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ABSTRACT

Bakhrabad Gas Field is located in the district of Comilla, about 35 km east of Dhaka city.
Production from this field started in May 1984, A total of 8 wells were drilled in the five
developed sands of this ficld Two workover wells were put into production expenencing

shortened producing life. However, only five wells are still producing from three sands

In the recent years the production of gas from this feld declined sharply. Fourteen years
of production data have been analyzed using conventional materiai balance, flowing
material balance and reservoir simulation (o verify initial gas in place and reserve estimates
for the Bakhrabad Gas Field. Four different approaches of the material balance study have
led 10 consistent imtial gas in place and reserve estimates for this feld. The prediction of
future field perl‘ormancles mvolves the determination of reservoir pressure depletion and
offiake rale of gas Efforts have been made to understand the water production behaviour

while analyzing the production data of Bakhrabad Gas Field.

This study cstimates initial gas n place, recoverable reserves and remaining reserves of

Bakhrabad Gas Field
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Chapter 1

INTRODUCTION

Bakhrabad structure was delincated by Pakistan Petroleum Lin;[tcd (ML} in 1953 as a
gravity anomaly in the predominantly sub-alluwial area Later in 1966, Pakistan Shell Oil
Company Limited (PSOC) confirmed the gravity anomaly as an antichnal structure using
single fold seismic survey. Consequently in 1969 Bakhrabad exploratory well, BK | was
drilled by PSOC to a depth of 2827 m and proved ihe presence ol reservoir succession as

A B C D F G,J KandI. Sands, resulting 1n the discovery of Bakhrabad Gas Field,

In 1971, Bakhrabad Gas Systems Limited {BGSL) was formed (o develop, produce and
distribute pas from the gas field In the First Stage Development. work-over and testing of
Well BK 1 and the directional deilling and testing of four development wells, BK 2, BK 3.

BK 4 and BK 5, were cartied out by BGSL during 1980-1982.

In accordance with the commercial viabilily of the sands the wells, BK 1. BK 2. BK 1.

BK 4 and UK 5, were developed and produced from J, D-Lower, G, D-Upper and

B Sands, respectively

l'rom June 1987. the Second Stage Development drilling of threc directional wells, BK 6.
BK 7. and BK 8, was implemented by BGSL to optimise gas production from the J Sand
across the field These wells were dnlled from a second surface location, 485 m,

N39730°E from BK L. All three wells were successfully completed in the J reservoir sands




by October 1989 Thus in two stages of development a total of cight wells were dnlled in

five sands of Bakhrabad Gias Field (Figure 1),

OUn the st June 1989, all dnlhng and production aperations of BGSL at Bakhrabad were

taken over by Bangladesh Gas Fields Company Limited (BGFCL).

The Bakhrabad Gas Field was first placed on production in May 1984 with Well BK 2
from D-Lower Sand, putting into strcam The field has been supplying gas on a continual

basis with Lotal gas and condensate production of 553.7 BCF and 844 1 Mbbl t¢ August

1998, respectively.

Dunng the past few years Bakhrabad Cias Field has been experiencing rapid pressure
decline and tncreased water cuts in the wells As a result. some wells have been shut ofl’
and some have been recompleted. In the year 1992 this field produced in its peak at an
average 195 MMsefd. Wells, BK 4 of DU Sand. BK 5 of B Sand and BK 6 of ] Sand,
were shut olf due to reservoir pressure decline and waler production problems. Two
warkover wells, BK 4 of G Sand and BK 5 of Di. Sand, were put into production
experiencing shorlencd producing life. At present, only five wells are producing from
three sands at the rate of 50 MMscfd This field experienced excessive sand production

and water production problems due to overproduction or high rate of production without

any prior study

The study has been undertaken to investigate the production problems and to find the

remaimng reserve of the feld,



will B 5

well BK 5
rccompleled

well BK 2

Figurc 1 Dilferent Developed Sands of Bakhrabad Gas Figld

BEAND

nell BE 3

well BK G

well BK 7

wel]l BK 4

P TPER I 5AND

LOYFR D 5 AN

wrll BK 4

recompleled

™~

well BE |




Chapter 2

LITERATURE REVIEW

2.1 Iniroduction

Several studies have been conducted for different purposes at different deveiopment stages
of Bakhrabad Cias field Bakhrabad Gas Field is located 1n the district of Comilla, about
33 km east of Dhaka city The presence of a potential as bearing structure at Bakhrabad
was first recognised from the results of the gravity survey made by Pakistan Petroleum
Company in 1953 {Welldrill, 1989D) Pakistan Shelt Oil Company (PSOC) took over the
relinquished Icase and conducted an extensive single fold seismc program during
1960-1966. The Bakhrabad Anticline, as defined by seismic, is a narrow. elongated almost
symmetrical fold, about 69 km long and up to 10 km wide, At the top of the reservoir
interval, seismic determines three culminations A, B and C along Lhe axis of the Bakhrebad
Structure (Figure 2.1}, Bakhrabad seismc mapping was prepared by Hydrocarbon Habitat
Study (HHS) in 1986 The central B and northern C culminations lie about 24 km and 48
km respectively just west of north rom culmination A The culmination A is now termed
as the Bakhrabad Struciure ‘The culmination B and the culmination C is termed as

Narshindi Gas Field and Moghna Gas ield respectively,

The present Bakhrabad Structure is the southetnmost crest. the culmination A,

representing the Bakhrabad Gas Figld This culmmation, is the structurally highest
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anticline, and was drilled by PSOC during 1968-1969. This vertical exploration well,
BK 1 discovered commercial quantities of gas from a multilayered reservoir below
3870 feet. in the Bhuban Sand Formation in the Lower Miocene The discovery of

Bakhrabad Gas Ficld proved the presence of rescrvoir successionas A, B, C, D, F. G, ) K

and L Sands, |

The sedimentary succession cncountered n the Bakhrabad structure composed of thick
repetitious sequences of fuvio-deltaic ciashe deposits that rapidly accumulated in the

subsiding Bengal Basin (Welldrill, 1989D)

The primary priority reservoirs in the Rakhrabad (as Field arc the B, D-Upper, D-Lower.
G and J Sands  'he secondary priority reservoirs are A, C, K. K and L Sands. The criteria

for primary reservoirs predominantly were

a) having a rmmmum AOF of 50 MMsefd, determined by testing.
b) sulficient acreage 10 be localed wm all wells, BK 1 to BK 8;

€) having a minimum net pay thickness of- iwenty feet vertically.

2.2 Previous Reserve Estimates

Significant previous detenminations (Welldsill, 1983F) of gas in place in the Bakhrabad

Field, include:

f



a) Estimation of Gas Reserves in Bakhrabad Field, Bangladesh by J. R Carmichael
(1974} Tmtial gas in place lor the culrmnation in which the single well was drilled was

calculated at 1200 BCF, based on volumetric estimations.,

b) Appraisal study of the Bakhrabad Ficld, Bangladesh by Depolyer and MacNaughton
(1975) Proved gas o place was given as 1525 BCF. This was also bascd on a single
well. It was suggested that a further 2637 BCF could be classed as 'possible’ reserves,
to be proved by further drilling. The GIP estimations were based on volumetric
calculations

¢) Natural Gas Reserves and Deliverability Study, Bangladesh by JALECO (1980)
Proved gas in place was calculated as 1578 BCF. Further ‘probable’ gas in place was

grven as 1291 BCF, based on volumetric estimations.

2.3 First Stage Development

The First Stage Development of Bakhrabad Gas Field mcluded the wells, BK 1, BK 2,
BK 3. BK 4 and BK 5 Reserve report along with the well completion reports was
compiled by Welldrill in 1983 This report indicated a volumetnic estimate of reserves in
the "A' Culmination of the Bakhrabad Anticline for the A, B, C. . F. ;. ]. K and L Sands

of betwean 1693 to 1842 BCF,

The lower fipure was based on the indications that the D Sand is divided into two discrete
sand sections. cach having its own independent pas water contact. The higher figure was
based on the assumption that the D Sand is considered to be one communicating-sand

body with a common gas-water contact,




Utilising an abandonment welthcad pressure of 90 psia, recoverable reserves were

estimated at 1354 10 1473 BCF,

2.4 Second Stage Development

The Second Stage Development of Bakhrabad (as Field was successfiully achieved by the
drlling and completion of the three more pas wells, BK 6, BK 7 and BK 8§, The drilling
locations for the three pas wells were based on 1986 seismic mapping produced by the
Hydrocarbon Habitat Study (HHS) group and the wetl data from the BK 1, BK 2, BK 3,
BK 4 and BK 5 wells These nfill wells were programmed to optimise the off-take from
the J reservoir sands in the southernmost culmenation A of the elongate Bakhrabad
Anticline. Reserve repori along with the weil completion reports was compiled by

Welldnll in 1990 In this period the revised volumetric estimate of gas-in-place amounts to

1844 BCF,

(a3 n place was calculated on the assumption that the two D Sands {DU and DL) have

their own gas-water contacis

The recoverable reserves, based on an abandonment wellhead pressure of 90 psia with

compression were estimated at 1467 BCF

A comprehenstve study repori was submitted under Gas Ficld Appraisal Project by

Intercomp-Kanata Management Ltd (IKM} i 1990,

The scope of the reservoir engineering study by TKM included a detailed, integrated

approach using ali available data to develop a description of the reserveir rock and fuid




properties and predict future performance assuming alternate development end operating
sceparios This repori included the analysis and results of the first pressure survey

conducted in Bakhrabad Gas Field in 1989

The main conclusions of IKM report wete the following

¢ The reservorr fluids of all produced Bakhrabad Sands are non-reirograde at reservoir
temperature.

* The Bakhrabad Gas Sands contain a dry gas of relatively uniform composition

* The proved m-placc reserves were 13697 BCF based on material balance reserve
estimates of the producing horizons

* Thein-place reserves of the C and F Sands were considered to be probable reserves of

24.1 and 37 8 BCF, respectively

* Thc reserves of the A, K, and L Sands were classified as possible reserves

Varying different operating parameters KM made some additional performance

prediction, They are as follows:

* Dased on an abandonment pressure of 1200 psia, ultimate gas recovery from the
Rakhrabad Gas Ficld would range from 55 to 63 percent of the initial gas in place for
the B to J Sands,

* Dased on an abandonment pressure of 600 psia achieved through the installation of
mlet compresston facilities, ultimate gas recovery from the Bakhrabad Gas field wouid

range from 78 5 to 82 0 pereent of the initial gas in place for the B to ) Sands



* No furthet drilling of wells in the Bakhrabad Gas field is required to achieve optimal

£a8 recovery.

A report on production problem of Bakhrabad Gas Ficld by Hug et al {1993), made an
elaborate coverage on the production history of the field. In this repart it was pownted out
that in Bakhrabad, produced gas and liquid from all the wells are separated centrally and
through a common header. the separated liquid fows further downstream for separation
of water and condensate. 'The report apined that it was inconchisive to determine the
optrmum production rate for the individual wells by attempiing to find a relationship

between combined water production rate with gas production of the individual wells,

Reservoir Engincering Report Based on 1992 and 1993 Pressure Surveys {Reservoir
Study Unit, 1993), was compiled by Reservoir Study Unit of Petrobangla. This report
presented the results of analysis and interpretation of the second and third annual pressure
surveys. The pressure transient test data of Bakhrabad were analyzed and interpreted with
the assistance of an IKM engineer using a weil test interpretation sofiware ‘Interpret/2’
This report also included production forecasts for Bakhrabad Gas Field which were
generated using Intercomp’s Petroleum Workbench sofiware. It should be mentioned that
the second and third annual pressure surveys could not include 1 Sand owing to high gas
demand for which the wells of the sand could not be shut down. Otherwise mter-well

interlerence would have been observed as was in the case of first annual pressure survey

Recently. Mobi {BGFCL/Mobil. 1997A) has conducted a study on Bakhrabad Gas Field

In that study, the proved in-place rescrves were shown as 1439 BCF based on material

balance reserve estimates of the producing horizons.

1



Schiumberger conducied Sand Free Production Test (BGFCL/Mobil, 1997B) under the

supervision of Mobil i September and November of 1997 and some of the test results

trom that report are presented in Table 2 1,

Table 21 Sand Free Production Test Results conducted by Sehlumberger in September

and November 1997,

Well Perf, Depth | Choke | W.H.P | Gas Prod. | Cond. Sand Water Rate
{MD) Size Hate Prod. Prod.
Rate Rate
feet fad” psia MMscfd bbls/day | pm/day | bbls/MMscf
BE I{l) T35 7360 47 1040 0 14,{} 06 63 L &
BK 2{DL} 7390 - 7360 74 Q20,0 i6 a0 137 ne
BK 3((3) 8720 - 8910 45 1263 0 i5.7 3.3 0.5 02
BK 4G) 76594 - TR3E 36 7000 fa.) Gl Trace a0
BK 5(DL) 7592 - 7704 32 8§70 0 53 00 264 0 69.2
BK 6i)) 8194 - B450 06 8250 16 0 1.8 Trace 1753
BK 7{]) 8143 - 8450 50 1HR0.0 16.0 (o 14 4 03
Bk R(]1) B2(14 - B350 A6 RLVRL 14 8 13 7.0 9.3

Notc' Based on Sand Test Reporl. BGFCL/Mobil. 1997

After analyzing the test resuits, Mobil recommended (BGICL, |998B) the following

o To set bridgeplug over the tup of D-Lower Sand of Well BK 5 and perforate at

D-Upper zone

*  To modify the surface facilities.

To reperforate wells. BK 1. BK 2, BK 3. BK 6, BK 7 and BK &

Accordingly Well BK 5 was perforated at D-Upper zone but production test resulted in

excessive water production and ultimately ceased production. ‘The reperforation iobs of

the other wells did not produce any good results as well




Chapter 3

SCOPE OI' THE STUDY

Objectives of the Study

The objectrve of this study is to perform an extensive reservoir engincering study to
understand the reservoir behaviour and predict its future performance utilizing the
available information Reservoir performance predicted by simulation or analytical models
can be verified by actual reservoir performance Bakhrabad Gas Field has been chosen

because it is a matured and depleted field. To achieve this objective, this study has been

subdivnded as follows:
1. To study the production performance of the praducing wells.

2. To conduct maierial balance study and estimate rcmaining gas in place of the

TEERTVOINS.

3. lo simulate the producing sands and predict their future performances

Mcthodology

T'o achieve the above objectives the following methods are adopted

1. To collect all the available production and field data and analyze the data

2 To conduct llowing well approach, in additien 1o the traditional MBE methods to

eshimate the remaining gas reserves.



3 To sinwlate the producing sands of Bakhrabad Gas Field using a commergial simulator
(Exodus 2 2), match the previous well and field production lstory and predict the

future performance of the field and the wells,



Chapter 4

PRODUCTEON DATA ANALYSIS

This chapter deals with the production history of Bakhrabad Gas lield along with the

analysis of the water produchon behaviour of the differcnt sands,

4.1 Produciion from the Bakhrabad Gas Field

Bakhrabad Gas Field went into production in May 1984 with BK 2 from D-Lower Sand
putting into strean1. Well BK S in B Sand, went into production in October 1984, Later in
August 1985, BK 1 in J Sand, was put ont production These three wells produced a total
of 29.4 MMsctd on monthly average Wells, BK 3 in G Sand and BK 4 in D-Upper Sand,
were put mto production in October 1986 Thus by December 1987, the monthly average
production was increased to 120 MMscfd. Tn December 1089, wells, BK. 6, BK 7 and
BK R, all in J Sand, were put on streamline In January 1990, the monthly average of the
field production came up to 140 MMscfd, There was not much change in production

although praduction from wells. BK 2, BK 3 and BK 5, dropped

Figure 4.1, presents the monthly average production of gas. condensate and water,
produced from Bakhrabad Gas Field from May 1984, till August 1998 With the
introduction of workover wells. BK 4 and BK 5, a significant rise in production was

obscrved in Deccmber 1994 from 135 MMscfd to 160 MMscfd whereas a substantial

4
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Figure 4.1 Total Gas, Condensatm and Water Production of
Bakhrabad Feld
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wellhead-pressure drops at all the wells were observed Thus, conlinuously high-
production rate from the wells in spite of the wellhead pressure drop led to an increase in
water production. In 1990, the water production of the total field was at 0 72 bblvMMscf,
whereas in 19941t rosc to 1.72 bblsMMscf  ‘Table 4.1 shows the vearly production of
gas, condensate and water [rom the Bakhrabad Gas Field During 1984 water production
was 0 30 bbis/MMscl. During 1988-1989 with the wtroduction of wells, BK 6. BK 7 and
BK 8, the water production was (.55 bbls/MMscl, Dunng 1994, it increased to
1.72 bbls/MMsct and recently. as of August 1998, the waler production was recorded as
G 10 bbls/MMscl. The average condensate pfuductiun was (0.7 bbls'MMsct,
I 42 bbls/MMsct, 15 bblsMMscf and 1 38 bbls/MMscl durmg the vears 1984, 1989,

1994 and 1998 (till August}, respectively,



Tablc 4.1 Yearly Production of Bakhrabad (Gas Field

Year Gas Condensate Water - | Condensate Water
Preduction | Production | Production | (bbls/MMscf) {bbls/MMscf)
{MMscf) {bbls) {hbls)
1984 2343.39 1834 59 835 24 0,70 0.36
1985 11,342 .96 7.190.81 472673 0.83 0.42
19845 19,390,232 18,781.30 HB01.90 0.97 0.44
1987 29,880 34 53,2681 .6% 13,207.00 1.78 .44
1988 40,159 84 53,405 63 17,282,849 1.48 043 °
1985 47 054 92 66,959 89 25,778.27 1.42 0.55
1980 49 486 73 98 AE5 35 35.649.38 1.85 0.72
1991 52779 25 95888 80 45624 68 1.82 .85
1992 51,500 &0 94 257 08 55 176.80 1.83 1.07
1993 48,325.19 B2 268,40 67 437.07 1.70 1.40
1994 46 B54 585 70,355 41 HO 83887 1.50 1.72
19495 52 770,39 53,687 48 145,663.60 1.21 2.78
1896 45 404 94 &), 345 22 210,804 70 1.22 427
1997 32,379.35 4586575 188,284 .20 1.42 5.85
1988 20,015 82 27,848 .40 122,120 80 1.38 610
Total 553,706 31 844 103 87 | 1,023,530.82 152 1.85

The production-test results of different wells of different sands representing the 2as

production. condensate production and water production are shown in Table 4 2

In the month of March (992, a peak production of 210 MMsefd was recorded prior to

the closure of Well BK 4 of DU Sand. In June 1992, Well BK 4 of DU Sand, was shut olf

due to excessive water production In October 1994, production ffom Well BK § of

B Sand. was suspended due to excessive amounts of sand and water production

Subsequently workover was performed on Well BK 4 and reopened for production from

G Sand in October 1994 and continued till Junc 1998 1n Junc 1998, Well BK 4 of G Sand

was out of produciion due to pressure decline of the well, equaiizing to the

manifold pressure (800 psig). Afler workover, Well BK §  started production  {from

D1. Sand in December 1994 and continued till May 1997, In May 1997, Well BK 5 was

16
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Table 4.2 Production Test Resulls of Differcnt Wells of Bakhrabad Gas Field,

Well Date Midpoint Perf s(feet) Well Dia. ADF Gas Prod. | Cound, Prod, Sand Water Prod.
(.} (MMscfd) Rate Rute Prod. Rate
{MMscfd) | (bbis/MMsch) Rate {bhls/MMscl)
{gmiday)
BK 1{]) Avp 'R5 F197 5(DD} 7197 5(TVD) 0.3 400 34 5 0.4 nil nagligible
BK &{I) Deac,"89 BIHDDy T2Z3TVD) 0.3 244 19,79 | nil a7
Bk 7 Dec. "898 8207(DDj TIHNTVI 03 343 35590 089 nil 072
BE 31} Dec "80 838D 7351 5(TVD) 03 221 308 <] ml =]
BK 3{G) Oct. 86 B815(DD) GO0 TV 0.3 148 33 neglipible nil il
BEK 4((3) Ot 94 F716(DD) TORMTVI) 03 [5 74
BK 2(DL) | Mav'84 7445(DD) 6344(TVD} 0.3 231 30 0.5 nil (.2
BK 5(DL} { Dec 94 7648(DD) 667HTVD) 0.3 17.6
BK 4DU) | Oct. 86 715DD) 6346{TVD) (.3 230 30 005 nul neglimble
BK 5(B) | Oct "84 6809(DD) 5967(TVD) 0.3 260 207 1.1 il nepligible

Note: Based on Welldrilt Compleiion Reports




shul down in the same manner, that 1s, declining wellhead pressurc to the manifold
pressurc. In the year 1994 wath the introduction of two workever wells, BK 4 in G Sand
and BK 5 n DI. Sand, the total production of the ficld from the 8 wells increased from
135 MMscfd 1o 170 MMscfd with condensale production of 1.85 bbls/MMscf and water
1.49 bhis'MMscf. In the vear 1995, wath the same sel of wells in production. the gas
production  was 170 MMscfd and the condensate production increased to

2.10 bbls/MMscf and the water production to 2.72 bblsfMMscf

In the year 1996, BGFCI. deaded to reduce the gas production rate of the field at
5 MMscld on a monthly basis. due to considerable reduction of shut-in wellhead pressure
of the wells of Bakhrabad Gas Iield (Reference Table 4.3 ) In October 1996, there were
severc damages of the choke valves and control valves of Well BK 3, due to sand
production Increased sand production was recorded in other wells as well at that time 1n
November 1996, the production of the field was decrcased from 130 MMscfd io
10 MMscfd due to excessive sand production 1n December 1996, it was further reduced
to 100 MMscid. With the end of production of Well BK 5 from DL Sand in May 1997,
the daily production of the field was hmited to 95 MMscfd At the end of 1997

condensate production was 1.3 bbis’/MMscf and water production increased to

& bhls/MMMscl

In July 998, the production of Bakhrabad Gas Field declined to 71 MMscfd on a monthly
average with the water production of & bbls'MMscf and condensate production
I 3 bbis/MMsel At this time, production from Well BK 6 was suspended due to decline

of pressure to 820 psig, which was almost equal to the manifold pressure (800 psig)



ol

Table 4 3 Shut-in Wellhcad Pressure at Different Wells of Bakhrabad Gas Field,

Well - Shut-in Wellhead Pressure (psig)
1984-19589 ] 19490 1992 1993 1994 1995 1996 E997¥ 1998
BK 1{I} 2800 2410 2130 1801 1630 1441 1300 1150 1154
{August.85) {18.7 90} (20 9.92) {12.10,63) (12.11.94) {14 993} {19 11.96) {149 97) {138 9%)
BK 2(DL} 2510 1915 1800 1781 1700 1484 1213 1135 10%6
{May, 84} {28.2.90) {229 02) {18 10 43) (12,110,944} {14.9 85) {19 11 96) (21.997) {13 & 98)
BEK 3G} 2840 2410 2230 200 1883 L7 1310 1470 13949
{October &6) {(29.5.90) (13.9.92) {23993} (12 11.94) (1d,9.93) (1911986} {21 597) (17.508)
BK 4(DU}) 2450 2015 £900 1700 1462
{October, 86} fl6 7.90) (7.9 92) (18,1093} {27 3 94)
N 4(3) 1807 1710 1445 1300
{12,11.494) (14.9.95) (19 1] 96) {4.11 57}
BK 3{B) 2330 2030 1830 1774 1712
{October 86) (29 3 90) {14, 10,92} (25.59.93) f19.4 94)
EBEK 3(DL} 1717 1463 1160 1230
{20.12.94) (14.9 95) (19.1196) | (31.12.87)
BK (]} 236l 2385 2040 1774 Laid 1440 1235 L 160
{4 3 89 {20.6,90) (13 10 92) {1910 53) {12.11.94) {16.9.93) {19 11.96) (61197}
BK 7 2548 2420 1972 1 800) 1634 1301 1304 1175 1177
{9.7.89) {18,7.00) (14,1092} (19 10 93) {12 11 94} {16.9.95) (1911 96} fa.11 97) {21.8.98)
BK 2{I} 2544 2385 1943 1774 1641 1471 1285 12400} 1141
{22 9 §9) (18.8.90) {15.10.92) {20.10.93) (12 1i.594) {16,9.95) (19 11.96) (71197 {23.8.98)




Monthly average production rates and wellhead pressurc of the wells of Bakhrabad Cias
Field at different times arc presented in Table 4 4 Production rate and wellhead pressure
of the wells between January 1998 and July 1998 at specific dates are presented i the

lable to ascertain the recent condition.

Since the inception 1 May 1984, total production of eight wells from B, DU, DI.. G and
J Sands of Bakhrabad Gas Field (ill August 1998 are 553 BCF gas, 844103 bbls

condensate and 1023930 bhls water

4.2 Sandwise Froduction Analysis

Analyzing the water production is difficult due to the unavailabiity of  wellwise
condensate and water production data The monthly report of the producing wells
provided an excelient compilation of wellwise pas production data. but the candensate and

water produciion data were only the field totals.

In Bakhrabad Gas Field, produced gas from different wells are gathered through
manitolds. Gas and liquid from all the wells are separated centrally and through a common
header, the scparated liquid flows Further downsiream for scparation of water and

condensate. The pariial schematic of the feld gathering sysiem is presented in Figure 4.2,

As the pas is processed centrally, water and condensate production from mdividual weils
and sands can not be monitored Thus it is cxtremely difficult to identify the excessive
water producing wells/sands without disrupting the production The recent Sand Free

Production Test (BGFCL/Mobil, 1997B) will give some light on the present water
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Table 4 4 Gas Production Swtus of Bakhrabad Gas Field.

¥ell June 90 July 93 Dec.95 July 96 July 97 Jan.20,%8 July. 1598
Avg, Avg. Avg. Avg, Avg. Avg Avg. Avg. Avg. Avg, Gas W.ILP | Gas W.H.P
Gas W.H,P | Gas W.HP | Gas W.HP | Gas W.HP | Gas W.H.P | Prod. Prod,
Prod. Prod. Prod. Prod. Prod.
BK 1()) 27.05 2400 17.92 170} 21.16 1217 [3.68 1i34 14.68 HI63 16 972 13 BN
BK 2{DL) 17.96 1825 179 1628 19.9 1239 17 1141 14,24 993 16 883 13 875
BE 3{(3) 25,62 241K 24 21 1844 2797 1334} 2568 1262 14 86 1297 L3 F234 13 1213
BK 4(DLj) 20033 1300
BK 4G) 13.35 1051 10 49 1054 6,27 1023 & 86l
BK 3{B} 13 53 1640
BE 3{DL) 14,16 1110 7.97 1058
BK &{J} 569 2231 18,34 1698 1935 1209 17.38 1146 12,68 1015 i1 863 6 320
BE. W) 1871 2317 19.24 1735 24 61 1217 2234 1159 15.00 1115 13 1358 14 1020
BK 8(J) 19.37 2208 13.01 1704 19.68 1221 17.32 1133 13 83 1098 16 983 12 915
Total 13473 121 24 160.38 136 86 31 58 95 71

Nate: Gas production values are i MMscfd.
Wellhead pressore (W H.P) arc tm psig.




Figurc + 2 Partial Diagram of Ficld Gathering Systern
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production behaviour of the Bakhrabad ficld: some of the test fipures are presented in

Table 2 | of chapter 2,

4.2.1 J Sand

J Sand is one of the major reservoirs of Bakhrabad Gas Field This sand was penctrated by
all eight wells and was tested in wells. BK 1, BK 2. BK 6, BK 7 and BK 8 At Well BK 2,
tower part of J Sand was found to be tight, another test in the mddie part of J Sand
owed 6.4 MMscfd gas on a 20064 choke (Welldnl. 1983A) Water production rate was
negligible. Production test of BK | at 7360 feet (1'VD) showed inital reservoir pressure
and absolule open flow potential (AOF) of the ] sand as 3203 psia and 400 MMscid
respectively (Welldrill, 1983A) Production log indicated that at 54.5 MMscid flowrate,

83% of the production was from interval 7035-7100 feet and there was no contribution

from interval 7205-7270 leet,

Well BK & was perforated al interval 8194-8436 feet (DD) and on 50/64" choke a flow of
35.7 MMscid was obtained, Praduction log indicated that at 28.8 MMscfd Howrate, 75%
of the production origmated trom the perforated interval 8199-8290 fest (DD} with
approximately 17% from the interval below $380 feet (DD} (Welldrill, 19894)
Condensate and water production rates were 1 bbl/MMscl and 067 bbl/MMscf
respectively. The absolute open flow poténtial (AOF} of Well BK & was 244 MMscfd
Well BK 7 was perforated at interval 8143-8450 feet (DD} and 35 MMscfd lowrate was
obtained on 52/64" choke Production log indicated ihat at 25 MMscfd lowrate about

35% production rate was from below 8380 foot ([2D}. Condensate and water production

21



ratc were found to be 0.89 bbl/MMsct and 072 bbI/MMscf respectively (Welidrill,

1989B).

Well BK 8 was perforated at interval 8209-8515 and 8531-8559 feet {DD) Production
test obtained a flowrate of 43 MMscfd on a 64/64" choke. According to production log at
20.5 MMscid flowrate, 83 2% of the production was from intervals above 8352 feet

{DD} DBoth condensate and water production were found to be 1 bbl/MMsct (Welldrill,

1989C)).

Wells. BK 1, BK 6, BK 7 and DK 8 have been producing from this sand. Well BK 1
staried production in August 1985 Wells, BK 6, BK 7 and BK ¥ were pul on stream in
December 1989 As of August 1998, cumulative production stood at 271 8 BCF which
accounted [or 4%%% of the total production (553.7 BCF) from the field, Sand Free
Production Test {Table 2.1 of chapter 2) conducted by Schlumberger during Septcmber
and November, 1997 showed that Well BK ¢ was producmg water at 7.5 bbls/MMsct
and negligible sand, at the flowrate of 16 MMsefd, Well BK 7 was producing water at
0.3 bbl/MMscl and sand at 14 4 gm/day, at ihe flowrate of 16 MMscfd Well BK 8 was
producing water al 9.8 bbls/MMsct and sand at 57 gmdday, at the (owrate of
14.8 MMscfd. Thus 1t can be assumed in relermnng to the sand test result that as of July
1998, wells, BK |, BK 7 and BK 8 were producing water al 20.8 bbls/day, 4.2 bbls/day
and 177 6 bblwday. for ihe production rate of 13 MMscfd, 14 MMscfd and 12 dhAscid,
respectively (Reference, water production rates of the Sand Free Production Test.
Table 2.1 of chapter 2 and gas production status, Table 4.4) The wellhead pressure of

BK [, BK 7 and BK 3 o the above stated pas production rates were 965 psig, 1020 psig

24



and 913 psig, respectively (Table 4.4}, From the end of July 1998, Well BK 6 was out of’
production due to fall of pressure to 820 psig Thus it can be observed that Well BK 8 will
soon be out of production due to cxcessive water production and due to pressure decline

m the reservoir, Well BK 8 also showed significant sand production in accordance with

the Sand Free Production Test

Figurc 4 3 represents the monthly average gas production rates of J sand along with the
total water production of the field In December 1989, a sharp increase in production is
due to the introduction of wells, BK &, BK 7 and BK 8 A drop in preduction during the

yeat 1996 was due to the depletion policy adopted by the management

Manthly average gas production of the wells. BK 1, BK 6, BK 7 and BK & alang with the

total watcr production of the ficld are shown in Figures 4.4 through Tigure 4.7,

Figure 4 3 Gas Production of J Sand and Tolal Water Production of Bakhrabad Fiskd
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Flgure 4.4 Gas Production at BK 4 of J Samd and Tata| Water
Pmducten of Bakhrabad Field
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Flgure 4.6 Gas Produchon at BK 7 of J Sand and Tolal Water
Produclon of Bakhrabad Field
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respectively The figures depict that high production rates, in lheu of sharp pressure
drops (Table 4 3), during the year 1994-1995. contributed to the increase in water
production of the field. It is observed from the figures that from the muddle of 1996,
production rates were dropped. During this period, 4 revised deplefion policy was set out,
due to pressure dechine of the wells and due 1o excessive amount of water production and

sand production in the field

4.2.2 G Sand

G Sand is the second largest reservoir of the field. Initially this sand was tesied at wells,
BK 2 and BK 5. This sand comprises of the wells. BK 3 and BK 4. Well BK 4 was

recompleted i this sand later, after its production was suspended from DU Sand

Production test at Well BK 5 i this sand showed a gas rate of 26 MMscfd on 2 40/64"
choke Both condensate and water production rate were negligible Well BK 3 was tested
on 2 64/64" choke, producing ai a flowrate of 40 MMscld (Welldrill, 1983C). Condensate
production rate was negligible and there was no indication of water production
Production log indicated that at 33 MMsctd fowrate over 50% praduction was from
interval 8820-8840 feet (DD) and out of 150 fect of perfuration only 35 feet contnbuted

Well BK 3 started its production from Qctober, 1980

Well BK 4. was suspended producing of' DU Sand, in June 1992 due to excessive amounts
of water production. Aller workover. BK 4 was recompleted in G Sand and starred
producnon in October 1994 The initial reservorr pressure recorded at this well was 2194

psia and the well produced at a rate of 15,76 MMscfd and continued Gl June 1998
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Well BK 4 15 now out of production due to cxcessive water production and pressure

declinc

As of August 1998, cumulative production of this sand was 42,4 BCF. Figure 4.8 presents
the total gas production from G Sand, along with the total water production of Bakhrahad
Gas Field  In October 1994, Well BK 4 was recompleted in G Sand 1t is observed from
the figure that with an increase in gas production, there is an increase in water production
in the field as well, During the year 1996, sand production and excessive water praduction
was observed alomg with the pressure decline. Becausc of this production rale was

decreased from Qctober 1996,

Figure 4 9 presents the gas production at Well BK 3 of G Sand along with the total water
production of the field Figure shows almost a steady production from this well (ill 1996
While the walter production of the field increased during the early 1995, it can be
abserved that gas production 15 not th step with the water production. In October 1996,
sand production was observed at Well BK 3 damaging the valves and the flanges
(BGFCL, 199181&]. A decrease in production was scheduled due to a trend of pressure
decline of the wells and duc to excessive amounts of water and sand production in the
ficld Well BK 3 was producing water at 2.6 bbis/day at the production rate of 13 MMscfd
(Sand Free Production Test, Table 2 | of chapter 2 and gas production status, Table 4 4),
From the above it can be concluded that Well BK 3 does not have an acute water

production problem.
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Figure 4.8 Gas Froduction of G Sand and Tatal Waker
Production of Bakhrabad Field
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Gas production status of Well BK 4 along with the total waler production of the field ig
set out in Figure 410  Increased production from October 1994 occurred because
Well BK 4 was recompleted in G Sand. Figure 4 10 shows that the gas production of the
well 15 1n step with water production of the field. Well BK 4 in G Sand might have an
acute water produclion problem Since July 1998 Well BK 4 of G Sand was out of

production duc to excessive amounts of water production and pressure decline {BGFCL.

1598B)

4.2.3 DL Sand

Bakhrabad Gas Field started its production with Well BK 2 in May 1984 from D-Lower
Sand. D Sand is divided into two units DL {D-L.ower) Sand and DU (D-Upper) Sand.

Welis, BK 2 and BK 5 were completed in DI Sand. DL Sand was initially tested at

Figura 4 10 Gaxs PFroduction at BK 4 of DU Sand and G Sand and
Tolal Water Freduction of Bakhrabad Fiakd
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Well BK 2 only. Production test showed a flowrate of 65 MMscfd ona 96/64" choke
Condensate and water production was found to be 1 9 bble™MMscl’ and 0.2 bbl/MMsct,

respectively (Welldrill, 19838)

[n October 1994, Well BK 5, which was producing from B3 Sand, was suspended due to
excessive amounts of sand and water production, Alter workover, BK 5 was recompleted
in DL Sand in December 1994 and started producing at a rate of 17.6 MMscfd with an
initial pressure of 1930 psia. Well BK 5 continued production Lill May 1997, when it was

shut off due 10 excessive water production.

As of August 1998, cumulative production lrom DL Sand was 85.4 BCF. Gas production

status of XL Sand along with total waier produchion of the field appears in Figure 4 11

Frgure 4 11 Gas Preduction of DL Sand and Telal Water
Production of Bakhrabed Field
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The fipure shows that production from DL Sand has not been sieady, Therc were
shut-down cccurrences at different times A sharp increase in production in December
1994 was due to the introduction of recompleted Well BK 5 1t can be observed that with
the start of production from BK 5, the combined production of the weils, BK 2 and

BK 5 15 1n step with the water production of the field. This might be due 10 excessive

amounts of water production rom Well BK 5

Figure 4 12 shows the gas production status of Well BK 2 in DL Sand along with the total
water production of the field. During 1989 this well produced at an average rate of 23-28
MMscfd It is evident from Lhe figure that there have been several shut-down periods. In
the year 1993-1994 this well was producing below 10 MMscfd on an average A shamp
increase n production in 1995-1996 is in step with the water production of the field Since

1996, production limiting mecasures werc adopled due to sharp pressure decline,

Figure 4 12 Gas Production al BK 2 of DL Sand and Tolal Waker
Production of Bakhrabad Field
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During the Sand Free Production Test conducted by Schlumberger, this well was found to
be producing water at (.9 bbi/MMscf for a gas production rate of 16 MMscfd
{BGICL/Mobil, 1997B). In July 1998, Well BK 2 produced 13 MMscfd with the wellhead
pressure of 875 psig. Assuming the Sand Free Production Test result (Table 2 1) this well
was producing water at the rate ol 11.7 bbls/day. Thus, it can be observed that Well BK 2

will soon be out of production due to pressure decline,

Gas production status of the recompieted well, BK 5 along with the total water
production of the field appears in Figure 4.13. An increased praduction in the later part of
the figure. which is. slaring from December 1994, is due to the recompletion of

Well BK 5 in DL Sand.

Figure 413 Gas Production at BK, 5 of B Sand 2nd DL Sand and
Total Water Production of Bakhrabad Fleld

25 ELX 00

—&— Gas (MM 5sehyt
4 Waler Jhbilsfday) .1+

FUIR 5

Gas Praductian {MMctd)
Water Froductan [bbisiday)

[

id



The figure shows it clearly that the gas production of Well BK 5 and the water praduction
of the field arc in slep with cach other During the Sand Free Pr:;:ductinn Test mnﬁucted
by Schlumberger this well was producing sand and water at an alarming rate of 264
gm/day and 69.2 bbls/MMsef respectively, at a gas production rate of 5.5 MMscfd { Table
2.1). Thus il seems that Well BK 5 had an acute waler production problem during its
production tenure In May 1997, Well BK 5 of DL Sanl:l was shut down due to an

cxcessive amount ol water production (BGFCL, 1998B)

4.2.4 DU Sand

Well BK 4 was completed m D-Upper (DU} Sand DU Sand was tested at wells, BK 2
and BK 4 During the production test Well BK 2 produced at a rate of 35 MMscfd on a
52/64” choke Condensate production rate was 0 5 bbl/MMscf and water production was
negligible. Production test at Well BK 4 showed a flowrate of 40 MMscfd on a 60/64"
choke The absolute open flow potential (AOF) was 230 MMscfd Condensate production
was 0.05 bbl/MMscf and water production was negligible (Welldrill, 1983D) Production
log of BK 4 indicated that at 30 MMscfd. the entire production was from interval 7110-
T170 feet (DD and there was no contribution from the interval 7180-7200 feet {DD} At

10 MMscld flowrate entire production at Well BK 4 was from interval 7110-7145 feet

(DD)

Well BK 4 slaried its production in October 1986 with an initial reservoir pressure of
2883 psia at 6585 feet (1VD) Figure 4.14 presents monthly average production rates of

Well BK 4 of DU Sand along with the total water production of the field. In April 1587,
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it produced at a rate of 23 MMscid. During 1989 it produced at a rate of 27 MMscfd, In
April 1990, production rate was 17-18 MMscfd, Tn February 1991, flowrate was
20 MMscfd. 1n June 1992 prior to the shut down of the wIEH, 1t produced z;1t 4 1o
5 MMscfd. This sand was out of production due to excessive water production and

pressure decline (BGFCL. 1998B). The cumulative production trom this well was

42.4 BCE.

Frgura 4 14 Gas Productlon of DU Sand (BK 4} and Total Water
Production of Bakhrabad Fleld
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4.2.5 B Sand

Well BK 5 was completed in B Sand. This sand was tested at wells, BK 1, BK 2 and
BK 5. At Well BK 1 lower part of B Sand was tesied and it praduced 1200 bbls/day of

water along with 22 MMscfd of gas Well RK 2 produced 27 MMscfd gas on a 96/64"

g1l



choke. Condensate production was 0.5 bblMMscf with neghable water production.
Wells. BK 1 and BK 2 were sealed off in B Sand Production test at Well BK 5 showed a
owrate of 29 MMscld on a 44/64" choke with the initial reservoir pressure of 2640 psia
at 6868 feet (DD (6017 feet ‘TVD). Condensaie production was 1.1 bbls/MMscf and
water production was negligible. The absolute open flow (AOF) potential was

260 MMsctd (Welldrill, 198315

Well BK 5 started production in Owctober 1984 Gas production status of B Sand along
with the total water production of the field appears i Figure 4.t5. Production rate
Muctuated throughout the production period at BK 5 of B_Sand During 1990, production

rate was 20 MMsctd with a masimum of 27 MMscfd In Qclober 1994, production from

Figure 4,153 Gas Praduction of B Sand (B S} and Tatal Walsr
Production of Bakhrabad Field
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Well BK 5 of B Sand was suspended due to excessive amounts of sand and water

praduction (BGFCL, 19298B) The cumulative production rom this well was 42,3 BCF.
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Chapter 8

MATERIAL BALANCE STUDY

Material balance analysis has been performed using the conventional method and flowing
well method to estimate both reserves and initial gas in place for Bakhrabad Gas Tield
The second method is specally suitable for Bangladesh situation where regular pressure
tests are not conducted due to cntical demand-supply situation Results of conventional

method and the flowing well method have been compared with those of previcus studies

5.1 Conventional Material Balance Analysis

Conventional matenal balance analysis for a gas reservorr relies on oblaining a straight
Ime on g2z vs cumulative production {G,) graph 1o estimate reserves and initial gas in place

(GIP) This method requires fully built-up reservair pressures. obtained by shuiting 1n the

wells for few days

The accuracy of reserve calculations by the volumetric method is dependent upun the
accuracy of data avalable, mainty on the quality of seismic and log data In a fluvio-deltaic
sequence, as in Bakhrabad, the probability for large errors in estimating rock volumes is
much hugh and, thus, there may be substantial errors in estimating the original gas n place,
using volumetric method On the other hand, the accuracy of reserves caleulated from the
material balance studies is dependent upon the accuracy of the well's production and

pressure data, Unlike the volumetric method. the material balance accounts for reservoir



heterogeneiy and conlinuity variations, which occur within the reserveir The accuracy of
the material balance approach for estimating reserves increases with production and

prassure decling

Diflliculty arises in evaluating the sands due to non-volumetric type behaviour because of
regional water influx or layered reservoir charactcristics, heterogeneous reservoir effacts
such as reservolr comparimenialization, non-uniform regional or zonal depletion levels,

and production from wells drilled in different portions of reservoir at diferent times.

The general form of the material balance cquation was first prescrited by Schilthuis in
141, The equatton is derived as a volumnc balance, which equates the cumulative
observed production, expressed as an underground withdrawal, to the expansion of the

fluids in the reservoir resuiting from a finite pressure drop. The volume balance can be

evaluated in reservoir barrels as
Underground withdrawal (1b) = Lixpansion of oil and originally dissolved gas (rb)
+ Expansion of gas cap gas (rb)
+ Reduction in HCPY due to connate water expansion

and decrcase in the pore volume (rb)

The general form of the materiat balance equation (Dake, 1978}

(A, —B)+(K ~R)B } .
¥ G (Bg - B.) + (NBoi +

Ny B. +(Gp - N, R)) B, = NB, {

N

. €N o,
GB,) {—1——%‘— YApH (W, - W) (5.1)

"MT
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When working with pas reservoirs, there is no initial ail; therefore, M and N, are equal to

zero  The gencral material balance for a gas rescrvoir can then he obtained -

] € FE, .
(i (B, - i) + GBy (Tv— YAP =GB, - (W, - W,) B, {(5.2)

b WL

For most gas reservoirs, the gas compressibility term is much greater than the formation

and water compressibility, and the second term on the lefl hand side of equation {5 2)

becomes negligible,
G(B, - By ) =GB, - (W.- W) 1, (5.3

When there 15 neither water encroachment mto nor water production from a reservoir of

interest, the reservoir is said to be volumetric. lor a volumetric 235 reservoir.

equation {5.3) reduces to
G, - B, ) =GB, {5.4)
Substituting expressions for B, and By, into equation (S 4) yields -

1oz § . ez )
P2y By - G, (L
.?.1-:‘[? .f’M.‘f)l .Ifr,:i?

G Pzl ) (5 5)

Noting that production is essentially an isuthermal process ( ie., the reservoir temperature

remains constant), ithen equation (5.5% is further simpiified to

G(=)-G ()= Go(5) (5 6)
Iz 2 7
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Rearranging :

¥ A ;
{__ = - .'If_ " | £ {5.?}

e
i 4.,.'(_! o

Since p, z,, and G are constants for a given reservorr. plotting p = vs G, would yield a
straight line 1f p/z is set equal to zero, which would represent the production of all the gas
from a reservoir, than the corresponding G, equal to G, the initial gas in place Deviations
from this straight line can be caused by external recharge or oflset drainage. In water drive
reservoirs, the relation between G, and p/z is nol hmear, because of the water influx, the

pressure drops less rapidly than under volumetric control,

3.2 Different Approaches Used in the Study of Material Balance

Because of critical demand-supply situation, pressurc tests are not conducted on a regular
interval in Bukhrabad Gas Field, the same prevails eisewherc in the country. In the
material balance study, due to non-availability of nceded pressure surveys, four
approaches have been taken using {a) siatic bottom hole pressure (SBHP) estimated fiom
shut-in wellhead pressure (b) shut-n wellhead pressure (SWLLP) (c) flowing bottomhole
pressure (I'BIHP) of the wells {d) flowing wellhead pressure (FWHP) Data for approach

{a) and (b) were recorded during occasional shut-ins due to some production problems or

any other reason,

42



5.2.1 Static Bottomhole Pressure, Fstimated from Shut-in Wellhead Pressure:

To record the siatic bottom-heie pressure or the reservoir pressure by downhole Ratge
measurement, the well s required to shut-in for a few days for pressure build up This is
not feasible due to critical demand-supply situation. But different wells of the ficld were
shut-in from time to time because of production problems or any othcr reason and
pressure build up data were recorded in these situations The recorded shut-in welthead
pressure  data was taken from monthly records of Bakhrabad (Gas Field, BGFCL and
corresponding bottomhole pressure were calculated The calculated static bottomhole
pressure 1s, however, not a substitute for the data recorded from a properly designed well
test program. particufarly due to the uncerainty of the degree of pressure stabilization
achieved during shut-in wellhead pressure measurcments. Tn the absence of any well-test
program, this approach can be a good alternative. The following approach 15 used for

estmating shut-in bottomhole pressure from shut-in wellhcad pressure.

(eneral equation for verical flow calculations (Kumar, 1987) is written as follows

j- (=71 pydp
2 (673932107 ML 27 T3 W zp'd ™)

=0 01875y 7 {5.8)

where the units are, p = psia; q,.= Mscfd; d = in; 7= "R; and /., 7 = feet (Z is the vertical

elevation difference between the bottomhole, inlet poini land surface, outlet point 2}

The left integral of cquation (5 8) cannot be evaluated eamly because z is a complex

function of p and ¥, and the temperaturc variation with depth is not casily defined.
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Various simplifying assumptions made in the evaluation of this mtegrat form the hasis for

the different methods that give results ol varying degrees of accuracy

Some methods for vertical flow assume an average temperaturc, in which case

equation {5.8) becomes |

1

J (z/ pudp _D0IRTSy 7
2 1+ {6.7393 < 107 fLgo 2’ T V(zp'd ") T

(L1

{5.9)
For a shut-in well, the flow rate (q or q,.) is equal to zera, and eguation (5 9) simplifies to:

P
j(zr;p}{m =0.01875y,7 (510)
Mk
Liquation {3.10) describes the relationship between the pressure measured at the surface

{or wellhead), p,», and Lhe pressure at the bottom, p..

In calculating the static bottom hole pressure of the wells, Average Temperature and
z-factor Method (Kumar, 1987), is used This meihod i3 used to simplify the left-hand side

integral in equation {5.10) as -

Fuy
2.7, [ (dpip)=0018755 7 (5 11)

e
Upon integration :

o Puy _ 001875y 2
.Iuw.l'f - j

(LI

(512)

Cr.
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001875y,7 I

B = Pnexpl 7 (5.13)
(renerally this is written as

po=p, et (5 14)
where 5 = (0.0375y _Z)/iz, 1.} (5.15)

To determine the average temperature, the bollom-hole temperature and the surface
temperature should be known For static column of gas, an anthmetic average temperature

i5 satisfactory to use For calculating z,, the average pressure is required {in addition to

average temperature) Thus a trial and error type solution is necessary. A good initial

estimate of p.. can be made using equation (Kumar, 1987}

— J”u."l - = ¥
=p 025 (I 316
F'” fﬂ"‘ (IGD}{IHU} { }

The FORTRAN program calculating the péz values of SBHP from the recorded SWHP is

shown in Appendix-1

3.2.2 Shut-in Wellhead Pressore :

In this approach field recorded shut-in wellhead pressure are used to make a plz vs

curnulative production plot. The approach is based on the assumption that there is no

liquid in the wellbore For the material balance study, 2/ z term has been caloulated by the

means of calculating the z-factor using Hall and Yarborough (1973) correlation.
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FORTRAN program for calculating the z-factors for the given pressure is presented in

Appendix-T,

Since slatic gas gradient is very small, the plots set out for p'z using the shut-in wellhead
pressure vs cumulative production for various sands of Bakhrabad Gas Field, should
provide quite acceptabie results Ts method will yield erroneous results if there is a

liquid build up in the tubing,

5.2.3 Flowing Bottomiiole Pressure of the Wells

Theoretically 1t has been understood for many years that original gas in place can be
estimated using measured gas volumes and flowing pressures This method is based on
the pscudosteady statc pressure behaviour, which requires that the rate of change of
pressurc al every location of the reservoir 1s constant, 1t can also be assumed that afier the
attainment of the pseudosteady staie the rate of change of ihe AVETARC reservoil Pressure is
also constant as production continues. Mattar and McNeil {1998) illustrated that original
gas m place can be determined from the Nowing data (pressurc and production) These
guthors have opined that it is possible 1o determine original gas in place with reasonable
certainty when shut-in pressure are not available This procedure requires the flowing sand
tace pressure at the wellbore to be measured for plotting purz vs cumulative production, A
straight Tne drawn through the flowing sand face pressure data and then a parallef line
from the initial reservoir pressure gives the original gas in place. The method of calcutating
the reserves of medium and high permeabilily reservoirs, from Rowing pressure data have

the potential of preventing loss of valuable production, without having to shut-in the well,
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The method is specially suitable for Bakhrabad Gas Field as well as for other gas fields of
Bangladesh where routine pressure testing can not be conducted due to eritical demand-

supply situation

'he flowing bottomhole pressure is calculated from the monthly representative flowing
wellhead pressure and the monthly average pas flow rate of different wells, using the
sofiware Pipesim 3.08 {1998). The recorded flowing wellhead pressure data was taken
from monthly records of Bakhrabad Gas Field, BGFCL. Vor the material balance study,
z-factor for the piz term is calculated using the same FORTRAN program as in the shut-in

welihead pressure case

5.2.4 Flowing Wellhead Pressure:

In this approach monthly average flowing wellhead pressure data are used. The z-factor
for the pz lerm is calculated using the same FORTRAN program as in the &hut-in

wellhead pressurc The Mowing wellhead pressure data was taken from monthly records of

Bakhrabad Gas Field. BGFCL.,

Matlar and McNeil demonstrated in the “Rowing” material balance method that the
wellhicad pressure also has a similar trend of decline as the sand-face pressure This is true
when single phase gas flows through the well and there is no liquid build up in the tubing
While studying the plots for pez of FWIIP vs cumulative production, it has been observed
that the apparent gas in place figures of the various sands of Bakhrabad Gas Field are
lower than those obtained from static bottomhole pressure and shut-in wellhead pressure

methods This makes sense because lowing wellhead pressure decreases from the shui-in
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wellhead pressure because of [rictional losses, The straight line drawn from the initial
wellhead pressure in paraliel to the flowing welthead pressure data gives the onginal pas

in place

In ths study interference in pressure data due to production of other wells of the sand, wil

affect the accuracy of the results,

5.3 Discussion on Sand-wise Material Balance Results

In this section the results of the matcrial balance study using the different approaches
have been presented. In the sand-wise discussion gas in place value of all the wells of the
sands are evaluated using the four different methods of material balance study, i.e.,
(1} SBHP (2) SWIIP (3) FBHP, and (4) FWHP Tor all the wells of the different sands
and finally for the sand itself gas in place valucs are estimated from the plot of piz vs
cumulative production. Remaining reserve is calculated from the graphs assuming the

abandonment 7% (o be 1000 psia. based on SBHP approach.

In recent years, Bakhrabad Gas Field is producing signilicant amount of water. However,
separator 1s located downstream of the common header, which only gives the total amount
of water produced from the field. With this total water production data, it is not possible
to find the amount of water produced from the sands and the wells individually. Therefore,

water production of the individual wells can not be incorporated in the material balance

study.
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5.3.1J Sand

There are four wells in J Sand, 1c, BK |, BK 6, BK 7 and BK 8. Material balance studies
have been vonducted at each of these wells using the respective well data All four

approaches ol material balance study have been applied at each well.

Well BE |

The p'z vs cumulative production graphs of Well BK 1 for siatic bottom-hole pressure,
shut-in wellhead pressure, flowing bottomhale pressure and flowing wellhead pressure
appears in Figure 5.1, Figure 5.2, Figure 5.3 and Figure 54 respectively. The initial
uptrend of the pressure points of the plots is because of the fact that only BK 1 produced
from J Sand during the years 1984 to 1989 Thus pressure declined at a much slower rate
initially. But when wells, BK 6, BK 7 and BK & came into production in late 1989, the

pressure started to fall at a much faster rate.

Gas in place values estimated from the plots of p% vs cumulative production using the
static bottomhole pressure, shut-in wellhead pressure, flowing bottomhole pressure and

flowing wellhead pressure approaches are 155,46 BCF, 153 56 BCF, 155 00 BCF and

155.00 BCl respectively.

As of August 1998, the cumulative production from Well BK 1 was 96.7 BCFE. Assuming
the gas in place value for Well BK 1 as 155.46 BCF, reserve at the abandonment pz of

1000 psia is 115 BCF. Remaining reserve for this location is 18.3 BCF The recovery of

this well till August 1998 is 62.38%.
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Well BK 6

Figures 55 through Figure 5.8 present pz vs cumulative production graphs of the
Well BK 6 for the methods of static bottemhole pressure, shut-in wellhead pressure,
fowing bottomhole pressure and Aowing wellhead pressure respectively, From the figures
1t can be estimated that the gas in place values of SBHP, SWHP, FBHP and FWHP are

85.14 BCF, 84.62 BCF, 85.00 BCF and 89.00 BCF, respectively.

As of July 1998, the cumulative production from Well BK 6 was 50 2 BCE, Assumning the
gas in place value for the J Sand, Well BK 6 location as 85 14 BCF, reserve at the
abandonment pz of 1000 psia is 58 BCF. Remaining reserve for this location is 7.8 RCF.

The recovery of this well till July 1958 is 59%. Well BK 6 was watered out in July 1998,

Welt RK 7

Figures 5.9 through Figure 5 12 show the material balance plots of the four different
approaches of Well BK 7. Gas in place values using methods SBHP, SWHP, FBHP and

FWHP are 115.22 BCF, 115 42 BCF, 118 50 BCF and 121.5.00 BCF, respectively.

As of August 1998, the cumulative production from Well BK 7 was 65.8 BCF, Assumning
gas in place value for J Sand, Well BK 7 as 115.22 BCF, reserve at the abandonment Pz
of 1000 psia 15 79 BCF Thus the remaimng reserve for this location is 13.2 BCFE. The

recovery of this well till August 1998 is 55,52%,
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Figure 5.5 P/T of Static Bottomhole Pressure Ve Gumulative Production o1 el BK ¥ o J Seand
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Figure 5.7 FiZ of Flawing Battesnbale Pressurs Ve Gumulative Production i Well BK 6 of J Sand
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Well BK 8

The p/z vs cumulative production plots using the approaches static bottomhole pressure,
shut-in wellhead pressure, Rowing bottomhale pressure and flowing wellhead pressure of
Well BK 8 of ] Sand are set out in Figure 5 13, Figure 5.14, Figure 5 15 and Figure 5.16,
respectively. Gas in place valucs of the four approaches are veryl-:lnse and are ﬁ:nurln:i to be
$9.54 BCF, 100 BCF, 102.00 BCF and 104.00 BCF for the approaches of SBHP, SWHP,

FBHP and FWHP, respeclively.

As of August 1998, the cumulative prodyction from Well BK 8 was 59.1 BCF. Assuming
the gas in place value of Well BK 8 as 99.54 BCF, reserve at the abandonment pz of
1000 psia is 70 BCF Thus the remaining reserve for this location is 10.9 BCF. The

recovery of this well till August 1998 is 57.94%.

Table 5.1 presents the gas in place values of J Sand using the four approaches of this
study. Based on the results of SBHP approach, gas in place of I Sand would be
455 36 BCF. which is below the pgas in place estimates of Wellddll (1990), TKM {19903,
Petrobangla (1993) and Mobil {1997) as shown in Table 5.2. The cumulative production
of J Sand till August 1998 is 271.8 BCF. The remaining gas of this sand is 183 56 BCF.
Assuming the abandonment p-z of I Sand as 1000 psia, the rcmvere;ble reserve is 322 BCF

and the remaining reserve is 50.2 BCE. Thus, the recovery of J Sand as of August 1998,

is 59%

While studying the  Sand differences have been observed in gas in place values estimated

at different well locations. This happened because different wells have different
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Figure 5,13 PT of Slatic Bottomhele Pressurs Ve Comulative Production at Weli BK 8 of J Sand
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Figure §.16 FYZ of Flowing Bolombole Pressure Wy Cumulative Froduction at el BK 9 of J Sz

o A0 40000 amm B0 100000 120000
Cuomutative Pradw-ton, MMet

Flgure 515 PIZ of Flowing Wellhaad Pressure o Gumulative Preduction at YWell EK 8 of J Sard

3000

250G

00

1300

AL psia

1600

500 4

1] 20000 40000 &0000 B0 100G00 1000
CumuitiveFroduction, MMecf

59




Table 5.1 Present Status of J Sand:

J Sand OGIP, BCF Reserve | Cum, Remaining | Recov
{BCF) | Prod. ! Reserve %
(SBHP) | (BCF) | (BCF)

SBHP | SWHP | FRHP tWHP

BK i 135 46 [ 153.56 | 155.00 155.00 116 Y47 19 3 62.38%

BK 6 85.14 | 8462 | 8500 89.00 60 50.2 0.8 39.00%

BK 7 11522 [ 11542 | 11850 | 121 50 44 65 8 18.2 33 52%

BK 8 9954 | 10600 | 102700 104.00 72 59.1 129 57.94%

Totai (J} | 455.36 | 453,60 460.50 | 469 50 332 271 & 602 39.00%

Table 5.2 Comparison of gas

itt place (BCF) estimates of J Sand by different

studies using

material balance method

Welldrill IKM Petrobangla Mobil Present study
{1990) (1990) (1993) {1997) {SBHP)
585 o7 he3 HO6 455 36
3.3.2 G Sand

G Sand comprises of the wells,

The material balance analysis has been conducted well-wise using the four approaches,

BK 3 and BK 4. Welf BK 4 was watered out

The foliowing sections present the results of the analysis,

Wefl BK 3

The pZz vs cumulative production graphs of SBHP,

Well BK 3 are shown in Figures 5.17

&t

through Figure 5.20,

SWHP, FBHP and FWHP of

in June 1998
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73700

Gas in place values of different methods are very much similar. The approaches of SBHP,
SWHP. FBHP and FWHP have yiekled a gas in placc value of 185 00 BCF, 186.00 BCF,

184 00 BCF and 190.00 BCF, respectively

As of August 1998, the cumulative production from Well BK 3 was 98.3 BCF. Assuming
the gas in place valuc for the G Sand, Well BK 3 location as 185 BCF, reserve at the
abandonment 2 = of 1000 psia is estimated as 135 BCF. Thus, the remaining reserve for

this location is 36.7 BCF. The recovery of this well ill August 1998 is 53 14%.

Well BK 4

The p'z graphs of the different approaches of material balance study for Well BK 4 of
G Sand appears in Figures 5.21 through Figure 5.24. Well BK 4 of G Sand was watered
out in June 1998. Gas in place values of the SBIHP, SWHP, FBHP and FWHP approaches

are estimated to be 3850 BCF. 37,50 BCF, 32.00 BCF and 31.00 BCF, respectively

The p.z graph of static bottom-hole pressure of Well BK 4 shows the gas in place to be
38.50 BCF  As on June 1998, the cumulative production from Well BK 4 is 13 5 BCFE.
Reserve at the abandonment gz of 1000 psia is 23 BCF. Thus the remaining reserve for

this location 15 9.5 BCF The recovery of this region of the reservoir till June 1998 is 35%.

Gas in place valuc of G Sand assuming SBHP approach is estimated to be 223.50 BCF,
which is below the gas in placc estimates of Welldrill (1990), IKM (1990), Petrobangia

{1993) and Mohil {1997). Table 5.3 showsthe GIP estimated by the four approaches

G3
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Figure 523 PfZ af Fiowing Bottombole Preasure Vs Cumuolative Production at Well BX £ of G Sand
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along with remaining reserve and recovery. The cumulative production of this sand till
Angust 1998 was 111.8 BCF The remaining gas in place of this:. sand is 111 80 BCF.
Assuming the abandonment p/z of G Sand as 1000 psia, the recoverable reserve is
158 BCF and the remaining reserve is 46.2 BCF. Thus, the recovery of G Sand is 50%.
Table 5.4 compares the GIP estimated by this study with that of Welldrill {1990},
IKM (1590}, Petrobangla (1993) and Mobil (1997). GIP estimates of Wellddll and [KM
are considerably higher than this study, but GIP estimates of Petrobangla (1993},

Mobil (1997) and this study are very close

Table 5.3 Present Status of’ G Sand-

{r Sand OGIP, BCF Reserve | Cum. | Remaining | Recov
(BCF) |Prod. | Reserve %o
(SBH} | (BCF) | (BCF)
SBHP SWHP | FRHP FWHP
BK 3 185.00 | 186 00 | 134.00 | 190.00 | 135 93.3 367 | 53 14%
BK 4 3850 | 3750 | 3200 | 3100 23 13.5 Q.5 35%
Total (G) | 223 50 | 223.50 | 216.00 | 221.00 158 1118 46.2 50%

Table 54 Companson of gas in place (BCF) of different studies conducted on G Sand'

Welldll TIKM Petrobangla Mobii Present study
{1990) (1990} (1993} (1997) (SBHP)
370 318 2455 244 223.50
5.3.3 DL Sand

DL Sand is produced by wells, BK 2 and BK 5. Well BK 5 was watered cut in May

1997. Material balance study has been conducted on both these wells using the four

approaches.

7141



Well BX 2

The pz vs cumulative production graphs of the four different approaches for Well BK 2
of DL Sand is presented in Figures 5.25 thtough Figure 528 Gas in place values of
SBHP, SWHP, FBHP and FWHP approaches are 118.0 BCF, 118 ¢ BCF, 120 BCF and

120 BCF, respectively

As of August 1998, the cumulative production from Well BK 2 is 76.5 BCF. Assuming
the abandonment p/z to be 1000 psia, the recaverable reserve is 84 BCF and the remaining

reserve is 7.5 BCF. Thus, the recavery from this region of this well is 64.83%.

Welf BK 5

The p/z vs cumulative production of four different approaches for this well are gresented
in Figures 5.29 through Figure 5.32. Gas it place values of the different methods are VETY
close. The gas in place values of SBHP, SWHP, FEHP and FWHP are estimated to be

27.54 BCF, 27 54 BCF, 25.00 BCF and 27.50 BCF, respectively.

As of August 1998, the cumulative production of Well BK 515 8.9 BCF. As ablained fom
SBHP approach gas in place value of Well BK 5 is assumed to be 27.54 BCF. Assuming
the abandonment p/z to be 1000 psia, the recoverable reserve is 14 BCF and the remaining

reserve is 5 1 BCF. Thus, the recovery from this region of this well iz 32,32%.

Table 5.5 shows the GIP estimates of the four approaches of wells, BK 2 and BK 5, along

with their remaining reserve and recovery. The pasin place estimate of the two wellg

a7
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Flgure 527 PiI of Flowing Battomhole Pressure Va Sumuletive Productlon st Well BX 2 of DL Land
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considering the static bottom-hole pressure approach is 14554 BCF TI'he cumulative

production of the sand till August 1998 was 85.4 BCF The remaining gas in place of this

sand is 60.14 BCF  Assuming the abandonment p/z of DL Sand as 1000 psia, the

recoverable reserve 1y 98 BCF and the remaining reserve is 12.6 BCF Thus, the recovery

of DL Sand is 58.68%. Table 5 6 compares the GIP estimate of this study with that of

Welldnll (1990), IKM (1990), Pelrobangla (1993) and Mobil (1997). Estimate of this

study 15 very close with that of IKM, although estimates of Welldrill, Petrobangla and

Mabil are a bit higher

Table 5 5 Present Status of DL Sand

DL Sand OGIP, BCF Reserve | Cum | Remain, | Recov.
{(BCF) Prod | Reserve | %
(SBHP) | (BCF) | (BCF)
SBHP SWHP FWIHP
BK 2 11800 [ LIS00 | 12000 | 12000 | &4 76 5 75 64.83%
BEK 3 27 54 27 54 24 50 27.50 14 5.0 5.1 32.32%
Total (DL | 145 534 | 14554 | 14430 | 147 50 08 854 12.6 38 88%

Table 5 6 Comparison of gas in place (BCF) estimates of different studies conducted on

DL Sand
Welldril! [KM Petrobangla Mobil Present study
(1990) (19%0) (1993) {1997) (SBHP)
200 14% 176 175 145, 54
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53.4 THU Sand

DU Sand was produced by Well BK 4. This well was watered out in October 1992 The

p‘z vs cumulative production graphs of four different methods are set out in - Figures 5.33

through Figore 5 36 Gas in place values of the four different approaches show the same

value and is 150 BCF

Till October 1992, (his sand produced a total of 424 MMscf of gas. Assuming the

abandonment p/z as 1000 psia the recoverable reserve is 106 BCF Thus, the remaining

reserve is 63.6 BCF The percentage of recovery of DU Sand is 28.26%. Table 5.7 shows

the GIP estimates of the four approaches of DU Sand, along with the remaining reserve

and recovery. Table 5.7 compares the gas in place values of other studies with that of this

study,

Table 5.7 Present Status of DU Sand:

DU Sand OGIP, BCF Reserve | Cum. | Reman. | Recov.
{RCF} Prod, | Reserve | %
. (SBHP) | {BCF) {BCF)
SBHP SWHP FBHP FWHP
BK 4 150.00 [ 150.00 | 15000 [ 15000 | 106 | 424 | 636 | 2826%

Table 5 8 Comparison of gas in place (BCF) estimates of different studies conducted on

DU Sand.
Welldrill IKM Petrobangla Mobil Present study
{1590) (1990} (1993) {1997) (SBHP)
167 150 222.4 187 150

T3
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Figure 5 35 R/Z of Flowing BEoltamhole Pressure Vs Cumulative Praducthon at Weall 24 4 of DiJ Sznd
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5.3.5 B 5and

B Sand was produced by Well BK 5. This well was watered out in July 1994 The p’ vs

curnulative production plots of Well BK 5 are presented in Figures 5.37 through Figure

5.40. Gas in place values of the four approaches are very close and are found to be

153 06 BCF, 153 00 BCF, 151.00 BCF and 154.00 BCE for the approaches of SBHP,

SWHP, FBHP and FWHP, respectively

Till July 1994, this sand produced a total of 42.3 BCF Gas in place value of B Sand is

assumed to be 153 BCF. Assuming the abandonment p/z to be 1000 psia, the recoverable

reserve is 103 BCF. The remaining reserve 15 60 7 BCF, Thus, the percentage of recovery

is 27.65% Table 5.9 presents the gas in place values of B Sand using the four approaches

of this study Table 5.10 compares the GIP values of this study with that of

Welidrill {1990}, IKM (1990), Petrobangla (1993} and Mabil (1997).

Table 5.9 Present Status of B Sand.

DU Sand 0OGIP. BCF Reserve | Cum. [ Remain | Recov.
{(BCH) Prod. | Reserve | %
(SBHP) | (BCF) | (BCF)
SBHP SWHP FBHF FWHP
BK 3 153.00 | 153.00 | 15100 | 15400 | 103 | 423 | 607 | 27.65%

Table 5.10 Comparison of gas in place (BCF) estimates of different studies conducted on

B Sand:
Welldnll IKM Petrobangla Mokl Present study
{1950) (1990) (1993) (1997 (SBHP)
231 145 166.6 167 153
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Figure .37 PiZ of Statlc Bolowhole Pregsure Vs Cumulative Production at Well BK 5 of B Sand
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Figure 5.39 P/Z of Flowling Battgmhole Pressore Vs Sumulative Production at Wall BK %SofB Sand

4003 20

BEOH 00 [——

soec oo )

2500 00— " oy
N -
200d oh \ =

by,
4

-
1500 00 ]
HHH T
e
T
1000 08 -
1 B .
- -
H‘\:HH‘
500 05 + bt B —
- e
-
e
0oo e
3] Zuong 40000 BOOoD ACDNI0 o000 120000 143300 TR0

Cumulative Produclian, MM scl

Figure & 40 P{Z of Flowing Wellhead Pressure Va Cumulative Production at Well BK 5 of B Sand

e 04

2500

1500

PIT, pein

10D

[
n- | _
0 0000 40000 EO000  BMOOD OODOD OG0 140000 180000 1BOOOD

Sumuintlve Praducilien, MMect

73



The above results show that all the sands of the Bakhrabad Gas Field are volumetrc
There is no significant aquifer support for any of the sands -This is evident from the
straight line nature of the gz vs Gr plots for various methods initial water saturation {Sw)
of Sands B, DU, DL, G and I are 0.4, 0.24, 031, 0.3 and 0.26, respectively {Welldrill,
1983F). Whereas the imeducible water saturation (Sy;.) of all the sands has been assumed

as 0.22 ( Laboratory, 1989). Therefore, water production is due to the mobile water

present in the sands,

Gas in place estimate of the producing sands of the Bakhrabad (Gas Field is assumed to be
11274 BCF, as obtained from SBHP approach. As of August 1998, cumulative
production of Bakhrabad Gas Field was 553.7 BCF Therefore, the recovery of the §28s in
place is 49%. Material balance estimates in sands having myltiple wells have a higher
degrec of uncertainty due to the interference effects when all the wells are not shut in
simultaneously. Table 5.11 summarises the present status of the wells of Bakhrabad Gas
Field. Table 512 shows the summary of the comparison of gas in place (BCF)

valucs of different studies conducted on dilferent sands of Bakhrabad Gas Field.

Table 5.11 shows the gas in place estimates of the wells based on SBHP method It also
shows the recoverable reserves of the wells of the various sands, assuming an
abandonment 'z of 1000 psia, remaining rescrve and the recovery are aiso set out in this
lable This table shows that with abandonment p.z of 1000 psia, the recoverable reserve of
all the sands is 797 BCF [n reference to the amount of gas produced till August 1998, an
additional 243.3 BCF gas should be produced from the field under the present production

system. The rate at which the production and wellhead pressure are falling, it is very

79




Table 5 11 Summan of gas in place (P/Z plot, SBHP method) of Bakhrabad Sands.

Well | Sand Datum | P*(Initial) psia | Opération | P(Static) GIP Recaover. G, Remain. | Recovery
Depthift) Suzpended | B.H.P{Shut- {BCF) | Reserve at (BCE) Reserve %
{(T¥D) in-Pressure) {SBHP) MMZ of {Aug'98) | (BCF)
psia 1004 psia
BE-| 7360 3203(Aup. 83) 1326{Aug "98) 15540 116 06,7 193 £2%
BEK-6 ] 7230 2988(Dce."89) | July 93 1385{Apr "9R) 35,14 6l 50.2 Oy 59%
BK-7 7141} 2973{Dec "8W) [320{Aung. 98) 11522 24 65 8 8.2 368%
BEK-3 7260 3035{Dec,"89) 1320{ Auz."98) o4y 54 72 591 124 58%
Total 455 36 332 271.8 6 2 59%
()
BK-3 6910 319000ct "86) 1595{ Ay, 98) 185 133 a8 3 367 33%
BK-4 G FO00 210000t 94) | Fun. 0% 182 Apr.'57) 38 50 23 135 95 35%
Tatal 2723 30 [5% 111.8 462 0%
Q)
BEK-2 6630 2952({May’84) 1245{Aug "38) il8 84 76.5 735 5%,
BK-5 | DL 6676 1930(Dec.”94) | May’97 1382(Apr.’97) 27.54 14 39 3.1 32%
Total 145 54 98 254 12.6 59%
(DL)
BK-4 | DU (546 2R3 0ct.’86) | Oor,92 1655({Mar "94) 150 106 424 63.6 28%
BK-5 B 5967 2693{0ct."84) | Jul 94 1924 Apr. 94) 153 103 423 a7 28%
Taotal 1127.40 797 353.7 2433 49%,
(BK}




(B4

Table 5 12 Companison of the GIP (BCF) estimates of different studies. conducted on Bakhrabad Gas Field, using material balance method

Sand WellDrill IKM | Petrobangla | Mobil | Present study | Present study | Present study | Present study
(1950} (1990} {1993} (1997) SBIIP SWHP FBHP FWHP

J 545 357 663.0 666 455.36 433.60 460.50 469.50
G 370 318 2455 244 223.50 223.50 216.00 221.00
DL 200 148 1760.0 175 145.54 145 54 144 .50 147 50
DU 167 130 180.3 187 150.00 130.00 150.00 150 00
B 231 145 166.6 167 153 00 153 00 151 00 154 00
Total (BK) 1553 1388 1433 4 1435 1127 40 1125 64 1122 00 114200




unlikely that remaining 243.3 BCF pas can be produced by the exisling system which is a

strong mdication that the reservoir has been damaged by overpraduction.

GIF comparison of Table 5.12 shows that the gas in place estimates of Welldrilt (1990},
TKM (1990}, Petrobangla {1993) and Mobil {1997) are close but higher than this study.
GIP obtaincd by Welldrill is about 37% higher whereas that obtained by IKM is 23%

mgher compared to this study.
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Chapter 6

RESERVOIR SIMULATION

The producing reservoir sands of Bakhrabad Gas Field have been simulated by history
matching and thereafier production forecasts have been made using a commercial
reservorr sumulator  Tmplicit compositional model has been used to simulate the reservoir,
Compositional simulators can model performance of wvolatile-cil and gas condensate
reservous in which phase compositions vary widely with pressure. The confidence levei of
the forecasts depends heavily on the accuracy of the geological data as well as the fluids

and reservoir properties.

6.1 Reservoir Simulator

Numerical reservoir simulator Lxodus 2.2 (1995) is a general purpose compositional
medel for simulating black oil, gas or gas condensate, and volatile oil reservoirs. The
mmposiﬁﬂnall formulation of the model accurately represents phase behaviour for
treatment of vartabie points, mixing of different PVT regions, tracer tracking and
differentiation of injected and in-place fluids. The transter of any component between the
oil, gas and water phases is calculated using equilibrium ratios. Tn this modet black oil data

are internally converled to compositional models

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

rectangular (x-y-z) or cylindtical (r-@-z) coordinates, with any combination of oil, £as ot
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water phases, and charactcrizing the reservoir fluid into one or more components.
Interblock mass transfer is represcnted by Darcy's law with relative permeability, capillary
pressure and gravity effects. The reservoir description capability includes natirally
fractured and communicating faulted reservoirs Dual porosity/dual permeability reservoirs
may be simulated. The model also allows special connection of non-neighbouring grid cells
for unconventional problems. Wells can be vertical, deviated or horizontal. Multiphase

correlations are fully coupled to provide pressure losses in the tubing.

EXODUS has non-linear regression parameters built into it whereby the program user may
find the best values of porosity. permeability, relative permeability that will match
observed field story. This is commenly known as automatic history matching. This

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

5.2 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 patial differential equations. In addition to five and nine point finite

difference approximations. the model aliows the linking of any pair of grid cells for mass

transfer.

In finite difference formulation a partial differential equation is converted to a finite
difference equation using the Taylor series expansion. The reservoir 15 discretized to a

number of blocks and each block is represented by a finite difference equation. The
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boundary conditions arc also converted io a corresponding finite difference equations
These result in a set of algebraic cquations whicl is then sofved 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 Nq

components

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

N r N

E?|V?~£€"IX_M{,&P+ AP — yﬂ;ﬁz}} = i{-o‘ ¢Z o8, I"J + g, (v 1)
n=| _ ,u.q H=|

where the terms are - I'= transmissibility; £ = relative permeability, AP = pressure drop;
AP= capillary pressure drop;, y= specific gravity, = volume; Ar= length of timestep;

£ = density, ¢, = production rate

The interface mass transfer is handied by means of K vahies. Thus for each pair of phases

€.g. , oil and gas
¥ =KX (6.2)

where y; is the mole Faction of component, i, in the gas phase, K, is the interface mass

transfer coeflicient for the component i, X; is the male 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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X, =10 . (6.3)

A saturation constraint equation:

35, =10 (6.4)

H=

completes the equation set

6.3 Reservoir Grid Description

Partial differential equations that describe fluid flow in reservoirs are solved numerically,
by discretising the differcntial equations with difference equations. To use difference
equalions, reservoir is treated as if 1t is composed of discrete volume elements and
changes mn conditions within each volume element are computed over each of many

discrete time intervals. Reservoir volume elements are termed a5 gridblocks.

A three-dimensional grid model for cach of the developed sands of Bakhrabad Gas Field
was used for 1th+3 simulation purpose to predict the future performance of the reservoir.,
The individual sands were modeled and simulated individually. Figure 6.1 shows the grid
system used in this study The reservoir sand to be simulated is divided into 12 grid blocks
in 1 direction and 7 gnd blocks in J direction. The number of grid blocks in the vertical
direction varies with the thickness of the sand The different sand layers of Bakhrabad Gas

Field used in the simulation is shown in Figure 1,
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The five developed sands of Bakhrabad Gas Field correspond to B, D Upper, D Lower, G
and } Sand. The net isopach maps for the developed gas sands are presented in Figures 6.2
through Figure 6 6. Three dimenstonal model has been used for simulating the reservoir,
based on the net isopach maps of different sands The net 1sopach maps used in the model

were prepared by 1KM (1990) from information provided by Petrobangla.

A 12x7x5 grid model for ] Sand distributes the vertical layers as 13 fi, 3x50 Al and 75 A
with a net thickness of 238 8 A 12x7x2 grid model for G Sand includes the vertical layers
as 2x50 1l with a net thickness of 100 & A 12x7x2 grid medel for DL Sand comprises of
vertical layers as 2x50 R with a nel thickness of 100 R, A 12x7x4 grid model for
DU Sand distributes the vertical laycrs as 4x20 11 with a net thickness of B0 fi. A 12%7x3
grid model for B Sand comprises of vertical layers as 3x40 R with a net thickness of

120 fi. The above features have been used as the grid model for simulating the five

developed sands of Bakhrabad Gas Field,

6.4 Simnlation Input Parameters

Maost of the input parameters used in this study are taken from the previous studies
conducted by Welldrill (1983, 1990) and TKM (1 990). The rock and fluid properties have
been assumed uniform throughout the model. The necessary data for the simulation study
have been derived from geclogical and geophysical study, core-analysis, well-log analysis,
well-test results compiled by Welldrill {1983, 1990} and TKM (1990) BGFCL provided

the production data of different wells and sands,
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Figure 6.2 Net Pay [sopach Map of Bakhrabad 1 Sand
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Figure 6.3 Net Pay Isopach Map of Bakhrmbad G Sand
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Figure 6 4 Nel Pay Isopach Map of Bakhrabad Lower D Sand
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t1gure 6.5 Net Pay Isopach Map of Bakhrabad Upper D Sand
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Figure 6.6 Net Pay [sopach Map of Bakhrabad B Sand
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Saturation, Cegnilary pressure and Relative Permeabifity Parameters

Irreducible water saturation and residual gas saturation are taken to be 0.22 and 03
respectively (Laboratory, 1989) Capillary pressure and Relative permeability data are not

available and these values have been calculated using Honarpour correlations of Exodus.

The values are presented in Table 6.1

Table 6.1 Water saturation, relative permeability and capiilary

pressure values used in this study.

Sw Krow Pew Kay Pcy
{psia} (psia)
02 0 7 0.77992 3.9
0.24231 3.00287 4 036414 3.5
0.28452 0.00586 3 0.32191 3
0.32832 0.00941 25 0.28184 2.5
0.36923 2.01341 2 0.24392 pd
041154 0.01819 1.5 020817 1.5
0.45385 0.02408 1 0.17458 1
0.49615 0.03143 05 0.14315 0.5
0 53846 0.04072 0.25 0.11388 0.2
0.58077 005248 0 008674 0
0.62308 0.06727 0 0.05185 0
0 65538 0 DB5S8S 0 0.03907 0
0, 70769 0. 10899 #] 001845 o
075 0.13756 8] 0 0
1 0.47719 0 0 0

FVT Properties

Formation volume factors and  viscosity of gas and water used in this study are tabulated
in Table &2 Formation volume {actor, B, and gas viscosity, 1, values used in the
simulation are correlated values of Belabo Gas Field (IKM, 1990D). Formation volume

factor, By and water viscosity pa values arc not known from the available literature and
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therefore have been assumed. Summary of gas formation volume factors of different

sands are shown in Table 6 3 (Welldrill, 1983F).

Table 6 2 Gas formation volume factor, pas viscosity, and water formation volume

factor and water viscosity values used in this study.

Pressure B, ng B Hor
{psia) {rcfiscf) {cp) {rb/stb) {cp)
74.3 0.250665 0.0133 0.8606 0.31
324 3 D.05627 00135 0 95988 0.31
5743 0.031192 00138 0959186 0.31
824 3 0.02138 0.0142 0.95772 o
1074.2 Q0.018178 0.0146 0.95484 0.31
1324 3 0.012972 0015 09534 0.31
1574.3 0.0108159 0.0158 0.85196 0.31
1824.3 0.0092762 0.0161 0.84808 0.31
20743 0.0081224 0.0167 0.83487 0 31
2324 3 7 25E-03 0.0174 0.833685 0.31
2574.3 0.0065496 0.0181 0.93124 0.31
2824 3 5.99E-03 0.0188 0.82814 031
3074.4 0.0055301 0.0185 0.52841 0.3
3324.3 5.15E-03 0.0203 0.52744 0.31
35743 0.0048289 0.0211 0.82825 0.31
3824.3 0.0045558 0.0219 0.82458 0.31
4074.3 0.0043214 0.0227 092322 D31
4324.3 0.0041173 0.0235 0.92247 0.31
4574.3 3.84E-03 0.0243 0.92133 0.31
4824.3 0 0037832 0.0252 091811 (.31

Table 6 3 Summary of the gas formation volume factors of different sands.

Sand 5,=(1-5.,) Gns Temp ("F) Z FVF {B,)}
Gravity

] 074 0,593 1¥4 {928 0.00526

G 07 03577 185 01,931 0.00522

DL 0 69 0 585 178 0.816 0.00555

DU 0.76 0,58 176 0915 0.00565

B 36 0577 171 (.91 {1 00607
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Porosity, and Rock Compressibility

Porosity and rock compressibility values of different sands are shown in Table 6 4. These

parameters are taken from reports of Welldrill ( 1983, 1990).

Weil Parameters

Thickness of the different layers of the sands are abtained from the net iscpach maps

(IKM, 199GB) Average thickness. well diameter, permeabilily and initial pressure values

of the different sands have been obtained from the well completion reports compiled by

Welldrill (1983, 199G) These values are shown in Table 6.4

Table 6.4 Porosity, permeability and rock compressibility values of different sands.

Sand | Waell Pay Sand Avg, Porosity Permecahility Rock
Subsea Reservoir {md) Compressibility
Comp. Zone Thickness (1fpsi)
(TYD) (ft)
(i)
BK-1 7001-7331 374 0,17 691 0.0000039
J BK-4 FO71-7309 .17 114 0.0000039
BK-7 6563-7275 017 174 0.0000039
BK-% 04 5-7383 0.17 e 0 0000035
BK-3 6806-693% 512 0.19 9% 84 0 0000037
G | BK4 6983-7108
BEK-2 6551-66472 49 4 0.21 539 0 DO0OO3T
DL { BK-s ol -6707 r.-_
DU | BK4 04 1-6546 316 {2 204 QO000036 “wr
B | BK-5 5883-6030 635 .26 4541 0 0000032 ™

L
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6.5 Discussion on Simulation Resulis

Simulation results including the history matching of various sands of Bakhrabad Gas Field
is discussed in this section. Bakhrabad Gas Field has been simulated till 2010, The
prediction of future field performances involves prediction of the reservoir pressure
depletion along with the offlake rate of reservoir fuids It is important that for a model 10
behave like the actual reservoir it must mathematically incorporate all the physical aspects
of the actual reservoir The only available way to test the model is to simulate past

performance of the reservoir and compare the simulation results with actual, historical

performance.

6.5.1 History Matching

The process of hstory matching is very useful and powerful reservoir description
technique although it has inherent non-uniqueness problem associated with it. The key
factors such as. gas rate and rescrvoir pressure deplefion with time of the model are
compared with the actual reservoir performance Daily wellhead pressure data and gas
rates were assimilated on a monthly average basis for history matching. A good match
validates the reservoir model used The gas rate and reservoir pressure depletion along
with the modei output for all the wells and the sands of Bakhrabad Gas Field are displayed

graphically using Exodus
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6.5.1.1 J Sand

J Sand consisis of wells, BK |, BK 6, BK 7 and BK 8, History matching and production
forecasting have been conducted for each well, as well a3 for the sand 2s a whole. The
permeabifity of the sand 15 691 md, the best among the five developed sands. The top most
depth of the sand at Well BK | 15 7001 1t and base at 7331 A. The net thickness of this

sand 1s 238 ft with an average thickness of 87.4 &. The porosity and rock compressibility

of this sand is 0.17 and 0.0000039 psi"' respectively,

Well BK {

The simulated results along with the history matching of gas rate and pressure depletion
for Well BK 1 arc sel out in Figure 6.7 and Figure 6.8. Figure 6.7 shows production rate
vs time whereas igure 6.8 shows the pressure decling with time at Well BK 1. These
figures show a good match belween the historical data and the simulated results for both
the production rate and pressure decline Both simulated and the actual data show a
drastic production and pressure decline at this well and the hpures show a gas rate of

6 MMscfd will be prevailing with the pressure declining to 1283 psia during the year 1999,

Well BK 6

Figure 6.9 and Figure 6 10 presents the simulated result and the actual historical gAS rate
and pressure depletion of Well BK 6. These figures also show a good match of the

historical data with the simulaled results Well BK 6 was watered out in July 1998,
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Gas Prod Rate, MMscl/d

Figure 6.7 Simulated and Actual Production
History of Well BK 1 of J Sand
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Figure 6.8 Simulated and Pressure
History of Well BK 1 of J Sand
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Figure 6.9 Simulated and Actual Production
History of Well BK 6 of J Sand
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Well BK 7

The simulated result along with the actual historical gas rate and pressure depletion for
Well BK 7 appears in Figure 6.11 and Figure 6 12 These figures show that the
simulated results compare well with the historical data From the figures it can be seen
that the flow rate and pressure will decline to 5 MMsctd and 1243 psi1a, respectively afler

the year 2000

Well BK 8

Figure 6.13 and Figurc 6 14 show the simulated resull aiong with the historical £as rate
and pressure depletion of Well BK 8. These figures also show that the simulated results
compare well with the historical data. These figures show that the low rate and pressure

will decline to & MMscfd and 1243 psia, respectively afier the year 2000.

The simulated gas rate and the reservoir pressure depletion vs time with the historical rate

and pressure data of J Sand as a whole are shown in Figure 6 15 and Figure 6,16,

History matching of gas rate of J Sand has been conducted by adding the actual monthly
average gas rate values of all the wells ie, BK 1, BK 6, BK 7 and BK 8 Since the
required pressure survey data is not available, history matching of pressure depletion of
I Sand has been performed using calculated static bottomhole pressure corresponding to
the recorded shut-in wellhead pressure of Well BK 1 Figure 6.15 and Figure 6.16 show a
good match between the simulated results and the historical data. Both production rate

and reservoir pressure compare well with corresponding historical data
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Figure 6.11 Simulated and Actual Production
History of Well BK 7 of J Sand
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Figure 6.12 Simulated and Actual Pressure
History of Well BK 7 of J Sand
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Gas Prod Rate, MMsci/d

Figure 6.13 Simulated and Actual Production
History of Well BK 8 of J Sand
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Figure 6.14 Simulated and Actual Pressure
History of Well BK 8 of J Sand

3500 —
3000 £
2500 =
zunn~%
1500 =
1unn-E

500}-
Oy |

1985 1880 1965 2000 2005 20140 2015
Date (Year)

[:O—Psvg Well Press(5) psia —e—Ave Well PressiH) psia |

103




Gas Prod Rate, MMsci/d

Figure 6.15 Simulated and Actual Production
History of J Sand
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Figure 6.16 Simulated and Actual Pressure
History of J Sand
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The simulation results show that at the gas rate of 8 MMSscfd, the reservoir pressure will

decline to 1153 psia during the year 2003 with a recovery of 65 %. The gas in place value

of ] Sand according to the simulated result is 427 BCF,

6.5.1.2 G Sand

G Sand comprises of wells, BK 3 and BK 4. The top most depth of this sand at Wel} BK 3
is 6806 it and base at 6938 ft The nel thickness of the sand is 100 fi with an average
thickness of 51.2 t The permeability of the sand is 98.84 md. The porosity and rock
compressibility of the sand is 0.19 and 0 0000037 psi” respectively The simutated results

have been compared with the historical data for the whole sand as well as for individual

wells,

Well BK 3

Simulated gas rate and pressure depletion scenaric along with the historical data of
Well BK 3 of G Sand are sef out in Figure 6 17 and Figure 6.18. Figure 6,17 shows gas
production rate vs time whereas Figure 6.18 shows average well pressure vs time. Both
these figures show a good match between the simulated results and the actual historical
data. Simulation of Well BK 3 forecasts a gas rate of 7 MMscfd with pressure declining to

1534 psia in the year 2003,
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Gas Prod Rate, MMsci/d

Figure 6.17 Simulated and Actual Production
History of Well BK 3 of G Sand
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Figure 6.18 Simulated and Actual Pressure
History of Well BK 3 of G Sand
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Well BK

Figure 6.19 and Figure 6,20 show the simulated resuits along with the historical data of
gas rate and pressure depletion of Well BK 4 of G Sand. Both figures show a good
match between the simulated results and the historical data. Well BK 4 was out of
production with depleted wellhead pressure of 800 psia (samc as manifold pressure) in

Jume |998.

The simulated results, of G Sand along with historical data are graphically presented in
Figure 6 21 and Figure 6 22 (3as rate simulation of G Sand is the combined production of
Well BK 3 and Well BK 4. Static bollom hole pressure at Well BK 3 is used as the
historical data for comparing the pressure depletion scenario of G Sand Both these figures
show a good match between the simulated results and the historical data. Simulation of
G Sand shows a gas rate of 8 MMsefd corresponds to the year 200! with a reservoir
pressure declining to 1678 psia and a pas recovery of 48%. The gas in place value of

(; Sand according to the simulated result is 233 BCF.

6.5.1.3 DL Sand

DL Sand consists of wells. BK 2 and BK 5. The top of the sand at Well BK 2 is 6551 i
and base at 6642 Nl. The net thickness of the sand is 100 ft with an average thickness of
49 4 0. The permeability of the sand is 53.9 md The porosity and rock compressibility of
the sand is 021 and 0.0000037 psi’ respectively The simulated results have been

compared with the historical data of the sand and the wells.
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Figure 6.12 Simulated and Actual Production
History of Well BK 4 of G Sand
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Figure 6.21 Simulated and Actual Production
History of G Sand
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Fig 6.22 Simulated and Actual Pressure
History of G Sand
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Well BK 2

The simulated results along with the historical gas rate and pressure depletion dala of
Well BK 2 are set out in Figure 6.23 and Figure 6 24, These figures show that the
simulation results and the historical data compare well with each other. Well BK 2
simulation shows the gas rate will decline to 6 MMscfd with the pressure declining to

1258 psia in the ycar 2002

Well BK 5

Figure 6 25 and Figure 6.26 show the simulated result along with the historical gas rate

and pressure depletion of Well BK 5. This well was depleted in May 1997

The simulation results of DL Sand have been compared with the historical as rate and
pressure depletion in Tigure 6 27 and Figure 6.28 The simulated result of DL Sand
predicts the gas rate to decline 1o 6 MMscfd with pressure declining to 1310 psia in the

year 2002, wilh a gas recovery of 54% The gas in place value of DL Sand according to

the simulated result is 168 BCF

6.5.1.4 DU Sand

Well BK 4 was the only producing well of DU Sand. This well was watered out in
October 1992 The top of this sand at Well BK 4 is 6470 l and base at 6546 [}, The net
thickness of this sand is 80 & with an average thickness of 37.6 fi. The permeability of this

sand is 204 md. The porosity and rock compressibility of this sand is 0.2 and

0.0000036 psi”’ respectively.

114}



Gas Prod Rate, MMscf/d

Figure 6.23 Simulated and Actual Production
History of Weil BK 2 of DL Sand
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Figure 6.24 Simualted and Actual Pressure
History of Well BK 2 of DL Sand
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Gas Prod Rate, MMscf/d

Figure 6.25 Simulated and Actual Production
History of Well BK 5 of DL Sand
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Figure 6.26 Simulated and Actual Pressure
History of Well BK 5 of DL Sand

2300 -

2000 4.
1500 |
1000 |

00

i B S S I
1550 1895 2000 2005 2010 2015

Date {Yean)

—&— Avg Well Press(S) psia —e— Avg Well Press(H) psia |

112




Gas Prod Rate, MMsct/d

Figure 6.27 Simulated and Actual Production
History of DL Sand

1980 1985 1990 1895 2000 2005 2010 2015
Date (Year)

[—o— Gas Prod Rate(S) MMsct/d ~a— Gas Prod Rate{H) MMsci/d

Avg Well Press, psia

Figure 6.28 Simulated and Actual Pressure
History of DL Sand
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The simulated results of the sand are compared with the actual historical performance in
Figure 629 and Figure 6.30 The gas in place value of DU Sand according to the
simuiated result 15 174 BCF. The sharp decline in pressure in Figure 6.30 needs some

more investigation. The recovery was only 24 52% at shut in.

6.5.1.5 B Sand

Weii BK 5 was the only producing well of B sand. This well was watered out in May
1997. The top of this sand at Well BK 5 is 5883 1} and base at 6050 fi The net thickness
of this sand is 120 R with an average reservoir thickness of 63 3 It. The permeability of
this sand is 454 1 md. The porosity and rock compressibility of this sand is 0 26 and
0 0000032 psi™ respectively The simulated results along with the historical performance
are graphically presented in Figurc 6.31 and Figure 6.32. The gas in place value of

B Sand according to the simulated result is 202 BCE and the recovery at shut-in is 21%,

Tabulated reservoir simulation results of different sands are presented in Table 6.6 through

Table 6 10 in Appendix II

6.6 Comparison of Resulis

Table 6 5 shows different gas in place values estimated by different studies including this
~ study. Welldrili, IKM, Petrobangla and Mobil presented gas in place values evaluated from
the matcrial balance study representing the pressure survey results. The material balance
study of these studies are based only on the inilial reservoir pressure and the 1989 pressure

survey points of the dilferent sands. The material balance study of Petrobangla and
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Gas Prod Rate, MMsci/d

Figure 6.29 Simulated and Actual Production
History of DU Sand
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Figure 6.31 Simulated and Actual Production

History of B Sand
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Table 6.5 Compariseon of gas in place {(BCF) figures of Bakhrabad Gras Field, estumated by diffierent studics, using different methods.

L1

Yolumetric Material Balance Simulation
Sand | Welldrill IKM Mobil | Welldrill | IKM | Petrobangla Mobil Present study Present study
{1990) (1990) | (1997 | (1950) | (1990) {1993) {199
SBHP SWHp FBHE FWHP

] 610 354 550 385 | 397 6650 H66 433 36 453.60 460 50 469 51 427

(i 300 262 247 3] 318 2455 244 223 50 22350 216.00 221.00 233
DL 150 151 132 200 | 148 176 0 173 145.54 145.54 144 50 147,50 168
DU 187 222 254 167 | 180 180.3 187 150 00 150.00 130 00 150 00 174

B 143 143 o8 231 143 1664 L7 153 00 133 00 151.00 15400 202
Total 1392 1332 1281 15353 | 1388 1433 4 1439 112740 1 112564 | 112200 1142.00 1204
BK




Mobil includes the 1993 pressure survey results as well Table also compares the

volumetric estimate of Bakhrabad Gas Field presented by Welldrill, 1KM and Mobil.

The present study evaluated gas in place values applying different approaches of material
balance study, namely, static botlomhole pressure, shut-in wellhead pressure, flowing
wellhead pressure and flowing bottombole pressure, results are very similar Based on the
SBHP approach the gas in place estimate of Bakhrabad Gas Field is 1127.4 BCF
Assumning the abandonment p/z as 1000 psia, recoverable gas is 797 BCF (Table 5.9) As

of August 1998, cumulative production of Bakhrabad Gas Field was 553.7 BCF Thus, the

recovery of this figld is 49%4.

This study also accommodates the pas i place values of different sands through reservoir
simulation study. Both the material balance study and simulation study is showing very
close resuits in terms of gas in place estimate of Bakhrabad Gas Field, Gas in place

estimate of the present simulation siudy of the ficld is 1204 BCLI Thus, the recovery of

the field 15 46%
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Chapter 7

Conclusion and Recommendation

7.1 Conclusion

FProduction Data Analysis

» Excessive production from different wells is the most likely reason for sand production

problems and early water breakihrough in Bakhrabad Gas Field.

¢ Wells, BK 1 and BK7 of ] Sand are not having acute water production problem and

seems that these wells will be able to continue production for some time.

* InJ Sand, Wcll BK 8 is producing significant amount of waler. Pressure at this well is

also declining fast This well may go out of produciion soon,

s Although Well BK 3 of G Sand has sand production prablem, it may not have an acute

water production problem.

e Pressure in DI, Sand 15 dechmng sharply The only producing Well BK 2 will be out of

production scan.

Material Balance Ntudy

e Material balance study utthsing the {lowing well method can be used as an alternate to
conventional material balance study. This method is specially useful for the reservoir

where regular pressure survey can not be conducted due to high gas demand situation,
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Both flowing wellhead pressure and the caiculated flowing bottom hole pressure can
be uscd in the flowing well method Flowing well method is based on the assumption

of no liquid buildup in the well.

All the sands of the Bakhrabad Gas Field are volumetric. There is no acquifer support

and the water production of the tield is duc to the presence of mobile water,

The total gas in place value of Bakhrabad Gas Field obtained by flowing well method

(FBHP) and conventional material balance (SBHP) are §122.00 BCF and

1127 40 BCF.

Assuming a cut off p/z of 1000 psia, the recoverable reserve of Bakhrabad Gas Field is
797 BCF. As of August 1998, the cumulative praduction of the field is 553 7 BCF.
Thereafter. the remaining reserve of the ficld is 243.3 BCE. The overall gas in place

recovery of Bakhrabad Gas Field is 49%.

Reservorr Simmulation

All the producing sands have been simulaicd using a commercial simulator. The

simulated results compare well with the actual production and pressure history of the

sands and individual wells,

* The total gas in place value of Bakhrabad Gas Field obtained by reservoir simulation is

1204 BCF. As of August 1998, the cumulative production of the field is 553.7 BCF

Thus, the overali gas in place recovery of the ficld is 46%.
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s The gas in place value estimaled from simulation study compares well with that
obtained from material balance study and other studies previously conducted on

Bakhrabad Gas Field.

7.2 Recommendation

» Flowing well method can be apoplied to oither gas fields of Bangladesh where regular
pressurc survey cannol be conducied due to critical demand-supply situation.
» Proper attention should be given in designing the gathering system so that flow from

indnadual well/sand can be 1solated to study its performance
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NOMENCLATURE

B, = Gas formation volume factor, b free gas/scf gas
B, = Gas formation volume factor at initial reservoir pressure
B, =0l formation volume factor, rb{oil + dissolved pas)/stb oil
B.. = (il fonmation volume factor at 1nitial reservoir pressure
¢y = Water isothermal compressibility, psi”
¢ = Formation isothermal compressibility, psi™
f = Moody friction factor
G = lnilial reservoir gas volune
m = Ralio, inttial hydrocarbon volume of the gascap/initial hydrocarbon volume of
the ol
N = lrutial reservoir oil, sth
Ny, = Cumulative produced oil, stb
P = Pressure at standard conditions
p = Reservoir pressure, psia
P = Initial reservoar pressure, psia
P« = Shut-in wellhead pressure, psia
Pen = Static bottom-hole pressure, psia
Ap = Change n reservoir pressure, psia
Q. = Gas flow rate at standard conditions
B, = Cumulative preduced gas-oil ratio, scfistb
R. = Solution gas oil ratio, scf gas/sth o1l
R. = bSolution gas oil ratio at initial reservoir pressure, scf gas/stb oil
Sw. = Connate or irmeducible water saluration
= Temperature, °R
T = Average temperature, "R
T,. = Temperature at standard conditions, "R
V¥  =Tolal pore volume, rb
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=

= Connatc water volume, rb

W. = Cumulative water influx from the aquifer into the raservluir, sth
W, = Cumulative amount of aquifer water produced, stb
rA = Gas compressibility factor
Zay = Average gas compressibility Factor
z, = Gas compressibility factor at initial reservoir pressure
= Specific gravily
$ = Porosity
" = Viscosity, cp

SBHP - static bottom hole pressurc
SWHP - shut-in wellhead pressure
FBHP - flowing bottomhole pressure

FWHP - flowing wellhead pressurs
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APPENDIX 1

Foriran Program To Calculate Static Botom-Fole Pressure From
Given Wellhead Pressure And Bottorn Hole Temperature.

This program calculaies the Stahc Boutom-Hole Pressire from
grven Shat-in Wellhead Pressure and botiom-hole temperamre for
well BE 1 of J sand,

IMPLICIT REAL*8 (A-H, O-Z)
DIMENSTON PWH(19), PWSI 193 PWS(19).ZAV( 19 PAVI19).5¢ 193 FBYZ(19)

OPEM{UNIT=5L, FILE='B1{BP).IN". STATUS='OLL"
OPEN{UNIT=61. FILE='B{{1iP).0UT", STATUS="UNKNOWN"}

Yariables Used In Program:

CAMMAG = GAS GRAVITY

H = DEPTH OF WELL, FT.

PAV(I) = AVERAGE PRESSURE. FSIA,

PSEUPC = PSEUDO-CRITICAL PRESSURE. PSIA.
PWH([) = WEILHEAD PRLSSURE. PSIA

PWS(I) = STATIC BOTTOMHOLE PRESSURE, PSIA
PWSI = INITIAL STATIC BOTTOMHOLL PRESSURE.
(1) = 0037 HATAV+ZAV(T)

(I = TEMPERATIIRE. R,

TAV = AVERAGE TEMPERATURE, R,

TBH = BOTTOM HOLE TEMPERATURE, R.
TSEUTC = PSEUDD-CRITIC AL TEMPERA I'JRE,
TWH = WLLLHEAD TEMPERATURE

ZAV(D) = AVERAGE Z-FACTOR

WRITE(G1.%)
WRITE(G1.*)
WRITE(6 1 *I'SHUT-IN WHP(PSIA) STATIC BHP(PSIA) Z-FACTOR PIZ(PSIAY
WRITE(6 | *)
WRITE{G] %)

N=1%

T=0:35 000
PEEUPC=675_ 7O}
BREUTC=154 8014}
H=7360 D0
TWH=344 6D}
TBH=T
CAMMAG=0 593D
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DD 10 i=1.N

READ (51.%) PWH(D)
PWSLT=PWH(+0 23D0* PWHY E00, D0y (HY 100.0D4
PAVID=(PWH{ [+ PWSI{T))/2 00N}
TAYV=(TWH+TBH}/2.0D0)

CALL ZFAC(PAV(I. TAV, PSCUPC, PSEUTC, ZAV(T)

SN=00375* CAMMAGHHITAV*ZA VD)
PWS(=PWH{I)*DEXF(S(1/2 D)
PBY Z(I=PWS{IVZA V()

WRITE(S 1,11 PWH(T), PWS(), ZAV(T). PRYZ(1)
WRITL(* 11} PWH(I), PWS(), ZAVE). PRYZ(I)

11 FORMA'l (2X.F10.4, 3X.F10 4. X.F10.6. 3X.F 2.6}

10 CONTINUE

sTOP
END

C SUBROUTINE ZFAC CALCULATES Z-FACTOR FOR GIVEN PRESSURE AND
TEMPERATLURE

C  VARIADLES:

PESEUPC = PSEUDOCERITICAL MPRESSURE
PSEUTC = PSEUDOCRITICAL TEMPERATURE
B = PRESSURE

C AB.CD = TEMPERATURE-DCPENDENT FUNCTIONS
C FR = REDUCED PRESSURE.

C RTIR = RECIPROCAL REDUCED TEMPARA FLIRE.
C = RLDWYCED DENSITY

C N — N, OF PESSURE DATA

c T = ABSOLUTE TFMPERATURE

C

C

c

SUBROUTINE ZFAC{P. TFSEUPC FSEUTC.7)

IMPLICIT REAL*S (A-H. O-2)

N=14

T=655 000
PSEUPC=675 T0D0
PSEUTU=354.80D0
RTR = P5LUTCT

O DOMI=LN
C  KREAD{51.%)P
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PR = PREUPRC

A =0 06125D0*RTRADEXP{- 1 2D0#( ] 0DO-RTR)*{ | 0DX-RTR))
B = RTR*{14,76D0-2.76DU*RTR+ 1 5RDO*RTR*RTR}

C = RTR*(9( TD0-242 2D0*RTR+42 4DO*RTR*RTR)

1 = 2.18D0+2.82D0*RTR

¥ = 0.001D0

DO 100 J=1LN
Fo-AMPRHY Y Y +HY LY 0401 0DO-Y ) 3)-BYY YO Y ++D)
IF{DABS(F)-1.0E-5) 2.2, 1
1 DFDY—H L DDO+HL GCEFY +1 0D0FY*Y L ODO*Y £+ 307 ¥ 4)4( 1 0DO-Y)**4)
+  =AOD0FBYY DY+ D- 1000
¥=Y-{F/DFDY}
10 CONTINUE

C 10 CONTINUE
2 Z=A*PRIY

RETURN
END
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Fortran Program to Calculate Z-Factor For Given Pressure
And Temperature Using Yarborough & Hall Procedure

This program caleulates the Z-facior for grven pressure and

temperatire using Yarborough & Huli Procedire For well BE 1
of I sand,

IMFPLICIT REAL*S (A-H, O-7)

OPEN(UNIT=31, Fil E="ZBK1({5$}IN", STATUS="0LD"
OPEN(UNIT=6), FILE="ZBK1(5).0UT. STATUS=UNKNOWN"

VARIABLES:
AB.C.D = TEMPERATURE-DEPENDENT FUNCTIONS
PR - REDUCED PRESSURE,
RTR = RECIPROCAL REDUCED TEMPARATURE
Y = REDUCED DENSITY
N = NO. OF PESSURE DATA
T = ABSGLUTL TEMPERATURE
PSEUPC = PSEUDGCRII ICAL PRESSURE
PSEUTC = PSEUDOCRITICAL TEMPERATURE
p ~ PRESSURE
WRITE(61.%)
WRITE({HI )
WRITE(G1.*)'SHUT-IN PRESSURE (FSIA) Z FACTOR'
WRITE(61.*)
WRITE(61 *)
N=1v
T=655.0D10)

FSEUPC=675, 1D
PSEUTC=254 %M}
RiR = PSEUTCAT

DO T=fN
READ (515 F

Pt = PPREUPC

A = 0.06125D0*RTR*DEXP(-1,2D0%(} 0DG-RTR)*(1 0DO-RTR))
B = RTR*(14 76D01-9,726DI*RTR+ 4 58D0*RTR¥RTR)

C = RI'R*{90,7D0-242, 2DO*RTR+42 4ADGYRTR*RTR)

D = 2 18D{+2 82D0*RTR ,

Y = 000100

[3t



DA [0 J=1,M

F=-ATPRHY HYFYA YRy #2430 | 0D0-Y)**3 FR*Y EY -+ YDy
IF{YABS(F)-1 DE-532.2.1

I DFDY=+ | 0D0+4 ODOMY+4.0DIFY*Y A DD Y+ 307+ £43/(1 | ODU-T)%*d)
+ =2 UDOYE*Y+DPCE Y] (DY)
Y=Y-{FDFDY)
1y CONTINUE
2 L=A*PRSY
WRITE(a1.5)F. 2
10 CONTINUE
5TOP

END
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APPENDIX I

Teble 8 6 Importan Simulatlon Results of Bakhrabad J Sand

BAKHRABAD "J Sand Simulation"
Diate Avg GIF Mct Water Gax Cum Gum Gas|Gnas
Water
Pressurp Rate bbts/d |Rate Mciid (Prod Priod Mcf [Recavery %
psia hbis
(18685 AUG 111 3193.304 4 2TE+08 0.50E +00| 0 1] [ LH
(16868 AUG 1)1 3134,512 4. 19E+08 S.75E-04]  25618.41|4B.83223| 7.27E+08 1704835
{1987 AUG 1) | 3085.438 4 12E+08 2. 18E-04 17R07.3| 48.7B517] 1.51E+07 - 541082
1988 AUG 1)) 3000 8915 4 02E+08 S5.17E-04| 27285 45| L5 Q5440] 2. 44E+DT 5. 7268514
I{iﬂﬁﬁ AUG 131 2015.508 3 92E+Q8 8 47E-04]| 20562.53|47.17538| 3 50E+07 B 204048
1080 ALG 1) 2789.83 3.72e+08 o 23E-03]  AB153.45|48.81579| 5.45E+07 12.76841
(189 AUG 1)1 2568.92 JABGE+DE 1.67E-02]  80178.32|53 35244 | 8.00E+07 18.85141
{1892 AUG 1) | 2335601 3. 14E+08 2.73E-D3 95348 59|60 54893 1.13E+08 26.41515
PR3 AUG 1| 211374 2.83E+08 1.07E-02]  7TBBEA. 13|64 04534 1.43E+08 33162801
{1894 AUG 13| 1916.079 2.54E+(Q8 P 00E-02] B4151.40|80.44781] 1.73E+D8 40 46759
1805 AUG 13| 1724.229 2. 28E+08 1.77E-021 11923 24| 158 1854] 2 Q0E+08 45 94957
{1998 ALG 13| 1550.564 2.03E+08 7T.0)EDY  55285.78| 111.674]2 24E+08 52 47298
(1867 ALUG 13| 1433.742 1.88E+08 4. M4ED3]  40840.25| 113.555| 2 41E+08 55 49482
(1868 AUG 13| 1335.766 1.7AE+08 1.77E-03]  25076.23) 114.7349} 2.53E+08 58 38286
(1699 AUG 13| 1287.257 1. AAE+0R 8 44E-D4l  18430.73)115 05451 2 61E+08]  &1.13807
£2000 ALKG 15| 1247 422 1.60E+08 4 BEE-Od 1534811115 2603 2 BTE+Q8 52.57192
(2001 AUG 13| 1211.98 1.55E+08 3. T6E-Dd 12768.789] 115 4169 2. 72E+08 83 162
(2002 AUG 13| 11B0.745 1.5QE+08 2. 80E-Dd 10608.27(115 5348 2 TRE+)8 Bd.7514
{2003 ALKG 1)1 1153.396 1.47E+08 2.07TE-Dd B804 481115.8219! 2, BOE+OA A5 57301
{2004 ALMG 13 1129879 1.44E+08 1.50E-O4]  7298.558]115.6858] 2. BIE+08 6O 25825
(2905 AUG 1)1 1109.353 1.42E+08 1.0BE-{M| G044 877 115.732| 2.85E+08 5882082
(2006 AUG 13 1 1091.998 1.40E+(8 78GE-05 5003 R14| 1157A5|2.67E+08 5728812
(207 AUG 1)1 1077 2681 1.3BE+(5 5.45E-05] 4139.491][115.7885|2 suE+08 67 67521
{2008 AUG 13| 1048.502 1.A7E+D8 4. 28E-05  3623.821[115.8074| 2 H0E+DA £8_004d 56
2009 ALG 191 10681 433 1.35E+08 JASE-05] 3205.541[115.8213|2.01E+08 88 204594
{2010 JUL 31]} 1055028 1.3E+08 2.73E-05] 2837.291/115.6324| 2 92E+08 &3 55100
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Table 8.6 Imporiam Simulation Resutis of Bakhrabad G Sarxd

BAKHRABAD "G Sand Simulation”

Dxte | Avg GIF Mc! Water Gas Cum Water|Cum Gas]Gas
Pressure Rate Rate Prad bbls |Prod Mcf]Recovery
psia bhlsid Mciid %

(1686 OCT 1) | 3188.586 2.33E+D8 0 n ol 1 0
(1987 OCT 1) | 3124.028 2.26E+08] 4507689) 23790.83] 2103.278| 4328474 165554
(1938 OCT ) 294,71 2. 20E+08] 43.30058)] 22188 1] 25748.98|1.35E+07| 5772293
{1989 OCT 1) | 2854.261 2.10E+08] 58.15212] 26912407 45452|2 A3E+07|  10.00529
{1980 OCT 1) | 2733 455 Z01E+08] 54.94742] 283231.81] 83712.41|3.22E+07| 13.50853
{1991 OCT 1) _| 28G3 019 1.92E+08| 48.74502] 2247G.56| 83B888.39]4.17E+07| 17.85758
(1892 OCT 1) 1 2479.854 1.82E+08] 58.8G841] 25896.31) 1045684 9(5.10E+Q7| 21.84551
$1993 OCT 1) 2360.87 1,73E+08] 54 33088 2308871 124879)5.0TE+Q7| 25.61354
{1994 OCT 1} | 2258.797 1.G6E+Q8! 5020868 208B0.11] 143808 5|8.76E+Q71  29.00075
{1995 OCT 1} | 2088384 1.53E+08] 78.24747| 28371.251 175157.9|0.03E+07] 3441762
(o6 OCT 1) | 1888177 1.43E+08| 6§9.38962| 24564189 201982.1]9.02E+Q7| 38 6A7H2
(1997 OCT 1} | 1879.02% 1.36E+08| 54 56008 1B320.564| 222M6.1|0.72E+D7] 41.67861
(1998 OCT 1} | 1810.351 1.31E+08]  32.20542] 107592.26] 238321.8[1.62E+08] 43 93705
(12899 OCT 1) | 17684.811 1.27E+08] 31.91953] 10083.40] 25026561 QRE+DA] 4557858
(2000 OCT 3) | 1720.627 1.23E+06] 30.16304] ©308.768 281601|1.10E+08|  47.00288
{2001 OCT 1) 1678 23 1.20E+08] 28.45914; 858415 272272.311.13E+08] 4B 48754
2002 OCT 1) | 15636 436 117E+08] 25.80246] 7904.459] 282330.2{1.18E+08| 4977299
{2003 OCT 1) | 1597.53) 1.14E+08] 2525103 7261.873 MN1788]1.16E+08] 5095378
OCT 1) | 1563.028 1AZE+08| 23.57434] B717.54 3007831, 21E+08| 52.04594
2005 OCT 1) | 1535704 1.00E+D8| 22802068] A28 118! 3A05238.4)1.24E+08] 5305819
{2008 OCT 1) § 1509.404 1.07E+08 21.603] 5888.188] 317304.3]1 26E+08] 54.00472
{2007 OCT 1) 1403.79 1.05E+08] 20.54709] 5483.757| 324970 7|1 28E+Q8] 54 89103
(2008 OCT 1) 1455 83 1.03E+08 19.515] 5138834 332204 4]1,20E+Q8] 5572276
2009 OCT 1) | 1434 684 1. E+}8 18.5132| 4B07.0686| 3310218 4]1.32E+08| 58 49854
12010 SEP 30) | 1411.405 B.9BE+Q7| 17.54301] 4454 25 HE5THS1.33E+08] 57 22217
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Toble 5.8 Imporiani Simulation Results of Bakhrebad OL Sanmd

BAKHRABAD "DL Sand Simulation™

Date Avg GIP Met  [Water Gas Cum Water|{Cum Gas
Gas
Pressurs Rate Rate Prod bbls [Prod Mcf|Recovery
psla bhlsid Mct/d %
(15984 MAY 1) 2047.078] 1.68E+08 0 ! 0l 0 0
{1585 MAY 1) 2874.0588] 1.64E+08] 3,381483] 1588797 1178.4%] 3850835 2207764
{1886 MAY 1) 2752.728| 1.57TE~0B| 1.922811[ 2035203 2087.055[1.08E+07| £.353603
{1567 MAY 1) 2639 997 1.51E+08| 0.33p8784) 7779008 2530.698(1.71E+07| 10.15464
{1688 MAY 1} 2530. M1 1. 44E+08! 0.5657418] 23854 D3| 2713.278[2. 33E+07] 13.839114
{1889 MAY 1) 2492.857{ 1.3TE+QB| 0323165 249168.331 282885713 0VE+OF| 1798485
{1990 MAY 1) 2286.33] 1.30E+08] 2.32E-02| 3B800.388] 2903,758)3.74E+07( 22.31544
{1981 MAY 1) 2180.00%| 1.25E+08] 5.56E-02| 13150.12] 2024.725/4.30E+07; 2588227
{1952 MAY 1) 213177 1.24E+08) 9.81E-03| 4159.828] 204028214 65E+07; 27.72169
{1893 MAY 1) 2087.223| 1,1GE+08] 2.00E-02| 79620.558| 2959.404|4 BOE+07] 2823241
{1994 MAY 1) 2031.757| 1.15E+08] 712E-02 10335.23] 2077.953|5.24E+07 31,24859
(1895 MAY 1) 1628,188] 1.09E+0D| 34.18303| 278036| 7786.513|5.89E+07| 35.14827
{1996 MAY 1) 1778879 9.97E+07| 23 558231 2680.21] 17850.84|8.70E+07]|  40.50103
{1897 MAY 1) 1671.517 5. 31E+07| 58759541 14880 64 2406317 44E+DT 44 4158
{1998 MAY 1} 1601.099] 8.89E+07|  4.02E-02] 10938.71] 24195.95(7.87E+07| 4593911
{1899 MAY 1} 1535.156] 8.52E+07|  2.28E-02] ©877.132{ 24208.77(8,24E+Q7| 48.17262
{2000 MAY 1} 1481.335) 8 19E+07| 1 44E-02| 8504 457, 24213.28|8,57E+07| 51.14472
{2001 MAY 1) __1423.078] 7.50E+07] 1.00E-02] 7482936] 24217.6{0.88E+07( 52.87414
{2002 MAY 1) 1380.828| 7. 84E+07;  7.25E.03| §578.167] 24220.88]|3.12E+071 54,3841
{2003 MAY 1) 1348.548| T 42E+07  547E-03| 5819483 24220 G4]|5 J4E+07] 5573618
{2004 MAY 1) 3314.038| 7.22E+07]  4.32E-03| 5130.855| 24224.7|9.54E+Q7] 58.92514
{2005 MAY 1) 1285.384| 7.04E+07{ J.43E-03| 4568.614] 24226 1|8.72E+Q7] 57.97409
{2008 MAY 1) 12681.718| 6 8GE+07| 2.71E-03! 4091027 24227.2|9.87E+87 58,912
{2007 MAY 1) 1239.587| 6.74E+07| 2 123E-03 3680.245] 24225.08/1.00E+08| 5975352
(2008 MAY 1) 1210.82| 6.62E+07]  1.78E-03] 1312554 24228 A[1.01E+OB| 8051326
(2008 MAY 1) 1199.481]| 8.50E+07| 1 47E.G3| 2063.645| 24229.38[1.03E+08| #1.19541
{2010 APR 30) 1181.525( 8. 40E+07) 1.22E-03| 2685.435| 24225 B7|1.04E+D8] §1.80788
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Table 8 & Imporiant Simuisiion Resutls of Bakhrobad DU Send

BAKHRABAD "DU Sand Simulation™

Date Avg GIP Mef Water  [Gas Eum Cum Gas [Gas
ater
Prossure Rate Rate Prod bbis |Prod Mel |Recovery
psla bbisid  {Mctia %
{1836 OCT 1) 2581, 486 1.74E+08 L] 0 1) 0 4]
(1937 OCT 1) 2760688 1.87E+081 1.16E-02] 23395.04) 192 1143 7174133 4.114285
(1888 OCT 1) 2008.4814 1.5BE+08| 3 B4E-03] 20331,73] 154.5289) 1.562E+07| ©.278303
(1889 OCT 1) 2452 155 1.40E+08| B8.15E-03] 27413.15] 197.0818] 2.53E+07] 1451310
{1980 OCT 3)"| 2312632 1.40E+08| 2 57€-03] 21015.13] 169.1106] 3 43E+07] 19 83485
{1691 OCT 1) 2223.413 LME«QR| 9.83E-04] 12723.58| 1097185 4 00E+G7] 22.55384
{1992 OCT 1) 2179.062 1.32E+08]| 3.15E-05| 3434872 199.8708 4 27E+07] 24.52348
{1803 OLT 1) 2158.088 .30E+Q8] 7.78E-05| 3434.878| 1999057 4 40E+07] 2524278
(1ot OCT 13 2136, 714 1.28E+08]| 7.98E-05] 343487 1005348 4 53E+07] 2596208
{1895 CCT 1} 2114 924 V28E+08] 8.21E-05| 3434 .858| 1009642 4.85E+07 2668138
{1098 OCT 1) 2092547 1.27E+08] A 40E-05] 3434.881] 1990048 4 78E+07] 2740764
(887 OCT 1) 2071,185 1.23E+08) 5 7OE-04| 3434 B85| 200.1158] 4.90E+07] 28.12193
(9SA OCT 1) 2054 081 1.24E+08] 5SIBE-04| 3434 860| 2003184 5.02E+07| 2084122
{49680 OCT 1) 2038704 1.23E+08) 5 49E-04| 3434 888] 2005145 5.15E+07| 2058051
{2000 OCT 1) 2018835 1.22E+0B] S583E-04] 34348571 200.7182] 528E+07] 30.ZR178
{2001 OCT 1) 2000.8B82 1.20E+08| 5.76E.D4| 3434 888] 2000286 5 40E+07] 31.00105
2002 OCT 1) 18982.422 1.19E+0B] 5.952E-04] 3434.850] 201.1403] 553E+07| 31.72028
{2003 OCT 1) 1983.611 1.18E+05) G.OBE-D4| 3434.888] 201.3585) 565E+07| 2243084
{2004 OCT 1) 1944 358 1.36E+08] 0.23E.04] 3434 A54 201.585] 5. 78E+07 33,1408
(2005 OCT 1) 1924781 1LASE+08| 6.40E-04] 3434 B88] 209.8158] S91E+07 33 8502
{2008 CCT 1) 1904 753 1.14E+08| 8.57E-04[ 3434.888| 202.0528! 6.03E+07| 34.5994p
2007 OCT 1) 1884 2322 1.13E+08| 8.75E-04f 3434 888 2022961 B.I8E+07] 35.31877
{2008 OCT 1) 1853 382 L11E+08| 8.93E-O4| 3434 883] 202 5467 6.28E+07] 3604004
(2009 OCT 1) 1842 071 1.10E+08] 7.12E-04] 3434 8B8| 202.8035] &41E+0R7] 36.75033
{10 SEP 30y | 1821,235 1.09E+08] 1.BOE-O4| 3434 B87| 202.0624] &53E+07f 37.47865
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Table .10 important Simulation Resulls of Bakhrabad B Sand

BAKHRABAD "B Sand Simulation"

Date Avg GIP Mcf  |[Water Gas Cum Cum Gas |[Gas
Water
Pressure Rate bbls/d|Rate Mcf/d|Prod bbls |Prod Mcf |Recovery
psia %

{1984 OCT-1} 2836 237| 2.02E+08 3] ] 0 ) 0
{1985 CCT 1Y 2507653 199E+08] B.75E-03; 7673.103| 187 7522] 2765583| 1.366408
{1986 CCT 1) 2587 B15] 1.98E+08 3] 0 168.0812] 3472308] 1.719381
(1987 OCT 1) 2548.172| 195E+08]  4.35E-04] 7241.575] 168 4202| 8613783 3274508
1988 OCT 1) 2475.751| 1.85E+08| 1 88E-03| 14804.13] 189.4833] 1.25E+07| 6.186328
{1988 CCT Y 239581 1.83E+08 3 4BE-03] 18080.02 170.5533| 1.B8E+07] 9.207477
{18580 OCT 13 2351.19] 1.80E+08| 1.22E-03] 11684.1] 170 9019] 2.19E+07] 1082586
{1861 QCT 1) 2286623 175E+08) 1.94E-04] 8521.53] 171 4902| 2.70E+07] 13.37014
(1992 LT 1Y 2216.405) 1.69E+08 118E-03] 14832.41| 172.0359| 3 27E+07] 16.20221
{1993 OCT 1) 2147 855 1.64E+08| 1.47E-03] 15454.09) 172 4984| 2 80E+07] 18.80036
{1984 QCT 1) 2073.887) 1 38E408] 920503 14312686 174 5263] 4 35E+07| 21 55337
{1985 OCT 1) 2014 485 1.53E+08| 9.41E-03] 14312.66] 175 1239] 4 88E+07| 2414017
{1996 QCT 1) 1953.623| 1 48E+08 9.989E-02] 1431266 181.6689] 5.40E+07] 2673403
{1997 QCT 1) 1888.758| 1 43E+08 108E-02] 14312.66] 1854855 5 02FE+07]  29.32083
1998 OCT 1Y 1822 345| 1.38E+08 264E-03] 14312.86; 1876377 8 44E+07]  21.90753
{1993 OCT N 1761.52| 132E+08] 257E-03] 1431266) 188.588] 6 97E+07] 734.49442
(2000 QCT 1Y 1697 862) 1.27E+08| 2.79E-D3] 1431266] 189.567] 7.49E+07| 37.08828
{2001 OCT N 1829 022) 1.22E+08| 3.12E-03] 1431266] 190.8483]) 8 01E+07| 38.67506
2002 QCT 1) 1563 004] 1.17E+08| 1.3GE-03] 1295369 191.3025| 8.52E+07| 42.16475
(2003 OCT 1) 1512 687] 1.12E+08| 9.96E-04 11383.05| 191 7268| 8 96E+07 44 3447
{2004 OCT 1} 146859 1.08E+08| 8.35E-04] 10087.36] 192.0568[ 9.358+07| 4627813
{2005 QCT 1) 1421.702) 1 05E+08| 0.0007104] 8929.031] 192.3363[ 9.69E+07| 47 58602
(2006 OCT 1) 1380.148| 1 02E+08 6.00DE-D4] 7887 974 192.5724] 1.00E+03| 40495819
(2007 OCT 1) 1342.18| 9 83E+07 4 24E-04] 6975.237] 192.7652] 1.03E+08| 50.82041%
(2008 QCT 1) 1311.228| 9 88E+07 3.54E-04| 6200.355] 1929063 1.05E+08] 5201714
(2008 OCT 1) 1288.232) 94BE+Q7| 2.57E-04{ 5510.208] 193.0135] 1.07E+08| 5307849
(2010 SEF 30} 1266.513] 9 28E+47 2.18E-04] 5099.841] 193.0992] 1.09E+08] 54.02805
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