 3 V2.20E



APPENDIX 2

Well bore Diagram of Sylhet 7
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O~ ~ Curren! as Current0,1 CurrontWater 00' CUM Gas CUMm CUM Wate, OILREC Gas REC AVGO, AVGGas
o Rate(MMCFID) Rate (STBID Rats (BBUD SCFISTB PROD MMCF PROD (MMSTBI ROD MMBBLS % % ate (STBID) Rate (MMCFID

17-Nov-1l3 2163 0.272 91.27 10,67 2982,757 1267 116 0,274 O~. 1 292 7762 91.27 0,272
17.00c-93 2193 0268 9082 "M 2946.956 1275 148 0277 0028 1 305 7.811 9082 a.2M
17 .Jan.94 2224 O~, 9036 10 61 2909.449 1283.295 0.28 0028 1 318 7.881 9036 O~,
17-Feo.94 2255 0258 89.91 10,58 2872 &\3 1291303 0.283 0.029 U32 '" 8991 0258
17-Ma,-94 2283 025. 89.52 10.56 2840,978 1298424 0,285 0029 1.343 7954 6952 0254
17-Apr-1/4 2314 '" 89,07 1053 2803,699 1306166 0,28e 0029 1 356 8 001 89,07 0.25
17-May-94 2344 0246 aa 66 10.5 2770.007 1313533 "'" ""' 1 369 8047 8866 0246
17.,Jun_94 2375 o 241 8824 1047 2736785 1321,02 0.293 0,03 1 382 8.092 88.24 0.242
17.Jul.94 2405 0241 •• 1045 2740188 1328254 0.298 ""' 1 :)94 8,1:)7 •• 0.241
17-Au(l-94 ".. 0.232 87,39 1042 2653,139 1335442 0,299 ""' 1,407 8 181 ." 0232
17-Sep-94 ,~, 0229 87,02 1039 2834,425 13<12549 0301 0,031 '" .~,87,02 0,229
17.0cH14 2497 0229 8879 10,37 2838.891 1349415 0304 0031 1,432 8266 8879 0229
17-No •• !14 2528 0221 86.25 10 :)4 256347 1356.268 0307 o 031 ,"' 8,308 8625 0221
16-Dec-94 2557 0222 86.07 10.32 2580444 1362709 0.309 0.032 1 456 8.348 8607 0222

"
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"" Time Current a. CurrentO,! urrent Wate, G" CUMGas CUM 0,1 CUM Water OIL REC Gas REC AVGOII AVGGas

" " MMCFID) Rate (STBID Rate {BBUD SCFISTB PROD MMCF PROD (MMSTB PROD MMB6LS • % Rate STBID) Rate (MMCFID
17-Aug.90 m 0"' ". 1327 335.55 98.148 0285 0014 1.1 S4 o 717 ". ".17-Sep.90 ,"00 ". 26789 13 16 335,217 100.932 "'~ 0014 1.188 0738 267.99 0,09
17 -Oct-90 1036 0089 2668 '3 05 334895 103613 ,,~ 0.015 ,~0.757 '00' 0,069
17.Nov-90 '00' o OB9 26571 1295 334.577 106,369 0.31 0,015 1 254 0777 265.71 0039
17-Deo.90 1097 0088 264,63 1284 334,268 109 022 0318 0,015 1 266 0797 21>4,63 0.088
17-J.n.91 1128 o oaa 26355 1274 333,961 111.751 0.326 0016 1 319 0817 "'~ 0088
17-Feb.91 1159 0086 262.4G 12 S4 333657 114465 0.3:>4 Q 016 1 352 o S37 262.46 0088
17-",",-91 1187 0,057 261 42 12.55 333.372 116,900 ,~, 0017 1 381 0854 261A3 0,087
17'Apr-91 1218 0087 26038 1245 333087 119594 0.35 0017 1 414 0874 26038 0.087
17-May-'ill 1248 0.086 259,33 ,,~332,803 122.184 0357 0017 1,445 0893 259,33 0.086
17-Jun_91 1279 0.086 258.28 "" 33252 124846 0365 0018 lA78 0,912 25828 0,086
17-Ju~91 1309 0,085 257.23 12 17 332.243 127,41 0.373 0018 1.509 o 931 25723 0085
17-Aug-91 ,~o 0085 256,18 12.08 331 967 130046 0381 0.018 1.541 "" 256.18 0085
17_Sop_91 1371 0085 255,13 11 99 331 693 132.669 0,389 0019 1 573 "" 25513 0085
17-0et_91 1401 ,,~ 25413 11.91 331435 135,196 0397 0019 1S04 0988 25413 0.084
17-Nov-91 1432 0084 2531 11 83 331.17 137795 OA04 CO, 1.636 1 007 2531 ,,~
17_000091 ,~, 0083 25209 11.75 330.911 140297 0412 0.02 ,"00 1-025 252.09 0,083
17-Jan-92 1493 0,083 25111 11 67 330863 142871 OA2 0.02 1 698 1.044 251.11 0063
17-Fob-92 1524 0083 ,~, 11 59 330,406 145A33 0,428 0021 1.729 1 063 2501 0.083
17.Mar_92 1553 0.082 24913 11 61 330161 147818 OA35 0021 1 758 ", 24913 0.082
17-Ap'-9:2 1584 0,082 248.16 11 44 329917 150356 OA42 0,021 1.789 1 099 248,16 0082
17'May-92 1614 0081 247,13 11.36 329.653 152.8 0,45 0.022 1 819 1 117 247.13 0,081
17.Jun-92 'M' o 081 24611 11 29 329395 155,313 0457 0.022 '" 1.135 24611 o 081
17-Jul-92 1675 0081 245.1 11,22 329,143 157.734 0,485 0022 ,~1.153 24511 0.081
17_Aug-'il2 "00 '"' 244.1 11 15 328893 180.222 0472 0023 '" 1.171 244 1 0,08
17-Sep_92 1737 CO" 243.05 11 08 328.626 162,698 '" 0023 1.941 1 189 243,05 '"17-Oet-9:2 1787 0079 24202 11.01 328.368 185083 0,487 o ~, 1.97 1206 242.02 0079
17-Nov-92 1798 0079 '" 10.95 328,111 167.534 0,495 0.024 2,001 1.224 '" 0,079
17_DeOo92,~. 0079 23998 1088 327859 169.894 0502 0024 '" 1,242 23998 0.079
17.Jan_93 1859 0.078 238.87 10,82 327609 172,321 0.509 0,024 '" 1 259 238,97 0078
17-Feb-93 1890 0,078 237.96 10,76 327.358 174736 0.517 0,025 2.089 12n 237,96 0078
17-Ma,-93 1918 0078 237,01 '" 327,123 176907 0,523 o ~, 2.116 1 293 m 0,078
17-Apr-93 1949 Don 236,05 1084 32$,891 1792119 0,531 0.025 ,,~ 1.31 236.05 oon
17-May-93 1979 oon 23507 1058 326 654 181.603 0538 "" 2 174 1.327 23507 o.on
17-Jun.93 2010 0076 234.1 10,53 328418 183971 0.545 0,026 "M ,,« ,~, 0076
17-Jul-93 2040 0076 23314 1047 326.186 186 253 0,552 "" 2,232 ,~, 233 14 0,076
17_Aug_93~" 0076 23217 10A1 325952 188599 0559 0027 2.261 1.378 232.17 0076
17-Sep.-93 ,,~ 0,075 231 2 ,,~325715 190.933 o ~" 0027 '" 1395 231.2 0.075
17-0et-93 2132 0075 230,2" '" 325A84 193.181 0,573 0027 2,318 1 412 23024 0075

'"
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