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ABSTRACT

In a reservoir engineering study, pressure transient analysis and reservoir simulation are VETY
important to know different reservoir information and predict future production performance.
This study uses pressure transient amalysis soltware SAPHIR and simulation software
EXODUS to find out reservoir characteristics and production scenarios of Haripur oil field. A
resetvont model has been built bath for pressure transient analysis and reservoir simulation
Two different cases have been simulated to study the possibility of a gas cap. The reservoir
model (akes into account the high viscosity effect, wellbore storape, skin, heavier

hydrocarbon, wax accumnulation inside the tubing and different possible inner and outer

boundary conditions.

The model has been validaied by comparing the results of the pressure transient analysis with
those of TKM analysis published in the literature Also the simulation resuits have been
verified by comparing total simulated production from the Haripur | (Sylhet 7) with the

actual production until its production stopped an the 14" al Tuly, 1994

The pressure transient analvsis has yiclded the wellbore storage coelficient, permeabity,
reservolr capacity and skin factor which are very close to those obtained from the IKM study,
[n the simulatwn study, the well has produced al much lower flowrates than the actual
flowrates, but the total production figures are very close From the simulation study, it has
been established that initially the reservoir has no gas cap The causes of the production

stoppage have also been analyzed using the available information in the titerature
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Chapter |

INTRODUCTION

Sound reservoir engineering judgement and techniques in identifying the reservoir
characteristics and controlling the production play a significant role to mect the present
demand and maximize the gas or oil recovery rom the reservoir, The scope of a reservoir
engineering study includes a detailed integrated approach The study uscs alt core data,
PVT studies, production and pressure daia to develop a description of the reservoir rock
and fluid propertics, well test analysis, history matching, future rescrvoir performance

and production forccasting assuming alternative development and opcrating scenarios

Only ane o1l field was discovered in the upper Bhuban formation in Sylhet. The ficid was
developed by drilling only one well, known as Sylhet 7 or Haripur 1. The well was on
triai production from 1987 and total withdrawal from the poot was 636956 standard tank
barrel oil (63 MMSTR) and 891.57 miltion standard cubic feet (892 MMSCF) of
associated pas L?-ut this ol ficld is not producing any ienger The production from this
field has stopped since the 14™ of July, 1994 Previous studics have shown that the

praduction ¢ceased due to the wax formation in the wellbore,

The focus of this study is well test analysis of Haripur oil field using a pressure transient
analysis sofiwarc and reservoir performance and production forecasting using a
commercial simulator. Information hke reservoir pressure. permeability, porosity,

reservolr heterogeneity. wetlbore volume, wellbore damage or improvement and other

3



relevant information may be obtained from the pressure transient analysis Al these
information can be used 1n reservoir simulation to assist in analyzing, improving and

forecasting reservoir performance and reservoir drive mechanism

The pressure data from the pressure survey conducted by TKM (1993) is used for creating
log-log. semi-log pressure and pressurc derivatives plols Well data and reservoir
propertics have been taken from the studies of Khan et al {1991 ). Arafin et al. {1991} and
Whitmee (1987). The simulation of the reservoir has been conducted using the EXODUS
in a three-dimensional reservoir model, Also. all the existing documents have been

analyzed to asceriain the causes of the production sloppage



Chapter 2

LITERATURE REVIEW

2.1 Field Data and Propertics

Availability of field data and rescrvoir properties has been a great problem for Harnpur

field. Available ficld data and reservair properties arc described below.
2.1.1 History of drilling

The old Sylhet gas fields, discovered in the lifiles by Burma il Company (BQC) and
Pakistan Petroleum Ltd (Whitmee, 1987) were made on a culntinalion in the north-east
part of the major Sylhet-Kailashtila uplifl According to surface geological mapping by
BOC, gas was discovered in Boka Bil sands beneath the Upper Marine Shale. Six wells
were drilted in the field by Pakistan Petroleun: Limited {PPL). Only two {well 3 and well

fr) were completed as gas producers Here field history of all wells have summarized

Hiven below:

Sylhet t was drilled in 1955 1o a depth of 2377 meters Duc to mechanical difficulties the
casing of the well blew out of control, 1gnited and destrayed the rig. which later sank into

the crater and is now below water
Sylhet 2 was drilled to 2818 m in 1956, located southwest of Sylhet 1 Tt ran into an

abnormally pressured sand below 1750 & and was hurriedly abandoned to aveid aoy

possible blowout.



Sylhet 3 was dnlled 300 m nonth-east of Sylhet | in 1957 The hole was drilled to 1675 m
but because of mechanical difficulties il was not drilied any further and completed in the
intervals above 1338 m

Sylhet 4 was drilled 400 m north-east of Sylhet 1 in 1962. The well blew oul at 315 m
and was abandonecd

Sylhet 5 was drilled as an observation well, 350 m north-west of Sylhet | Tt was drilled
te 575 m and tested at 2.5 MMSCF of gas 1n the middle Tipam Sandstone.

Sylhel 6 was drilled in 1964 about 600 m north-wesi of Sylhet |, Dinfling continued to

1405 m and was completed in gas bearing sand,

The area was then further explored in the eightics by Petrobangla with the technical
assistance from the German Geological Gr(.uup. Oil was discovered in an upper Bhuban
reservolr in Haripur from well Sylhet 7 (Ilaripur 1) in Decernber 1986. The area was later
hcensed 1o Scimitar Oil Co. This operator did not carry out any additional seismic but
drilled the well Surma 1 about 600 m of south-west of Haripur ! As this well did not
confirm extension of the pool, the operalor plugeed back Surma 1 and drilled from that
depth an angled hole (Surma 1A). At the level of 200 m subsca, Surma A is located 600
m north-west of Haripur 1. As reported by the operator both Surma | (the vcriical une)

and Surma 1A (1he deviated one) were dry (Whitmee, 1987).

2.1.2 Structure

Sylhet is located in the central axis of large Surma DRasin geosyncline The Sylhet

anticline is an arcuate, slightly asymmetrical fuld, aligned south-west to north-east, The



asymmelry results in a progressive shifl of the crystat axis ol the anticline towards the

south-east wilh increasing depth

Final well report done by Oil and Mining Services (Whitmec, 1987) depicts that Haripur
115 located on the south-east shoulder at Tipam level with the crystal axis runmng

through Sylhet 4. At the upper Boka Bil, the crest lies berween Sylhet 1 and Haripur 1.

There 15 a surface expression of faull near Sylhet 4 and 6 but no indication of laulting 1s
recorded in Sylhet 7. Some significant varation in elevations at Tipam level suggests a
fault of small through may exist nearby [ is also depicted by contour map on top of oil
sand designed by Oil & Mining Services (Whitmee, 1987y in Figure 2 1. ane of the
consultants of Bangladesh Oit, Gas and Mining Corporation (BOGMC) 1n 1987 But, in
this study, a modified map of 1987 is taken from BPI Reportno 10 of Khan et af (1991),

which shows the latest contour map of Bhuban oil sand in Figure 2 2

Large scale barrier bar sand, a detrital bar at or immediately below the water level at a
bay mouth (baymouih bar} or parallel to a shore. exists at tidal ndge deposition of the
Boka Bil sands. A noticeable variation in thickness with the gverlying and intervening
shale beds has been found in this crystal, a plane face ligure representing any element or
compound of consisient composition Also. the sedimentary facies as seen in Haripur 1

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




Figure 2.1. Oil and Mining Services structure contour map of Bhuban oil sand (Boka Bil)
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2.1.3 Source rock

A sedimentary rock in which petroleum forms is source rock The source rock of entire
sequence from the Girujan clays down (o the Lower Boka Bil contains finely
disseminaied carbonaceous material, Both the Upper Boka Ril shale as well as the Lower
Boka Bil claystones exhibited finely disseminated wavey carbonaceous laminae. The
waxy 28.9 API oil recovered from sands ‘D’ 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 of Sylhet oil field area.

Table 2.1: Hydrocarbon zones of Haripur 1.

- Lone Met {m)
Tipam Upper 29
Tipam Middle 38
Tipam Lower i5
Boka Bil (Lipper) 65.7 (2 meters above well 1 and 1 5 m above well 6)
Boka Bil b (Middle) 11.5
Boka Bil ¢ (Lower) 71 (37 m above well 1}
Boka Bil d (Lower) -
Boka Bil e (Lower) -

Source Khan et al. (1991)



Table 2.2: Well dala of Haripur 1.

Name of Well Sylhet 7 (Hanpur 1)

Location Latitude | N 24 Deg 58’ 36.5
{Surface) Longitude | E 92 Deg02 240
Elevation  {Rolary Kelly Bushing) RKB | 18.27M

Ground level 1228 M
Total Depth 2065 Meter RKB

475.7 M into the Lower Boka Bil

Spud Date (Ceremomal} 12 September 1986
Days to reach total depth 86 days (7 December 1986)
In Sand Lower Boka Bil
Deviation Max, 2 degrees
BHT Max 145 degree F

Date of completion

11 January 1987

Days required to test and complete 24.5 days
Status of the Well (il Producer
Source: Khan et al. (1991)
Table 2.3, Fermation tops of Haripur 1.
Formation RTKB {m} BMSL {m) Thickness {m)
DIUJP! TILA Surface 12 (above MSL} | 102
TIPAM SERIES i32 0 114 981
Gurujan Clays | 132 0 il4 63
Upper Tipam | 195.0 177 132
Middle Tipam | 327.0 309 160.5
Lower Tipam | 487.5 4605 625.2
BOKA BIL SERIES | 11130 10947 952+
UFPPER BOKA BIL 1113.0 1004.7 1855
Upper Marine Shale | 1113 0 10947 83.8
Top *A’ Sand | 1196.8 1178 5 68.7
I.ower Shale | 1265.5 12472 31.0
MIDDLE BOKA BIL 1296.5 1278 2 202 8
Base ‘B’ Sand (Gas) | 1311.0 12927 14 5
LOWER BOKA BIL 15893 1571.0 475 7+
Upper Sequence | 1589.3 1571.0 154.7
Middle Sequence | 1744.0 1725.7 130
Lower Sequence | 1874.0 18557 191
‘C’ Sand | 1774-1957 1855.7-1938.7 83
‘I¥ Sand | 1904-1979 1945 7-1960.7 15
‘E’ Sand | 2009.5-2033 1991,2-2014.7 231.5
TOTAL DEPTH 2065.0 2046.7

Source: Khan et al {1991)




According to the report of Khan et al. (1991) Tipam sandstone series contain 393 m of
gas and Lower Tipam Sand contains 15 m of gas at the very top of the unit. In Bu.ka 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 lawer sequence
contains C, D and E sands which are hydrocarhon bearing ‘C sand contains 71 m of gas
bearing sand as determined by sand free test (SFT) which also showed large amount of
CO; and small amount of HO with brown-black waxy oil. Sand I} and E at 1982 5 m
exhibited slight light brown visible oil staining. SFT samples taken from (his sand

recovered 28 9 "APT waxy oil as well as gas and formation water with connate water

saturation at 2032 m.,
2.2 Fluid Compaosition

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
reservont, Their study showed an initial solution gas-oil ratio, R; of 465 SCE/STB at 60°
F. Formation volume factor, B, is 1.224 A*/8CF and oil viscosity ranges from 0.832 to

T 568 cp at saturation pressurc to atmospheric pressure.

No liquid recavery reported in the production test report of September 1987 Cansisting
of roughly 90 64% methane, the reservoir gas is classified as a dry gas with 28 9 “API
gravity crude oil (Whitmee, 1987). Oil has high pour point, the temperature at which

crude oil will congeal or cease to fiow, (75 °F) and low viscosity due to high percentage

10



of wax about 9 6% (Whitmee, [987). It aiso contents littlc sediments. Table 2.4 shows

gas analysis results.

Table 2 4' Reservoir gas analysis results

(ras anaiysis (core lab} Percentage
H)5 {0.00
), 0.16
Nitrogen 0.11
Methane 90.67
Fthane 358
Propanc 1.66
[so-butane 0,39
n-butane 0 50
lso-pentanc 0.23
n-pentane 014
Hexanes 0.24
Heeptanes plus (C7) 232
Total 104,00

Source: Khan et al. (1991)

2.3 Reserve Estimation

Volumetric and material balance calculations were done by Oil and Mining Services,
Petrobangla and BPIL. Tnitial oil-in-place was estimated using pressurc and production
data till September 1987. Petrobangla geologisis had estimated the stock tank oil
originally in place (STOOIP) on volumetric basis to be of the order of 10 million stock
tank barrel of oit (MMSTB) (Khan et al., 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 Harpur is draimng a pool with a slightly smaller figurc of 8.2 miilion berrels of

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

11



than assumed n the Qil and Mining Services report Later, Arafin et al. (1991} of BPI

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

be between 15 93 MMSTR and 21.0 MMSTB. Table 2 5 shows different initial oil-in-

place estimates

Table 2.5 Estimated reserves of Haripur oil field.

Mcthod Oil-in-place reserve (MMSTB)
Oil and Mining Services Others
Volumetric 10.0 10 0 (Petrobangia)
Material balance 82 10.1612 and 15,3-21.0 (BPT)
Reservoir limit 8.6 -

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

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

12




Chapter 3

PROBLEM STATEMENT

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

producing any more Production was stopped in Junc, 1994,

The objecttve of this study is o analyze the well test data and use that information in
simulating the reservoir. Tt is important to find out actual oil reserve with the aid of
simulation as improved version of the struciural contour map of BPI (modified from

BOGMC map of 1987) is available

The primary objectives of this work are-

l. To conduct the well test analysis and find out necessary reservoir parameters and

compare the results with those of the 1IKM (1993) study

2 To simulate the reservoir and find out the total reserve and determine the reservair

drive mechanism

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

13



Chapter 4

METHODOLOGY OF ANALYSIS

The study 15 an extension of the work done by IKM in February 1993 which included
pressure transient analysis of Haripur ol and gas helds and the reserve estimation study
done jointly by Oil and Mining Services (Whitmee, 1987) and Bangladesh Petroleum

Institute (BPI) (Khan et al_, 1991},
4.1 Pressurc Data Analysis

The data was recorded using Amerada pressure gauges due Lo the non availability of
electronic gavpe in Bangiadesh at that time. Later, the pressure history was recorded
using electronic gauge by Intercomp-Kanata Management Lid. (IKM} in 1993 In this
study, only pressure data of IKM (1993) have becn used for well test analysis and

compared the results with those of TKM

In TKM well test analysis, some basic data like well flow rate and reservoir rock and Muid
propertics (especially for net pay, porosity, nel/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 laken from vl and Mining Services and BPI repons

Those data arc shown in Table 4 |

14
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Table 4.1: Diflerent parameters of Haripur oil tield

Parameters Low High
Thickness {n1) 33.000 37 000
Net/Gross 0 500 0 600
Porosity 0 145 0.150
(1-5w) 0.500 0.65
Interval (m) 2054.5 2009
Water Saturation (Fraction) 498

Source' Arafin ct al. (1991) and Whitmee {1987)

Using the above rock and (uid data, pressure survey data of Haripur 1 have been

analyzed.
4.2 Reservoir Simulation

Reservoir simulation is a useful tool for understanding the reservoir performance and
production forecasting. Earlier reserve cstimation and production farecasting were done
by Oil and Mining Serviccs (Whitmee, 1987) and BPI {Khan et al, 1991) by hand
calculation But no simulation using compuler 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 betier seismic data are available. In this study, the simulation has been
conducted usmg a three dimensional compositional model which has features like

treatment of variable bubble points and mixing of different PVT regions

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

BPi report no 10 of Khan et al 1991, BPI repor no. 11 of Arafin et al. 1991, siudy of

Whitmee (1987) and Price (1587).

15



Table 4.2: Fluid PVT properties of Haripur 1.

PVT propertics

Rescrvoir Pressure 2504 psig
Reservoir Temperature 162 °F
Separation Temperature 144 'F
Separation Pressure 75 psig

Z at 2904 psig {(.8530

Gas gravity 0.6826

r, 3774279 R
P 660 2033 psi

B, at 2904 psig

00051 cuffsef

B, at 2904 psig

1 2524 rbbl/stbbl

Pbp 2968 psig
B, at Bubble point pressure 1.2567
Tank oil gravity solution GOR at 2904 psig | 27 6 APT

Source: Khan et al (19913, Arafin et al (1991). Whitmee {1987} and Price {1987}

16




Chapter §

PRESSURE TRANSIENT ANALYSIS

The application of pressure transicnt theory through computer assisted techmgques allows
for the exact compensation lor previous production 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 evatuation was restricted to Lower Boka Bil sand.

The information was almost complete for detail review.

5.1 Theery of Pressure Transient Analysis

The dilferential equation for fAuid flow through a porous medium, alsa known as the

diffusivity equation is given by:

e 1 g
o rdr 00002637 k& &
Matthews’ and Russell (1967) presented a dertvation of equation 5.1 1 and pointed out
the assumptions as' horizontal flow, negligible gravity eflects, a homogeneous and
1sentropic porous medium, a single fluid of small and constant compressibiiity, and
applicability of Darcy’s law, and that u, £ . ¢ and ¢, and are independent of pressure, As

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

equation 5.1 1 is linear and readily solved,

17



Ifp, &, ¢ and ¢, are strong function of pressure, or if varying multiple fluid saturation

exists, equation 5.1.! becomes non-linear and its sclution becomes much more

complicated.

To solve this equation pscudo-pressure and pseudo-time approach is used. Gas viscosity
and density vary signilicantly with pressure, so the assumptions of equation 5.1.1 are not
satisfied for pas systems and the equation does not apply directly to gas (low in porous

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

» P
as mipm=2 ——
) Ps p{ pyzi o)

dp, wherc p, is an arbitrary base pressure and z(p)is Has
deviation factor at that pressure In very tight formations the use of m(yalone is not
suflicient to linearize the flow equations becausc if the large Ap at the beginning of the
test, the gas compressibility is changing significantly In this situation it is also necessary

to teplace the time with a pseudo function, the *pseudo-time’, usually noted ¢, and

defined as.

bdr o . )

! eris = I— . where 7 is time of consideration.
o My

5.1.1 Pressure Drawdown Testing Solution

The first significant transient event at a production well is the initial production period
that results in a pressure drawdown at the formation face, Properly run drawdown tests

may provide information ahout formation permeability, skin factor and reservoir volume

communicating with the well



The pressure at a well producing at a constant rate in an infinite-acting reservoir is given

by (Earlougher, 1977):

p,—p{:,r}:]4].2%‘E[p,,{Iﬂ,rmt’?ulger;rmerry, B . 70 I
or,
P-P :t4|-2%{pn“n B 513

where the initial reservoir pressure is p,. The dimensionless pressure (p,) al the well

(7, =1} is given by the exponential-integral solution to the llow equation is,

[ , —F. 1 3
pD(I”,rﬂ}=—E£r[ﬁ]:E[]n{rnh'”’+ﬂ.8ﬁ]90?].. . 3 Y
ot,

P :%[In[rn}+ﬂ8D9DT]._ ........... T I

When ¢, /7" =100 and afier wellbore storage effects have diminished Dimensionless
time {¢,,)is given by

. _ 0-00026374t

o 2
é.'iﬂj' 'rlq

Equations 5.1.3 through 5 1.6 may be combined and rearranged to a famliar form of the

pressure drawdown eqguation’

162 .6g8 1
=p, —————[logt +lo

" w

)-32275+086859s] . ... . ..517

Equanon 5.1 7 describes a straight-line relationship between P, and log¢ By grouping

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



Poe=mlogi+ B, 0 = Y.

Here, from the semi-log plot, Pyrslogr, slope of the semi-log straight line m is

_162.6¢qBu

determined by, m=
© Y i

and the formation permeability & is estimated from

_162.6qRu and clearly, E’. kh or -'i also may be determined.
mh H M

k=

The skin factor s is determined by,

s=1 151320 TP jop * ) +32275] .
n LK F

W

>.1.2 Pressure Buildup Testing Solution

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 afler shut-in (Earlougher, 1677}

141 298

P =D m {pplll, + &) - ol 3t . C e 321

where p,, is the dimensionless-pressure function, » 185 the equivalent time well was on

production  or injection before shut-in  and Af, 18 as defined by

_ 00002637kA1

e, A . -

During the infinite acting time period, after wellbore storage elfects have diminished, and
assuming that there is no major, induced fracturc, then, P, in equation 5 1 | may be

replaced by the logarithmic approximation ta the exponential integral {cquation 5.1 4),

20



P”-]E(Infﬂ+[}8[]90?). e o, 823

Equation 3.2.3 applies when ¢,> 100. By using equation 5.2.2 and equation 523,
equation 5.1 1 may be rewritten as;

rp+m

P.. = p —mlogl Yoo e e e i o 524

Equation 5 2 4 describes straight line with intercept p, and slope — m, where

162 6g¢fH
m = 0 £

C e e L5325
kh

which is the same as in the pressure drawdown test.

Average reservoir pressure in an infinite acting reservoir (p° = p = p) may be estimated
by extrapolating the straight-line portion of a Homer plot, p_ vs [{r, + Af)/ At] plot which
have a straight line section with slope ~ m, for a shut-in well to [, + AN A = 1

Average reservoir pressure of a finite reservoir can be estimated following the method of
Miller, Dyes and Hutchinson (MDH) from MDH data plot ¢ P, vslogAf) when ¢, <t

(Earlougher, 1977)

Equation 524 indicates that a plot of observed shut-in buttomhoie pressure, p,

vslog[(7, + Af)/ Af]should have a straight-line portion with slop — s that can be used to

estimate reservoir permeability,

_ 162.6qH

& e e e,
mh

.20
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Skin may be estimated from the buildup test data and the following pressure immediately
- ]

before the buildup test

y=11513

= (A=)
Piw ~ P }—Iog{ d “}4+32275) .. .. .. b 8527
m eic,r,”

T

Wellbore storage 1s computed trom the slope m as (SAPTHIR operating maiual V2 20E,
1992):

[ h:l‘ar.lr.l'r]
C= k —whereCM =230 1528

mx[f”;“h@-]xﬂfﬂf % dohr,

The cquation for different regimes are expressed in a form independent of tiie fluid type,

. i I
as a function of 'I;;"’ and -~k

: 0.0 . )
Here, [31"‘"”"] = 9?224 is for in all cases, '

k puC’r,

{ }'.,:r ih 1 : . "
And [—22])" = ——— for single-phase oil and
kh 141 2g8
P'Jar\cﬁ i pl l- . .

= ) e = ——— for multiphasc (SAPHIR operating manuat, 1992},

kh T 14124

Homner plot is used to find out permeability and skin factor where equivalent time (£,)is

241 .
used. Here, 7, = =, where V_ is the cumulative volume produced since the last
q

pressure equalization and ¢ is the constant rate just before shui in.
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5.2 Pressure Test Data

Pressurc test data collected by IKM in 1593 are used for creating plots of cartesian or
type-curve {simulation), semi-log, log-log (pressure/derivative profile plot), and Horner

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

transient analysis

Appendix 1 shows the TKM (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 reporis (Whitmee, 1987},

The matching of the test build up data has been considered with 2 simple model. This
model represents the behavior of a well with wellbore storage and skin in a

homogeneous, infinite-acting reservair of infinitc laleral extent.

There were three flow periods. The IKM (1993) collected the pressure data for 48,5920
hr at a rate of 155 STB/day then stopped for 71.8580 hr and then agzin data collected for

17 6170 hours at the rate of 155 STB/day, which had been taken at 2 depth of 6609 70

feet

In IKM analysis {luid properies 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 SAPHIR data requirements. Test type is standard and

input test parameters and PVT informations are given below according to Table 5 1.
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Table 5 1: Pressure transient analysis input data.

Reservolr parameters Value Reservoir parameters Value

Porosity (#) 0.1475 Formation votume factor (B) | 1.2524 A%SCF

Well radius {7, ) 0292 f Total compressibility (¢} 1.4564E-5
—Pa}r zone (A) 101 68 #i Viscosity (u) 1 2¢p.

The temperaturc of the formation was taken as 162 T

3.3 Transient Analysis and Results

The pressure transicnt data from all drawdown and build up periods have been accurately
examined for the pressure dependent changes in gas viscosity and compressibility factor,
all the pressure data have been transformed to pseudo-pressure, by tnitial functions within

the program

The pressure data from both gauges are compared in terms of pressurg, pressure and Now
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 up 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 straight-line
section with slope —m . Straight Line appears afier wellbore damage and storage elfects

have dimimished

The log-log pressure/derivative profile of dpand dp’[psia] vs o [hr] is shown in Figure

5.3. This shows the relationstup between pressure and pressure derivative with
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Figure 5 1 Simulation (cartesian plot) profile of build up and drawdown test
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Figure 5 2: Semi-log plot of Haripur oil field pressure data with early time match
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Tigure 5.3, Pressure and pressure derivative plot on Log-log plane
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Figure 5.4 Horner (flexible) plot with one line match with late time match
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time for the o1l bearing sand The unit slope itustrated in the log-log diagnostic plot in
Figure 5.3 characterizes the well bore storage dominated Now period. The unit slope line
is followed by a transition flow period, which is followed by the infinite-acting, radial-
Aow period. The infinite-acting, radial-Mlow 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 analysis, a generalized Homer diagnostic plot for the build-up period,
P v log[(r, + AN/ AC] is set out in Figure 5 4, providing insights into the test
behavior. ARer dissipation of wellbare storage and skin effect, the pressure at the gauge

tevel actualfly 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 if this figure.

From all the above curve analysis reservoir properiies are found. In this regard, the log-
log plot uses early time pressure data whereas Horner piot uses late time pressure data.

Thus, slope of semi-log is 155 psia‘cycle and that of Homer is —152 944 psia/cycle. The

main test results are provided in Table 5.2,
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Table 5.2: Pressure transicnt analysis results of Haripur oil field"

Parameters Result
Type curve Build up

Initial pressure {p,), psia 2460.68 246068
Reservoir Capacity (&), md.ft 321 248
Permeability (4), md 316 243
Wellbore Storage Coefficient, $STB/psi |0 00595 0 00595
Mobility (&/ ), psia 263 263
Skin Factor (5) 641 4.00
Time match, 1/hr 13.3 -
Pressure match, 1/psia 0.00977 0.00742
Pressure { p Jat df = 0, psta 1092.3 10923

The 1mpartant resuits 1o note about the analysis are the average reservoir permeability,
243 md and apparent skin factor, +4.00. The absolute magnitude of each variable is
highly dependent on the slope of the straight fine. While the results are indicative of the
measured transient behavior. a minute suppression of the pressure build up through

thermal transients could result in higher calcylated permeability than that exists in the

TESErVoIr.

The init1al reservoir pressure of the sand was determined in this study 1s 2460 68 psia.

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

Services (Whitmee, 1987) found it around 2927 psia.
5.4 Comparisen of Results of SAPHIR with those of IKM Analysis

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

and Oil and Mining Services {Whitmee, 1987), whereas in KM (1593) study most of
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those data was assumed, So there is a variation in data as well in results A companson of

resufts is shown in Table 5 3,

Tabie 5.3 Comparison of results in Pressure transient analysis with TKM.

SAPHIR IKM workbench

Properties Serm-Log Type-curve Homer

{Simulation )
Reservorr Homogeneous | Homogeneous Homogeneous | Homogeneous
Boundary Infinite Infinite Infinite Infirate
Well Storage & skin | Storage & skin | Storage & skin Storage & skin
(C (STB/psi) |0 00595 {.00595 - 0.006564
7. {psta) 2460 68 2460 68 2460.68 2468 922
7 () - 186 - 161
gh{md.fi) 244 321 248 251
Skin (s) 3.86 6.41 4.0 4.1
k (md) 2.4 3,16 2 43 2.19

The estimated permeabilities 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 (1591} was 2.19 md Similarly the skin factors estimated from this study are 3.86,

641 and 4.0 using semi-log, type-curve and Homer analysis, respectively. TKM (1991)

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

tesults 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.
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Chapter 6

SIMULATION STUDIES

The reservorr 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 400, 1997) is a general purpose
compasitional model for simulating black oil, gas or gas condensate, and volatile oil
reservois, The compositional formulation of the model accurately represents the phase
behavior for the treatment of variable points of P¥T regions, tracer tracking and
differentiation of injected and in place Muids The transfer of any component berwesn: the
oil, gas and water phases is caleulated using equilibrium ratios. In this model black oil

data are internaily converted te compositional models.

The program can simulate problems in one, two or three dimensions using either
rectangular (x-y-z} or cylindrical (r-9-z) coordinates, with any combination of cil, gas or

water phases, and characterizing the reservoir fluid into one or mare components.
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Interblock mass transfer is represented by Darcy’s law with relative permeability,
capillary pressure and gravity effects. The reservoir description capability includes
naturally fractured and communicating faulted reservoirs Dual porosity/dual
permeability reservoirs may be simulated. The model also allows special connection of
non-neighborng 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 will 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 mode] is a fully implicit, three dimensional, multi-component model for
simulaling isothermal processes. The finite difference formulation is a block centersd
approximation to the partial differential equations. In addition to five and nine point finite
difference approximations, the mode! allows the linking of any pair of grid cetls for mass

transfer,

In finite difference formulation a partial differential equation is converied te 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
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boundary condilions are also converted to a corresponding finite difference equation.

These result in a set of aigebraic 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 N

COMPONnents

Component balance. i=1,2 .. ... N

o k X . I/’ A

3 v[f_m_M(M + AP —m;)} =5 2y p,,S,,Xm]ﬂ;, PRI - 1 I
=1 Frm =l

where the terms are : T = transmissibility; k, = relative permeability; AP = pressure
drop, AP.= capillary pressure drop, v = specilic gravity, V= volume; At= iength of

timestep,  p = density, g, = production rate

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

phases, e.g , ol and gas :

Yo=K X L e e L e S < N

where y; is the mole fraction of component, i, in the gas phase, K, is the interface mass
transfer coeflicient 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,
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e
DA =100 e e e 6,13

il
A saturation constraint equation

N,

3 8. =1.0, completes the equation set

6.3 Model Configuration and Reservoir Grid Description

Partial dufferential equations that describe fluid flow in reservoirs are solved numerically,
by discretising the differential equations with difference equations. To use difference
eguations, a reservoir is treated as if it is composed of discrele volume elements and
changes in conditions within each volume element are computed over each of many

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

The net isopach maps used in the model were prepared and modificd trom BOGMC map

of 1987 (Khan ct al | 1990).

A three-dimensional 25%7%5-grid is shown in Fi pure 0 1 and prid-mode] of the contour
map with a net pay zone of 2020-2040 m used for simulation and production forecast as

shown in Figure 6 2.

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

IKM (1993). The interval is between 6628 and 6670 R as shown in Appendix 2.
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Figure 6.1. Model grid system with 25%7x5 grid used in Lower Boka Bit Sand
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Figure 6.2 Net pay isopach map of Lower Boka Bil Sand with grid q
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6.4 Simulation Input Parameters

Most of the input parameters used in this study are taken Fom the previous studies
conducted by BPT (Khan, 1991). The rock end fuid properties have been assumed
uniform throughout the model. The necessary input data for the simulation study have
been compiled from geological and geophysical study (Whitmee, 1987), core-analysis
(Price, 1987), well-log analysis, weli-test results compiled by BPI {Khan et al., 1991 and
Arafin et al, 1991), 1KM (1993) and from this pressure transient analysis. SGFL

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

procedure,

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

dilferent input data, required by the simulator.

Table 6.1 Differential vaporization at various reservoir pressure.

Pressure | Solution | Relative Oil Deviathion Gas 0il Calculate
psig Gas/Dil Tenal Density Faclor Formation | wviscosity d Gas
Ratio | Volome | gm/ce Z Yolume {cp) Viscosity
Factor {cp)
2913 465 1.224 {17784 (832
2350 376 1.152 0,760 (1881 0.00653 1. R3O 0.0175
1800 289 1. 14l (IR0 (1R 1,38 0.00858 0.974 30160
1250 203 1.128 0.8104 | 0010 (01261 1.105 00147
700 118 1.097 0.8234 | 0943 0.0231] 1.268 {.0136
240 46 1.068 0.8367 | 0976 0 06707 1 661 00128
0 0 1.044 0. 8438 1 568

Gravity of Residual Oil =28.5 ° AP1 @ 60 °F

Source Khan ct al {1991)
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6.4.1 P¥T properties

Reservoir (luid properties have been taken from BPI report (Khan et al., 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 Ib/cuft and bubble point pressure

as 2913.73 psia and the surface water demsity is taken as 63.022 Ib/cufl from BPI Teport

13 (Khan et al,, 1991)

Table 6.2 PVT properties at different pressure.

B, tb/stb | R, SCF/STR B, reffsef | o, cp | ppcp Bu rb/stb | uy cp
1 0936 47 0.0466 | 3.7959 | 0.0129 1.01302 0 444
1.1048 15 0.0294 3 2300 0.0132 1.01118 G.444
1.1164 105 6.0212 | 28056 | 0.0135 1.01059 0.444
1.1283 136 b 0laes 24784 00130 1 G0S37 0.444
1.1404 167 0.0134 | 22197 | 0.0143 1.00815 0 444
1 1527 198 00112 20105 0.0148 1.006%4 0.444
11652 230 0.0097 1.8382 | 0.0153 1.00572 {0 444
11779 263 .008S 1.6940 | 0.0159 1.00450 {0 444
1. 1906 296 0.0076 1.5716 00165 1.00329 (.444
1.2035 329 0.0068 1.4666 0.0172 1.00207 0.444
1.2166 el 0.0063 1.3754 0.0179 1.00000 0.444
1.2297 396 0 D058 [.2956 0.0186 1.00000 0.444
1.2425 430 0 0054 12257 0.0193 1 00000 0.444
1.2524 454 0.0051 0.8320 0.0200 1 00000 0444
1 2500 460) 0 0049 11100 0 0201 1 GO00G 0.444
1.2444 463 00047 1. 1603 0.0203 1.00000 0444
1,2435 483 00045 1.1700 0.0205 100000 0 444

Source: Khan et al. (1991), Amfin et al., (1991) and Whitmee {1987)

6.4.2 Relative permeability and Capillary pressure

Irreducible water saturation and residual gas saturation are iaken to be 0.22 and .3,

respectively (Whitmee, 1987). Capillary pressure and relative permeability data are not
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avallable and these values have been calculated using Honarpour correlations. So
Honarpour correlation (EXODUS V 4 00, 1957) was used Lo prepare a saturation function
data which is shown in Table 63A and 6 3B. Assuming lithology and wertability as
sandstone and conglomerate water-wet, respectively. Other properites have been taken as
connate waler saturation {sw.} is 0 2, residual oil-water saturation (ser.) is 0,25, connate
Bas saturation (sg) is 0 1, residual gas-oil saturation (8y) is 0.2, residual gas permeability
[k{Sore?] as 1.0 and absolute ock permeability k (air) is 614 md. Using these data water

saturation (s.,), liquid saturation (s)), residual water permeability (k) and residual gas
| permeability (krg) have been obtained Parameter for regression analysis of the K. tabie
value {p.r km ) and parameter for regression analysis of the k. table value (par keow ) is
zero. Also, parameter for regression analysis of the k., table value (Par kewand parameter

for regression analysis of the k. table value {p, Keou) 15 zeTO.

Table 6.3A: Saturation function data

Sw ke Koo Pow (psia) Dar Kew Pur Krow
020000 | 0 i 7 0 0
02423] 0.00287 0. 71602 4 0 0
0.28462 0.00596 {.54974 3 1] G
0.32692 00094 | 041661 2.5 O O
036923 001341 031166 2 G 0
041159 0.01519 0.23026 1.5 0 0
045385 002408 0.16817 ' 1 0 0
049615 003143 012152 0.5 0 0
3 53846 0.04072 008683 (.25 L§] 0
0.58077 0.05246 006103 0 0 0
062308 0.06727 004145 O 0 f
) 66538 0.08585 002586 0 0 4]
0 70759 0 10890 0.01247 0 0 ]

075 013756 i) L] 0 ]

1 247710 i) [} { £
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Table 6 38B: Saturation function data.

Gl k_rg_ kmg Do {psia) * Par Keg Par k_fﬂﬂ__
0.2 0.77992 0 3% 0 0
04 030416 0 3.5 0 0

0.425 D.32191 0.00001 3 0 H
045 0.28184 0 00007 25 0 0
0.475 {24392 D.00021 2 0 0
0.5 0.20817 0.00054 1.5 D D

0.525 0.17458 DOool1G 1 D 0
D.55 0.14315 .00225 0.5 0 0
0.575 011389 0 00404 0.2 0 D
g6 0.08679 0.00683 0 0 0

0.625 0.06185 0.01102 0 0 D
0.65 0.03907 00171 0 0 0
D 675 0 01845 0.02568 0 0 0
0.7 0 0.03753 Q0 0 0

] 0 ] 0 0 0

6.4.3 Reservoir parameters

Thickness of the different layers of the sands is obtained from the net 1sopach map and

BPI Report no. 10 (Khan et al., 1991). Dead oil viscosity and bubble point viscosity have

been taken as 5 3444 cp and 1.1603 cp, respectively. Average thickness, well diameter,

porusity, skin factor, permeability and initial pressure values have been obtained fom the

well completion reports compiled by Arafin ei al. {1991), Whitmee (1987 and pressure

transient analysis results These values are shown in Table 4.1 and Table 6.4,
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Table & 4' Reservoir input parameters.

Parameter Value
Layer1 | Layer2 | Layer3 Layer4 | Layer5

Tand J Grid distance () 863,55
Net thickness (ft) 4.10 492 492 5.74 574
Gross thickness (&) 16 40 19.68 19.68 2296 22,86
Top depth () 638932 | 660592 | 662560 | 664578 6691.20
X, Y and Z permeability (k) £8.5
Initial datum pressure {psi} 2460.68
Initial saturation pressure {psi} 2927.73
Rock compressibility, 1/psi 0.00600523
Initial water saturation 0.25
Inutial gas saturation 0.20

Source Khan ct al {1991). Arafin et al. {1991) and Whitmee (1987}

6.5 Reservoir Scenarios

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

compasison of simulation model output but the annual production reports of Sylhet Gas

Field Limited (SGFL) have been taken into consideration.

A detailed graphical daia are provided in Appendix 3.

In this simulation study two reservoir scenarios are considered.

Case 1. Reservoir with a gas cap

Case Il' Reservoir without a pas cap
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6.5.1 Casc I: Reservoir with a gas cap

Reservoir contour map of the Lower Boka Bil is divided into 25%7x$ layers for
simulation. Input data are given according (o the data requirement of the simulator Since
gas cap 15 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, highest level where water saturation s 100 percent, has been considered at the

depth of 6700.00 fi (Khan et al., 1991),

Khan et al of BPT {1991) assumed that no gas cap initially existed in the oil bearing zone
but a 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 1,
Sylhet 2 and Sylhet 3. Alse 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 normal function of relative permeabilities,

From the results obtained from simulation run, on the 17" of Iuly, 1994 oil rate was
about 88 bbl/day with high GOR of 2740.168 SCF/STB and cumulative water production
of 003 MMBBL. But the cumulative cil production was only 0,296 MMSTB. This is
quite low as the reserve of STOOIP found by volumetric / material balance analysis
conducted by BPI and Oil and Mining Services, which is not less than 8 0 STOOIP. From
the latest production repor total oil withdrawal from the pool was 0.63 MMSTB on the

14% of July, 1994 So simulation results is much lower than the actual production.
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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 eutput of Case [

Comparisen of resuit is shown in Figure 6 3, 6.4 and 6.5 with actual oil, gas and GOR

production, respectively

1800

T
180000
19000
14000
13000 -

12000
110

il preduction (BB LManith)

Figure 6 3: Companson of Case | dil production results whh the actusl o preduclion

|—a— Case | With Ges o
Actugl —B— Auciual
preduction
Cma\
9338909555 078 T3 A993
%%5%55%55%&25%32:%32:%
Mxith

44



(Lo y

_H_Ed.zn_aﬂud.ﬂ__n
11111

ISk} uononpeud 5]

BOGEEEEa s

A EREEX

(8151408} (ypoy) o0EY 0 sEn

BB~

43



In Figure 6.3, actual oil production is very much higher than that of Case 1. But at the end

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

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

output of Case I

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 thai the Case 1 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

MMBEBL

6.5.2 Case 11: Reserveir with no gas cap

BPImaterial balance calculations were done assuming no water influx and no gas cap for
the oil pool, In Case 1F simulation the same assumnptions, i e., no water influx and no gas

cap have been considered

Input dates were kepl the same as those of Case . There is no indication of £as cap in
Lower Boka Bil as predicted by Arafin et al of BPI (1991). So gas water contacl has
been assumed at 6700.00 i The gas-oil contact is considered at 6585.00 and water oil

contacts 15 considered at the same level a3 that considered in Case [
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This case shows higher cumulative production of oil than that of Case I. On the 17 of
July, 1994 the oil rate was 221.97 bbl/day with a lower raie of GOR 323.518 SCF/STB.
Lower GOR may result due to absence of gas cap. Cumulative water production is also
considerably low, which is 0.03 MMBBL. Cumulative Qil production is 0 635 MMSTB

Average gas rate is 0.072 MMCF/D. But cil 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
MMSTH and at that time gas production was 491.57 MMSCF (Khan et al 1991 ). In this
study on 17" of June, 1991, the cumulative il and #as productions were 0.373 MMSTB
and 127.41 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 6.6 Camperison of Case || 6l production results with the achud ail prodLcdion
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Production rate found in this model is similar to the aciual 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 Lhe
same. Later on the model output of Case 11 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

44



But model output doees not match properly throughout the whole production period This
might have happened duc to wax solidification in the tubing, which the simulator is

unable to model properly
Detailed results are provided in Appendix 5.

It 15 to be mentioned that the Case 17 stimulation 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 MMBBL.,
6.6 Comparison of Results for the Cases I and 11

Results of Case 1 and Case I have been analyzed. Case [ has shown that reservoir will
produce very high GOR, gas production and considerably very low oil production where
as Case [1 shows lower values for GOR, gas production and produce high oil production
At the end of sir!'mlatinn date (16™ of December, 1994}, GOR, cumulative gas production
and cumulative oil production of Case 1 are 2580.444 SCF/STB, 1362.709 MMCF and
0.309 MMSTB, respectively and those for Case 11 are 322,492 SCF/STB, 223.926
MMCL" and 0.668 MMSTB, respectively. Water production fﬂr. Case II is almost the
same as that of Case [. 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.
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Figure 6.2 Cumulative ol production with time far Case | and Caee I}
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Figura & 11: Currulative gas o ratio (GOR) with time for Case | and Case |}
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6.7 Comparison of Results with the Actual Production Data

Results are shown in tabular form below. Here results of Case | and Case Il have been

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

Table 6.5: Comparison of results with actual production data.

Drate Casc 1 Case I Actual
6/91 | Cumulative oil production (MMBBL) .19 0.373 (0.3873

Cumulative gas production {(MMSCF) 059,77 127.41 491.57
Cumulative GOR production (SCF/STB) | 4465 28 332.243 -

Cumulative water production {MMBBL) | 0.018 0.018 -
7/94 | Cumulative oil production (MMBBL) 0.296 0.635 0.6369
Cumulative gas production (MMSCF) 1328254 | 213161 891.57

Cumulative GOR production (SCF/STB) | 2740.168 | 323.518 | -

Cumulative water production (MMBBL) | 0.03 003 -

For both cases, simulation have been conducted assurming the last production date was
the 16" of December, 1994, as local experts abandoned the oil field on the 14" 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 15, respectively,
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Gas Oil Ratio {GOR) {SCF/STB)

Figure 8.15° Comparison of resuts of the two cases
with the actual GOR. produdtion
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In both cases, the simulated production profile did not match with the actual Geld history
In Case II scenario the total production is very close to the actual ol production but
results of Case | differ signilicantly. It may be concluded that the gas cap in Lhe initial
stage of production was not present. Thus Case 11 is more reliable in predicting the oii-in-

place of Haripui' oil field Reserve estimate of Haripur oil field is ltkely to be 247

MMSTEB.
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Figure 6.15: Comparisan of results of the two cases
with the aciual SOR produclion
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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 produciion is very close to the actual oil preduction but
results of Case I differ significantly. It may be concluded that the gas cap in the initial
stage of production was not present. Thus Case I is more reliable in predicting the oil-in-
place of Haripm" oil field Reserve estimate of Haripur oil field is likely to be 24.7

MMSTB.
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Chapter 7

ANALYSIS OF PRODUCTION STOPPAGE

To find out the causes of the production stoppage, available dilferent reports, papers and
documents have been analyzed. These analyses have done taking into consideration the
source rock and flwd 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 parl of
deitaic complex This in tumn 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 Tipam of Sylhet downdip. Also the final
additional interest is a bright spot on line park-tila Sylhet {PK-3Y-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-carbonate environment of the Lower Boka Bil mixed with marginal

marine facies is suitable for generation of waxy oil.

Core Lab results indicated that, the PVT 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 almospheric pressure), which was considerably lower than the
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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 °F, 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 of Haripur.
7.2 (il Sample Assay

The results indicate that this black, medium APT crude oi! is essentially of naptheno-
aromatic compositton (hydrogen saturated, six carbon atoms) and of moderate pour point
and wax content. Paraffins, straight chain hydrocarbon molecules that contain saturated
carbon hydrogen bonds, anly make up about one third (33.33%) of the total 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 afler production siarted, in 1991, the volumetric :and material balance
calculations checked whether the pool behavior was matching with the depletion drive
predictions. History matching of BPI study {(Khan et al.| 1991) indicated that there was a
farly strong water influx from the aquifer. BP! study confirmed a partial or full pressure
maintenance due 1o 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 STOOI1P). On the contrary,
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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 forms (Khan et al., 1991),

So, BP1 study predicted that primary recovery fom Haripur pool could be between 50%
to 60% of the oil-in-place This primary recovery was earfier predicted by Oil and Mining
Services, considering solution gas drive, of the order of 20.75% for oil and 83 2% for gas

(Khan et al., 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 well has an aclive water drive, which was also indicated in BPI

(Khan et al,, 1991} study.

7.4 Production Scenarios

From the production scenarios, it is anticipated that some of the production decline was
due to Lthe wax deposition in the tubing, The wax would cause a restriction to oil flow and
a carresponding pressure drop at the wellhead, The GOR would also increase due to

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

It should be noted that the wax was not totally responsible for thel decline in preduction
rate. A solution gas drive can also cause a high GOR to occur. From the analysis of Qil
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 well to date. No gas cap is required to explain the GOR behavior of Haripur 1,
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Figure 7.1: Production histary of Haripur oil field
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If other drive mechanisms come into play, the primary oil and gas recovery forecast of
Ol and Mining Services (Whitmee, 1987) will not hold, especiatly if any water is
produced due to a water drive mechanism. As can be seen, the GOR will steadily increase

with time with a corresponding decrease in the oil rate.

Again, based on the Gearhan 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, orly water drive

exists,
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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 of Haripur oil field

8.1 Pressure Transient Analysis

In this study values of different useful rock and Muid properties of Haripur 1 well are
oblained from several reports and papers. But most of the values are taken from BPI

Report 10 {Khan et al , 1991} which is the cdmpilatiun of different papers.

In weli test interpretation, the pressure data are taken from IKM pressure gaupe data
(pressure survey, 1993} and values of other rock and Auid properiies are taken from BP1
Report (1991). Bul the analysis results compare well with difTerent studies. 1o the KM
analysis, the inttial pressure is 2468922 psig, permeability 2.19 md, skin factor 4.10, and
the wellbore storage coefficient 0 (06564 bbl/psi. Both in this study, the reservoir
pressure is found as 2460.68 psia, permeability as 2.4 md, skin facior as 4 0, and the
wellbore storage as 0.00595 bbl/psi. These variation of results may have accurred

because the input data taken in this study in case of porosity {¢), pay zone (h), formation
volume factor (B), total compressibility (c, ) and viscosity (u) are different from those

used m the IKM study. In the IKM analysis these values are mostly assumed arbitrarily,



8.2 Reservoir Simulation Analysis

In tius study two cases have been analyzed. All the necessary data are not available for

Teservoir simulation, Assumptions were made to carry out 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 17" of July, 1994, cumulative preduction of oil for Case T shows
as 0 296 MMBBL. Actual production up to the 14™ of July, 1994 was 0.6369 MMBBL,
Because of the gas cap, the gas production and GOR were much hi gher than the actual
values. Saturation functions like water relative permeability  (ky,), oil relative
permeability and gas relative permeability (krg), ete used in simulation were taken from
Honarpour correlations, which might affect the production forecasting. Oil in Haripur 1
well is very waxy which has caused low production rate and cumulative ojl preduction
This study may not have properly simulated the wax buildup phelnomena in the tubing,

which actually restricted the oil flow from the reservoir.
8.2.2 Case TI: Reservoir with no gas cap

In this case simulated result {Appendix 5) showed 2 total production of ¢.635 MMSTB
whereas the actual production was 0.637 MMSTB. This result is very ¢lose. 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 through the 3.5 inch tubing, It should be
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mentioned that Hanpur 1 was criginally conceived as a crysial pas well for gas

production from shallower zones.

Case II simulation seems to be mare reliable as the production status predicted by the

simulation is equal to the aclual production status. Thus reserve cstimate of Haripur o1l

field is likely 10 be 24 7 MMSTRB

8.3 Future Recovery

Production of Haripur well stopped due to wax buildup in the tubing. Wax build up
occurs in the tubing year round, which clogs the tubing inside diameter, reducing the
production creating (low restriction. So in future, thermal or non-thermal heavy il

recovery methods may be used for further production of oil,

According to Selby et al {1989), thermal method is suitable for thick (=10m), low depth
(1000 m) formation having low permeability {k) and oil saturation (8:) In case of
Haripur oil field, the well has 35 m payzone at a depth of 2020 m with 24 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, thermal method such as cyclic steam
stimulation will be more appropriate for the futyre production. Thermal method may
augment the oil recovery at least 50% as Tipam oil of Upper Assam fields in India have a

primary recovery of 65% (Khan et al | 1991)
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Chapter 9

CONCLUSIONS

In this study pressure transient gnalysis and reservoir simulation of the Haripur il field
have been conducied. 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 fluid properties. In reservoir simulation, two cases
have been considered Case 1 considers a gas cap and Case II considers no gas cap in the
il bearing sand. Latest available data are used for 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 satisfactonly. Based on the Stl-ld}-', the conclusions

are outlined below.

1. Pressure transient analysis results give reservoir characteristics, which are very close
to those of TKM 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

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

beiter simulation study.
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3 From the reservoir simulation it has been established that initiglly there was no gas
cap present in the reservoir, In Case [ {which considers no gas cap) simulation total
oil production is very close to the actual production status and it predicts the oil-in-

place of Haripur oil field to be 24.73 MMSTB.

4. In the literature it has been identified that the drastic preduction decline was mainly
due to the wax butldup on the tubing. The wax with high specific gravity would cause
a restriction to flow. As this is the case, afler scraping the tubing, the oil rate would

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

an increase in GOR,

5. Production stopped on the 14" of July, 1994, but the material balance and simulation
study show that the reservoir contains more il It might be in the form of heavier

hydrocarbons as reservotr source rocks indicated,

6 According to the BPI study, structural position of Haripur | makes it disadvantageous
as a long-term primary production under gas cap drive Gas injection, which is a
pressure maintenance method, will be diflicult to apply Any gas will migrate to the
crest of the oil structure where the well is situated. However, Haripur 1 itself is in an

ideal location as a gas injection well for future production.



Chapter 10

RECOMMENDATIONS

In this study pressure transient analysis and reservoir simulation have been conducted and
thus, reservorr parameters have been estimated and future production scenarios have been
studied. [t is shown that still huge amount of recoverable reserve present in the formation

Analyzing all obtained reservoir parameters and simulation results this study

recommends that:

1. PYT 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 from this well,

2. Further investigation is necessary to ascerlain the actual initial reservoir pressure as
IKM found 2468.92 psia and this study shows 246068 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 imponant for producing the oil with high

WX Content.

7%



+ 4 Haripur well contains heavier hydrocarbon with high percentage of wax Increasing
temperature around wellbore by using cyclic steam stimulation / injection methed

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

3. A fresh field development scheme should be taken through careful evaluation,

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

from the ficld

7147



NOMENCLATURE

B Formation volume factor, rit’/ s’

B, : Ol formation volume factor, it / s

B, : Gas formation volume factor, i’ / st

B.. Water formation volume factor, rft’/sit?

¢, Total compressibility, 1/ psi

GOR © (as-oil ratio

h : Pay zone, &t

& : Layer(XY), f or permeability, md.

kg © Gas relative permeability

kre . Water relative permeability, md

kpow 1 Oil relative permeability in presence of water, md

Dow . Water-oil capillary pressure, psia

Par Krw : Parameter for regression analysis of the Krw table value

Pw kow © Parameter for regression analysis of the Krow table value

Peg 1 Gas-oil capillary pressure, psia

Pu kg © Parameter for regression analysis of the Krg table value

Par kg © Parameter for regression analysis of the Krog table value

Pur * Flowing bottom-hole pressure, psi

P, . Initial pressure, psi

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

P © Average rcservoir pressure, psi

P 1 Shut-in bottom hole pressure, psi

P . Pressure straight-line portion of semi-log plot | hour after beginning a
transient test, psi

R, Solution gas-oil ratio, sit' it

R Radial distance, ft

r Radius of investigation, fit

o7



Hw

Wellbore radwss, A
Dimensiontess radizl distance
Watcr saturation, fraction

Shut in time, hours

Oil viscosity, ¢p
(as viscosity, cp

Porosity, fraction

Water viscosity, cp
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TKM (1993} Pressure Data (History Listing) of Sylhet 7

APPENDIX 1

History Listings SYLHETR?
Company PMRE, BUET Formation imerval  6589.52 ft - BRG8.24

Field Haripur Perforated imerval 6628 H - 8670 R

Well Haripur 1

Test 1999 pressure survey

Date 30/0%/53 - D4/02/93

Gauge
Depth  6808.70 I
Pressure Presgura Prasmirs
Date Time peia | Dale Time: i Cate Time psla
A Rng Tieel G000 00 0 00| 31/m12 DE-4B:00 1074 30( 3101462 17 5031 108240
04 03 00 oo 08.05,31 1062 53 180758 108160
0020 31 535,000 09 22 58 1088 10 18 25209 1088 10
00 37.58 1427 65 094030 115,70 13430 1104 50
00 55:30 1260.70 058 O 1714050 190028 1078 80
D113 1183 30 101528 1103 60 197 59 1086 7O
01:30 28 13 70 10:33 00 1082 50 19235 H 1075 30
01-47 59 1097 10 18,503 1DBS 00 185258 1080,90
0z 05 1125.80 1" UTSBlI 1078 50 A0 1075 45
02 22 58 110850 112530 1092 0D 20280 1068850
02 40 29 107630 143 01 110180 204520 10890.20
02 S804 1045 0D 12:00:28 ARIE R+ 21:02:59 107850
04 15 28 1062 B0 121800 1084 10 21:20:3 1072.80
033259 108120 12-35.31 1089 50 213758 1079.00
03 5031 1077 40 12 52,58 1077 20 21:5520 1075 80
04 OF 58 1470 10 13:10.30 1075 00 22130 1082 B0
04 25 30 1081 680 13 2601 1072 60 230,28 107610
43 M 1677.00 13 45 28 1091 10 22 47 50 1074.00
05 0028 106650 1403 00 1002 10 2306 31 107180
05 18 00 1091 63 14, 20:31 1082 50 232258 102,40
05:35 31 1073 O 14:37 58 $083 30 234029 1081 20
05 52 589 1083 10 145535 1089 80 235501 1048.50
DE10 30 107610 15130 1087 60 (010282 001528 108410
06 280 1086.70 153028 1084.20 00 32 59 1088 50
0645 28 1080 20 15 48 00 1080 70 00 S0 1075 20
OF Q200 1078.00 16:08 3 1062 80 01:07-58 10G8.80
OF:20 21 1075 80 16 22.59 1084.50 01 2529 1072.50
0737 58 1054 50 16:40:29 1070 40 01:43:m1 1085 40
07 55 30 1088 00 16 58,01 1086 50 02:00 28 104850
08130 1078 20 17:15 28 1086 95 02.17:54 1063 20
043028 1081.00 17.32:50 1077.30 2,25 31 £058.90
11-1999 T2 Saphir leve! I V2. 20F



J0ZTA £ 1948 iydeg £l BEBL- L)
OF ¥OEZ [Ta=-ata ] O5'EShl B0 02 1197141 BELE L]
0B 15EL g5 5% 60 D6 EL0L B5-22 02 0% 050k ITEOE M
OF 65EL 0351 60 [E1R714]) LE-S0-07 05 FL0L B2Z0 1L
QE'SEET [Aagn, K= 4] orai0l BS-LrG 1 0t S400 =t ] |
05'05eT RS P00 0L 9801 BZDEEL e L) o gzal
0 I T 0ooE L0 06 PL0L IDEELEL 00 Z80| g6Z L0l
08 ZFEZ HO-S5-B0 05200 B 9581 05 ELGL 8BS 2560
OO'ELET BS G150 0% L4001 BLIE B oL leat FE-SE A
OF TET 00 550 Orasol IE G Bl D es0l B5-L 1 60
ILET 1001 50 M 0s0| EeEoatL OF 8201 BZ 00 B
08 OET BEPE D O B804 #ESr il QL 0l W) v B0
DG RAEE [ EREHD ] a2 gl L E2ZLL 05'aon) EL5T ED

] 0 ez LIS ED #nm BROL 82 Ok-2A1 05 200) 85 2080
0&5eLLE #5500 CE' 1LIDI BEZS 91 0a 150k IEEOS A0
08" 1ear 005l &0 LEER: ] [Ram=15R 11 4. =g 4] 832820
05 2581 OO 3 8001 BS Ll 0E 5301 HZ 5L A0
OF €251 BS50[0 E901 008 0} sadl L3 a5 a0
05’671 BZ-C-00 OF a0l I0EF S 0472201 BE Otr 230
OG'G0) 0RE 0O 06 9501 BI.52.51 Ok LEQ L BS 2T 20
oS Fo01 820100 CEEQIZO(Ov L 'S {0'5) 0LaL01L .50 B0
Ol BS I5ET i sgal 1E0G ] 051401 BG5S
0L8801 e GE.E2 e 0L 5+ ) g Q173904 BE 050
0l ggdi GSIVED DOBRO4I #ESLFL O #2101 W E1-80
QL8401 gTo0es 08 £6D1 LWIBSEL O 501 B2 55 0
e B0l LI EFTZ 0Ennl BZ.0E L Of 601 B IE D
r ELDL 62 S0 LN Fin] ! FIIEL Q00 LB LT 0
08 R0l g5 I0TC Of GL01 le-B0EL 04 adl B= IO 0
Ot #5601 e 05 LE G5 2601 Ba i EL (o= ] g7 Gt
Ot 5501 =t 00 5501 BZ0ETI O g4l L3 8Z ED
OZ'esnl BES L L2 rEDLL ezl 08 294 BZ.01 £0
05 8:01 HGIOE O 10 (0L 030 L BTG5S 11 TEEONOI0E a0 | H=-25 20 CEEID

e oL L2 gjsd LN] #eg esd aunl e
SUNEFRI4 QANgFEdIH RINEERIH
Lose09s  ydeg
afines

£6/20/¥0 - €6/10/0C  91EQ

Agans sunssaud gg51 1S9

b IndueH  jepp

HO/e8-1 6798 [leAUl pajeIopag IndieH  piald

¥2'5999 - U £5'6858  |BAIEIL LONRWIO 13N9 'JHNd  Auedwon
LELIHAS sbunsM AloisiH




L

30Z'TA € 19A3) nydeg ¥ GEE}-L)
04 Oetd o Ot 91 U 51T fepeZ2 QL'88Er 00 08 wi
05 '0ets B H0al OB BikE 20 O 77 O BEES i) B5-£0
Ol Oy OO OESI O RiyrE M aZ L O fGeZ BSEL-ED
08 6E0E 0S5 1 DE L ir 85 B 02 05 96ES 00 SF-20
s 62vE 2ri 1 -] ) LT [LAN=10y (B SBET eI ] Srl]
D GEYE oG EL 00 LIEg Lt KL 0B Poes 8BS0
DEgerE LGEEL OF SE BEPOEL 06 E6ET 300 10
DE'aZke BSYETL 06 1P raeal 05 Thes LD 200 cEEQED
UERERE, 03 od L OF ST [AuR=i=ry| 2L BET 98 AHEr
OB LIkT Ls2 kL 06 ¥ LT BEBLLL 05 06ED 005l EC
05 LEFS RS &t 0L 0 FlL¥e O0GE 03 02 BRET (Ra 2 - g
Ql IZFE gosLat 0 ELPZ [ENEN] =] 00 eees 85 PO
CE9EHE 1Q-0w2B0 Q2'EIrE BGFESI [z DA oE LE
CSOgre BS¥OBD =yt 000061 5 GREE M-85 0F
0 BTrZ o0e=an 3 Z LieZ 0SS 1 Ol'weEs BSEL 02
D5'SEHE 5% 40 oF'Like BEGRES (B ZBEZ 0 Sk-61
== il BEEL1LD QL OWE QoG EL OF IBES 100LEL
- | DE STFE Q0 5 50 0Z°01¥E MO OF ZL O 0eeZ BSrERL
RYEFe OQLe0 [ 80FE FopOEL 00 BLES 0DODBL
0s'rave 95Fech 08 80F T 0E L 00 LIeT HWIGE L)
43 F Oo.O0'G0 Q5" 10T LOSS'0L Ot SIET g5'6 01
09 eTr? 2CEPD 05 00T gEaldl 04 ELET o551 81
OEETVE FCEED 0L S0t 0 'SEIR0 00 ZLel L0 G 51
Q5 ZZrC OSLED 08 S0FT ([aguf .y 02 OJET 25+ Sl
05 Z2rl LO-Onr T o e RSFE B0 0 997 unfia g )
oD ZZpZ a5p0.T0 1, i, A 000080 0o iges LHESEEL
05 1ZFT 00-0E 1o & EeZ = A ] 0L 8ges 95 6L EL
GE 1T HO-S5 00 00 E0PE BS 6 50 08 eges 0o S¥2l
[E1N ¥ 7 BSOS OG0 CEAEOAD (02 200 DOSE S0 0f BUEE ok el
05 0EFS Q0GFEZ I LObE 10 Ot S0 0E et RGO
e aLFE HO1EE LETOED | 00 00ws R 1R ] CRZVED | OF SGEE 00 00:1 | ZEENED
erad al|y w0 Ejsd ML T izd al L meg]
ansssid FINESAH ANEFAIH
H 046098 uidaq
abines

£6/20/0 - SR/ 1L0/0E  IEQ

Aaauns aunssand ggglL  1say,

| JnduBH (|8

BO0L99- B HZ08  [eAlsiu pajelojad Jndusy  prary

PZ'B099 - B 26 6859  |BALAIU UONEWIOS 13N8 'IHNd  Auedwion

LHELAHTAS sBunsiq Aso)siH ‘




History Listings

SYLHET#7

Company PMRE, BUET Formation interval 6583 52 fl - 6658.24

Field Haripur Perforated interval 6828 ft - 6670 #t

Well Haripur 1

Test 1988 pressure survey,

Date 30/01/93 - 04/02/83

Gauge
Depth 6603 FOH
Pressune Pressime Pregaure
Dl Tima Pk Dame Tims psia Crate Time B1a
Dai02e2 17 15 00 2431 00 | 050205 01 5334 2247 50 | 050200 04 081G 1323.7)
17,4258 2431 40 01 55:3 2028.00 04,1555 1261 20
1825 M 2431 50 01 5923 199580 04.25 44 1242 90
19:00 00 241 80 Lra ] 1590 80 Qd:34 29 1203.80
19,3458 243230 o513 188120 M:43:45 1167 50
20100 2432 .40 02 0808 1681 70 Od:52.01 114760
20 45:00 2432 A0 02 14:05 1580 80 050045 124,60
21 1958 243210 02 13:56 1533 10 050628 1077 10
21585 01 2433 30 0216 55 1926 B0 05 18:14 1072 40
23000 2433 60 n18 51 1892710 Qo 3650 1071.20
73 04,58 2434 00 02,22 44 192760 0535 45 051,30
2340 2434 20 D2 2540 1912 20 05 . 51 1053 £
05/02/92 00 1500 2434 40 02 28 33 1863 80 05 5316 1075.30
D458 2433.00 23130 1363 00 06 01 58 1088 80
01:04 1 242710 023426 186380 0610044 1085.00
0t 06.53 242710 023719 186450 041529 1087 80
01.02.50 42710 02 4015 1832 20 06 2815 109220
01.12 43 207 80 024308 182010 DI M 1092 00
01:15 38 2417 70 G2:40:04 1821.10 0845 46 1087 50
118 35 241780 a2 49 0 1821 80 06:54 28 1090 40
01:21:28 241700 02 51:53 1BD4 40 070314 110260
01 2425 2408 00 02:54.50 1788, 70 Q7:11:50 111360
oz 2408 00 02.57:43 1801 60 0720 A5 121 50
0430114 240800 02.00:38 1804 OO 07-28:1 111390
33 10 2308 00 03:07:m 0 40000 07 38 16 1131 80
H 3653 739810 0315 48 170220 07 48 58 112100
(3000 G800 02-24 28 2287 00 07 55 44 1119 80
01.41 55 2398 10 033314 2198 30 06:04; 25 112050
01:44 49 217 10 03 4158 1736 30 08 1315 110540
01:47 45 217 20 03 50,45 135560 08 220 1124.60
01:50 38 27 40 03503 1273 40 0830043 1087.70
11-1999 75 Saphir level 3 ¥2,20E
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History Listings SYLHETHT

Company PMRE, BUET Formation inlerval 5589 52 A - 6668.24
Field Haripur Ferforated interval 65628 ft - 670 ft
Well Haripur 1

Tesl 1989 pressure survey
Date 30183 - 04/02/93
Gauge
Cepth  8809.70 f

Pressurs Prassurs Prassgure
Drale Time paia [rate Time pala Dale Time sk

A 08 39,28 1087 50 | 050202 1310 44 1174 50| 0502092 18-35:23 1191 20
OF4E14 1087.40 fa.fo:20 1187 20 16 38 20 1207 50
08 56 58 1087 00 132815 118440 184113 1199 80
0205 45 1085 30 13-37.01 1152 20 1G.44 05 110380
0214 31 107580 134543 113380 16 47 OB 109080
09,2313 125G 1354 28 1168 3¢ 16 4858 1088 70
08 3155 108216 1403 14 18910 165255 1102 30
09 40 44 1089 40 141159 1258.10 16.55 51 1000 30
09-42 7o 1072 20 14 2045 1287 60 1658 44 BG0.800
{95815 T¥4.70 142031 1281.80 17:01:40 88€ 200
10 0701 108870 143813 1205.00 17:04:33 003 00
101543 109900 14 48:58 1226, 70 17 0720 214 000
1024 28 1102 0D 1455 44 1162, 20 17 10.256 847 100
102214 1104 10 15:0420 1246 60 171218 T 700
1941 35 1115 D0 131315 128020 171615 F40 700
1050 45 1121 40 1522.M 1251 7 171908 751,800
1052131 112200 152043 1243 90 172204 0600
110813 1410 1539:28 1211.50 17250 569100
1121658 124,10 154B8.14 FHO0.80 172153 225 €00
11:25 44 1143 30 15 56 50 120260 173050 246 800
11:34.29 Had 0 160321 120710 173343 565,000
11:43.15 1135 30 160614 1217.60 17.36:3g 553 900
1152 1144 40 1602 10 1182 50 17.38 36 35T 200
1200-42 1145 30 164203 120810 17.92:28 331100
120828 115410 16 1500 1185 00 174525 424 400
121814 113230 16:17.56 117000 1748 21 430 000
1225 5% 1126 30 16-20:40 1205.20 1751 14 332,000
12:35 45 1145870 18:23-45 1189 20 173410 288 300
1244 31 1184 30 16 28 28 117550 175703 A28 500
125313 1162 36 1620 34 118470 13 G000 ona
131 58 113960 163231 1166 80

11-1998 76 Saphir level 3 ¥2.20E




APPENDIX 2

Wellbore Diagram of Sylhet 7
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Annual Report '93-'94

2 Production History of Sylhet Well - 7
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17-Mov-03| 2163 Q272 91.27 1067 2982757 12867 116 0274 0 028 1292 T 762 9127 0272
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17-lan-04| 2224 0263 80 35 106 2909 444 1283.2835 0.28 Q{28 1315 7.861 a0 a8 0 263
17-Feb-94] 2255 0258 85.01 10.55] 2872 843 12491 303 0283 0.029 1,332 ¥ af s o1 0258
17-Mar-84| 2283 0254 5932 10.56| 2840.978 1268 424 0.283 0029 1.343 ¥ a54 88 22 0254
17-Apr-94| 2314 025 ag.0v¢ 10 53| 28023699 1306 166 (1288 G024 1 356 8 001 Bg.0v Q.25
17-May-24{ 2344 0 246 a8 B& 105, 2770007 1313 333 o248 Q03 1368 B 047 B8 &5 0248
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17-Sep-94| 2467 0225 a8f.02 10 39( 2834 425 137 548 030 .03 142 8224 B¥.02 0.22%
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17-Mov-94| 2528 0221 86 25 10 34] 258347 1358 268 0307 oo 1445 E.308 86 23 0221
T16-Dec-84| 2557 0 222 BE.07 16,32 2580 444 1362 708 0.309 0032 1456 & 348 86 Q7 Q223
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Date Timal Current gas Curmrent Oif  Current Water | GOR CUM Gas CUM Oil CLIM Water OIL REC | Gas REC{  AVG Qi AVE Sas

Daysj Rate{MMCF/D)| Reate (STE/D}| Rate {BBLIDY |SCF/STR| PROEG {MMCF) | PRCD (MMETE) | PROD (MMBELS) % % Rate {STB/D)} | Rate {MMCF/D)

17-Aug-90| 875 Q03 259 132F| 335.55 O 148 0 285 G4 1.154 a7 268 ooz
17-Sep-20| 1006 0 0% 267 B 1316 335217 100932 0234 aoi4 1,188 0738 26780 0.04
17-Det-99| 1038 0 gag 2668 1305] 334 pg5 103613 0302 0.0%5 122 0757 ZEG 8 0.089
17-Now-30/, 1067 r oBo 26571 12 95| A34.577 105,369 031 0.015 1254 o777 26571 0 0&a
17-Dec-90| 1087 0 085 264,63 12 84| 334,265 1049 022 1318 0015 1 285 0797 264,63 0.0858
17-lan-841| 1128 0 {088 2563 55 1274 333961 111.751 0.326 0616 1319 0817 263 54 0088
17-Feb-91] 1154 G o8 262 46 12 84| 333857 114 465 0.334 o1& 1352 0837 262 46 0038
17-8ar-81| 1187 0.087 261 42 12.95] 333.372 116,906 0342 o7 133 LT 261.43 n.0gr
17-Apr-917 1218 0 osy 260 38 12 45| 333087 1149 594 0.35 Qo7 1414 Gars 260 35 0.087
17-May-91| 1248 0086 258,33 12 38 332,803 122184 Q357 8017 1,445 0893 252,33 0.086
F7-Jun-9%| 1279 Q.0586 25824 12 26] 33242 124 B4E 0 365 00ia 1.478 0.912 258 208 0.088
17-Julk91) 1309 0.085 28723 12 17| 332.243 12741 0.373 08 1.509 o3 257 23 0 085
17-Acng-91| 1340 0 a8s 236,18 12.08] 331 967 130 046 038t 08 1.541 095 256548 0085
17-Sep-91] 1371 0 085 28513 11591 331693 132.669 {.389 0419 1573 097 28513 D 0es
17-0et-a1] 1401 Q084 254 13 1181 331435 135,196 0 367 GOy 1604 a 986 254 13 0.084
17-Mew-31] 1432 0084 2531 1183 3347 137 795 0 404 002 1636 1007 2531 0 084
17-0ec-31| 1462 0083 25209 11.75] 330911 140 297 0412 0.02 1 665 1.025 25204 (1.083
17-Jan-92| 1443 0.083 251 11 11 67| 330883 142 871 0.4z Q.02 1 688 1.044 251.11 0083
17-Fab-82] 1524 0083 2301 11 59 330.408 145433 0,425 0o 1.728 1 083 2601 0.083
17-Mar-92| 1553 Q.082 22013 1151] 330 151 147 B18 0.435 oo 1758 108 24213 0.082
17-Apr-92] 1554 G.082 24816 11 34| 329917 150 355 0442 0,021 1.784 1094 248,16 0052
17-May-32| 1614 0 081 24713 11.38] 229553 152 8 0.45 0022 1819 1117 24713 2.081
17T-Jur=02} 1545 0081 246 11 1 22| 3281385 153,313 0457 f.022 135 1.135 246 1 0o
17-Jul-82[ 1875 U o0& 2451 11,22 328143 157.734 0,485 o0z2 188 1.153 245 11 Q.081
17-Aug-92| 1704 004 244.1 11 15] 328 B93 160222 0472 0023 181 1.171 244 1 .08
17-Sep-92| 1737 o oa 24305 11 08| 328.826 162.698 048 0023 1.841 1185 243,05 008
17-Cct-22| 1787 aoTe 24202 11.01] 328366 165 063 0.487 023 1.87 1206 242 02 0o7a
17-Mow-021 1798 o a7a 241 TO85] 3281191 167.534 1.435 0.024 2,001 1.224 241 n.079
17-Dec-02| 1825 0078 23808 10 88| 327 659 169,594 0502 0024 203 1,242 235 68 0079
+7-Jan-93] 1059 0.078 23887 10.82( 327 609 17232 0.o08 0,024 2086 1254 23897 a0748
17-Feb-03] 1890 0,078 237 95 10.,78] 327.358 174 T36 0517 0,025 2.089 1277 237,06 oo7re
17-Mar-23| 1518 aore 237.01 107 327122 176 907 0.521 0025 2.116 1243 237 0.078
17-Apr-33| 1949 oorrT 238,05 1064) 326891 178 2949 0,531 0.025 2148 1.3 235.05 0077
17-May-93) 1979 QO77 23507 10568| 328 654 181,603 0 538 0026 2174 1.327 23507 0.077F
17-Jun-93| 2010 0078 2341 10.53] 328 418 183571 0.545 0.026 2204 1344 23 0076
17-Jdul-931 2040 0 oTé 23314 10 47| 326.186 184 253 0,552 0 026 2.232 1381 23314 D076
17-Aug-23| 2071 0076 23217 10.41] 325952 18R 509 0 554 o027 2261 1,378 23217 0o07s
17-5ep-283| 2102 0,075 232 1036 325715 180,313 0 566 0 0z7 220 1385 231.2 0475
17-0ct-93] 2132 0075 230.24 10 3] 325484 183181 0,573 0az7 2318 1412 230 24 8075
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