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ABSTRACT

Natural gas has been an important indigenol.lS hydrocarbon resource in Bangladesh It is

predominant fuel for industries and commercial establishments. The natural gas produced

from the reservoir is usually a complex mixture of several hydrocarbons in thcir liquid and

gaseous states, intimately mixcd with water Often, solids and other contaminants arc also

present in the mixturc. Therefore, some processing is fC{luiredfor the produced natural gas

before it can be brought to the customer.

The gas processing plants constitute a very important !legment of the gas industry in

Bangladesh. Currently, there are six companies involved in producing gas ITom fifteen

different gas fields in Bangladesh. These companies operate thirty-nine ga, processing

plants, using a variety of technologies. Different technologies are involved in removing

different elements ITom natural gas Therefore, a gas processing plant must combine the

appropriate technologies to address the needs of a specific gas field. The selection and

design of a processing plant i, extremely important for operating a gas ficld efficiently and

economically. This study takes a closer look at an these plants in Bangladesh, A scrutiny

of each plant is presented with a view to identity potential rooms for improvement.

Whereas the knowledge and expertise on one particular plant is available, it is extremely

difficult to get a broader perspective of the industry because no comparative literature is

available This study attempt> to fill in the knowledge bage by presenting a comparative ••

study uf all the plants currently in operation in Bangladesh. It will be beneficial to all

partie, interested in the gas processing industry in Bangladesh. It should provide some

directives regarding the future of the industry in Bangladesh
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CHAYrERI

INTRODUCfION

Ba~gladesh is considered a gas prone country because ofrevenne delta having porous and

penneable hydrocarbon bearing sand structures and unique condition of traps. Natural gas

is and will continue to remain the major indigenous energy source, fueling the national

economy Production plans has been drawn up to meet the increasing demand for natural

gas by augmenting supply from national gas companies, and increasing purchase from the

International Oil Compames. supponed by increasing stress on exploration. Since the fir>t

use of natural gas in 1960, the consumption Of natural gas has been increasing. In the

month of August, 2005 the average production was 1405 MMscfd

A typical wen stream is a high velocity, turbulent. constantly expanding mixture of gases

and hydrocarbon liquids, intimately mixed with water vapor, free water. solids, and other

contaminants. The gases ;n Bangladesh contain sour gases especially HlS in (race

quantity; the processing technology employed need not include special separation system

to remove sour gases. The presences of water and liquefiable higher hydrocarbons have to

be processed in a suitable gas processing plant to deliver a sale gas of the sales line

specification. Numerous processes have been developed (or gas processing, based on a

variety of chemical and physical principles. A gas processing plant must combine the

appropriate technologies to address the needs of a specific gas ficld. The selection and

design of a processing plant is extremely imponant for operating a gas field efficiently and

economically. Today, the gas processing plants attach a great importance to liquid

hydrocarbon recovery and it's processing into desired fraction for maximizing revenue
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Currently there are six companies involved in producing gas from different gas fields in

Bangladesh Out of those, three are owned and operated by the Bangladesh government,

The rest are tbreign companies, also known as lntern3lional Oil Companies (IOC). The six

companies operate 39 process plants. using different technologies. Each of these processes

has merits and demerits considering technology, operation, maintenance, investment etc.

Process parameters may need to be modified or sometimes the entire processing system

may need to be changed, depending on a variety of reasons such as increasing production

through adding more wells to the reservoir, producing for a different reservoir where

hydrocarbon composition may change significantly, depletion and consequent relation of

well head preSSl.lre,changc in phase behavior due to depletion etc.

Environment friendly fuel, Liquefied Petroleum Gas (LPG), can he recovered by l\atural

Gas Liquid (NGL) fractionation The government encourages the private sector to set up

new NGL fractionation plant Tn the field processing, most of the portion of light

hydrocarbon flows through sales line, but it is possible to recover by introducing a

enhanced hydrocarbon recovcry prucess and supphed as NGL, LPG etc,

The usc of natural gas as a raw material for manufacture of petrochemicals is tu a certain

extent constrained by its composition, Analysis of gas being prodl.lced indicates very high

mcthane conlent with sman quantities uf higher hydrocarbons, The deficiency of higher

hydrocarbons precludes the use of the gas as a raw material for olefin manufacture such as

methanol, acetylene and polyethylene etc,



CHAPTER II

STATEMENT OFTHE PROBLEM

The gas processing plants constitute a very important segment of the gas industry in

Bangladesh They produce pipeline quality gas as well as recover valuable condensable

higher hydrocarbons induding LIquefied Petroleum Gas (LPG) componcnts. Recovcry uf

higher hydrocarbons improves the economlcs of operation by producing more valued

products slJch as Natural Gas Liquids (NGL), for which thcre is an expanding market. The

thirty-nine gas processing plants in operation were designed employing variety of

processing technologies. A gas processing plant must combine the appropriate

technologies to address the needs of a specilic wen or gas field Each of thesc processes

has merits and demcrit; considering technology, opcration, maintenance, investment ctc,

Whereas the knowledge and expertise on one particular plant is available, it is extremely

difficult to get a broader perspective of the industry because no comparative literature is

available, This slUdy takes a closer look at these plants in Bangladesh and presents a

comparative s1udy.

1.1 Objectives

The main objectives of this study are as fullows'

To obtain an overview of thc current state of the natural gas processing industry in

Bangladesh.

To describe the overall processing methods as practiced in different processing. plants.

To examine the appropriateness of selection of the process plants.

To study the performance of each process plant with respect to capacity, operational

break down, recovery of liquid hydrocarbon etc.

_ To conduct a comparative study ofthcse plants
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1.2 Methodology

This study adopted the following methodology in order to accomplish the stated

objectives.

Q Collect the process manual/Operational manual and other relevant documents from

every gas field

a Caiicel data about major break-down/maintenance work, prodllclion history etc,

o Summarize information and justify the appropriateness of process plant selection

o Analyze and compare these processes and poinl out the major difterences

o Analyze the production history and find out the quality control and performance or

these process plants



CHAPTER III

OIL & GAS EXPLORATION AND PRODUCTION IN BANGLADESH

3.1 E1ploration for Oil and Gas

Bangladesh constitutes one of the largest delta of the world has proved its hydrocarbon

potentiality through discovery of 22 gas fields and one oil field during the course of

drilling only 66 exploration wells over a period of 96 years of sporadic exploration.

Because of reverine delta having porous and penneable hydrocarbon bearing sand

structure and ulllque condition of trap, Bangladesh is always considered a gas prone

country. Due to resource constraints, thc cxploration activities were kept to a bare

minimum. In spite of a slow exploration pace, the Sl.lccess ratio is 2.75: I (Brochure,

Petrobangla, 2000). Hydrocarbon exploration activity has been continl.ling in this territory

since the later part of the ]9th century. Variol.ls national and international companies

carried out explonllion in the potennal areas of Bangladesh.

Exploration activities took place in three phases. These phases arc divided on the basis of

different admin;strative regimes such as British, Pakistan and Bangladesh. Exploration

activities of three phases are shown in Table 3.1.

Table 3.1; Exploration Activities In Bangladesh.

Phase Number of Discovery Exploration Basis

Well

I (1908-1933) 6 None; minor oil tlowed Near seep

British Period at Patharia

It (1947 197]) 22 8 Gas fields Seismic and other early

Pakistan Period geophysical methods

III (1971-2004) 34 14 Gas fields, I Oil field Digital Seismic (2D & 3D)

Bangladesh Period

Total 66 22 Gas fields, I Oil field
,
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3.1.1 Phasc-I (Brilish Period)

The search of oil and gas in the area constituting Bangladesh began in the later part of the

19th centur)' through some isolated geological mapping. In the early days (1910-1933) of

exploration, drilling was mainly concentrated near seeps in the fold belt At this slage

shallow wells ranging from 763 to about 1,047 meters were drilled The !irst serious

attempt to find oil and gas was undertaken in Sitakund in 1908 by the Indian Petroleum

Prospecting Company (IPe), This Company drilled three c'<ploratory shallow wells near

Sitakund on the Sitakund structure between 1,908 and 1,914. The Burma Oil Company

(B O.c.) also drilled an exploratory shallow well in 1,914 in the same structure, During

1923-33 SOC drilled two shallow wells in Palhalia. The wells were abandoned though

there was a reported OCCUTTenceof oiL In this phase, total Six exploratory wells were

drilled, the deepest being 1,047 melers. No commercial gas/oil field wa, di>covered in that

pha,e (Saleque, 2001). Phase-I exploration activities are shown in Table 3.2

Table 3.2; Phast-I Explomtion Activities.

S1. Well Name Operator TO Formation Date of Stalu,

No. (meter) at TO Completion

01, Sitakund 1 T,P.C 762 Shuban 1914 Plugged &
Abundant (P & A),

oil show

02. Sitakund -2 LP,C. Shuban 1914 PM

03. Sitakund -3 IY,C. , Bhuban 1914 P&A, oil show

04. Sitakund -4 E.O.c. 1024 Bhuban 1914 P&A, oil show

05 Patharia 1 E.O,c. 875 Bhuban 1923 P&A

06 Patharia 2 BOC. 1047 Bhuba~ 1933 P&A

3,1.2 Phase 11 (Paklstan Period)

During the second pha,e early forms of modern geophysical methods were used for the

lir,t time, Gravity and surface magnetic reconnai,sanee survey were followed by single

fuld seismic >tudies supplemented by geological information from wells and outcrop, in

the surrounding areas (Saleque, 2001) The promulgatio~ of Pakistan Petroleum Act in

1948 infused interest of international oil comparue, in oil and gas exploralion Phase-II

exploration activities are shown in 1able :'.1,
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Table 3.3 ; Phase-II Exploration Activities.

51 Well Name Operator TD Formation Date of Status

No (meter) al TD Completion

01 Patharia-3 PPL 1640 Bhuban 10 1251 Oil show

02 Patharia-4 PPL 830 Bhuhan 2302,53 P&A

03 Patiya-l PPL 3102 Bhuhan 1409,53 P&A

04 Sylhct-l PrL 2379 Bhuban 1205,55 PM

05 Sylhet-2 PPL 2819 Bhuban 07.10.56 Blowout, P&A

06 Lalmai-J PPL 2993 Bhuhan 11.02.58 P&A

07 Chatlak-l PPL 2135 Bhuhan 14.04.59 Gas well

08 Kuchma- 1 Sianvac 2875 Gondwana 21.06.59 P&A

09 Flogra ] Stanvac 2187 .Basement 08,02.60 P&A

10 Fenchugonj 1 PPL 2438 Bhuhan 14,04,60 P&A

II Rashidpur I Shell 3860 Bhuhan 20.07.60 Ga, well

12 Ha7ipur Stanvac 3816 Barail 0509,60 P&A

13 Lalmai-2 PrL 4117 Bhuhan 271060 P&A

14 Kailastila-] Shell 4139 Bhuhan 22 OJ 62 Gas well

15 Tilas-l Shell 3758 BaraH 23.08.62 Gas well

16 Habigonj-l Shell 3508 Bhuban 22.05.63 Gas well

17 Jaldi-] OGDC 2300 Bhuban 10.03.65 P&A

18 Jaldi 2 oGJ)e 3360 Bhuban 27.11.66 P&A

19 Semulang-I OGDC 4088 Bhuban 22.05.69 Gas disc.

20 Bakhrabad 1 Shell 2838 Bhuban 09.06,69 Gas disc.

21 Jaldi-3 acme 4500 Bhuban 25 05 70 e&A

22 Cox's Bazar Shell 36911 Bhuhan 160369 P&A

The Standard Vacuum Oil Company (S1ANVAC) of USA, Pakistan Petrolcum Ltd, (PPL)

a Burmah Oil Company affiliate and Pakistan Shell Oil Company (PSOC) took up

concessions during early fifties and carried out exploration tin the end of sixties,

STANV AC drilled 3 wells at Hazipur, Bogra and Kucruna in the northwestern part of the

country without success. PPL drilled wells in Sylhet, Palharia, Chhatak, Fenchuganj,

l'atiya and Lalmai, and made the first gas discovery in Haripur in 1955 Ibllowed by

Chhauak in 1959. PSOC was the most successful company and discovered the 5 gas fields

of Tiles, Habiganj, Rashidpur, Kailashtila, and 8akhrahad; they also drilled the first

offshore well Cox'sbazar -1, which was dry. During this time Oil and Gas Developmenl

Corporation (OGDC) was established in the national sector in 196J and the root of
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exploration for oil and gas were set up in the country, OGDC carried out geological and

geophysICal survey including gravity, magnetic and seismic, and dtiiicd weils in Jaldi and

Semutang, discovering gas in Semulang in 1970. The operators uflhe ,econd phase drilled

22 exploratory wells, thereof one offshore, and discovered eight gas fields.

3.1.2 Phase III (Bangladesh period)

Bangladesh Oil, Gas and Mineral Corporation (Petrobangla) continued its exploration

cffons while the Bangladesh Petroleum Act was enacted in 1974 to facilitate international

panicipation under Production Sharing Contact (PSC). The olEhore area of Bangladesh

was divided into 6 blocks, which were, taken up by Ashland, Atlantic Richfield

Company (AReO), BODC (JAPEX), Union Oil, Canadian Superior Oil and Ina-naftaplin

(Yougoslav state oil) under production sharing contract. These companies carried out

gravity, magnetic and seismic surveys for about 32,000 km and drilled 7 wells. Only

Union Oil Company discovered an offshore gas field in 1977 in Kutubdia. lhis phase of

PSC ended with relinquishments by 1978 (Annuai Report, Petrobangla, 2003).

In 1981 Shell Oil Company was awarded the Chittagong Hill Tracts for petroleum

exploration under PSc. Shell conducted geological and seismic survey and drilled the

Sitapahar wen, subsequently Shell undertook exploration in the extreme north west of the

country and drilled the first well in the area, The well ~albanhat was dry. In 1988 Scimitar

Exploration was awarded what is now block 13 in Surma basin They tailed to prove the

extent of the oil discovery at Sylhet structure but discovered the Jalalabad gas field,

The 1980's saw accelerated exploration activities by Petrobangla, which drilled

exploration well~ in Muladi, llegumganj, Singra, Beanibazar, Atgram, Feni, Fenchuganj.

Sitakund, Bogra, Kamta, Marichakandi (Meghna), and Belabo (Narshmgdi) and

discovered 7 gas fields III Begumganj, Beanibazar, Feni, Fenchuganj, Kamta,

Marichakandi (Meghna), and Belabo (Narshingdi}. Among these fields, Fenchuganj well

remains the deepest drilled well in Bangladesh (4977m). Meanwhile a new milestone was

achieved when Pctrobangla discovered the first commercial oil pool in Sylhet on

December 23, 1986, From 1989. llAPEX has continued exploration lor Petrobangla, and

drilled 3 exploratory wells discovering gas in Shahbazpur and Saldanadi



9

;

\,

o
•
,

\

,,.

_..

.....,,-
o

. _.
\ ~'",
I ,~- . ..'

".'

•

.-:•••"_"',....•i•••• !'>l •••••••

,.•~..... --.,

BANGLADF.SH

~........ -- .. -".- ..

_.,_.. -","
,.., ,,-

.-

o,

o,

, 1 -= •.•.•,,,.-
I'. --"""-
~ .-_-_.
'0 , -_...._...._r-
'.0:' __ ••••1IJl~

I fo-rgure3.1: Bh>tk"bflorOang'adesh.



10

A Model Production Sharing Contract (MPSC) was prepared in 1988, which was revised

in 1993 under Petroleum Policy. The ofH;hore and onshore areas of Bangladesh were

divided into 23 blocks, which were shown in Fib'Urt:3.1, Under the 1993(94 awards, Block

numbered 12, 13 and 14 were awarded to Occidental (now UnocaJ Bangladesh), Blocks 15

and 16 10 Caim Energy, blocks 17 and III to Rexwoodl Ok/and (now operated by Tullow

oil) and block 22 to UMC (now operated by Ocean .l:inerb'Y),Under these PSCs the

respective operators have conducted varying amount of exploration and development

works In Blocks 12,13 and 14, a total of 5 exploratory wens were drilled and two

discoveries were made (two by Dnncal at Bibiyana and Moulvibazar). There was a

massive blow in MB-I, resulting in major loss of hydrocarbon and other surface assets.

The prevIOusly discovered lalalabad ficld was developed and is in production since 1998.

In Blocks 15 and 16, the operator drilled 6 exploratory wells including 4 ofl'shore wells,

resulting in discovery of offshore Sanb'UGas Field. This ficld has been developed and is in

production since 1997 In Rlocks 17 and 18 a single offshore well was found dry. There

wa, practically no exploration work in block 22. With the discovery of a gas structure in

the Bay of Bengal by Anglo Dutch joint venture company Cairn- Shell In 1996,

Bangladesh attained the world focus and was being thought to become a happy playground

of the major od companies. k a result, there was tremendous response in the second

bidding round for selecting 1nternational Oil Companies (I0C) for exploration in the 15

(fifteen) blocks. 11may be mentioned tbal 8 (eight) blocks were in !irst round and 4 (four)

blocks are in second round bidding thaI have been leased out under PSC

Sigmficant parts or whole of these blocks are now relinquished as per contrac\. Under the

second bidding rounds, four blocks have been awarded. Unocal Bangladesh was awarded

block 7, Shell/Cairn JV was awarded blocks 5 and 10 with a 10 % carried stake for

BAPEX, and TulJow/ChevroniTexaco JV was awarded block 9 with a 10 % carried stake

for BAPEX

Between 1972 and till now, a tolal of 36 exploratory wells were drilled hy the national and

international companies, which resulted in the discovery of 13 ga~ fields. Since the first

exploration well wa, drilled in ]908 a total of 128 wells have been drilled in Bangladesh

till 2004, of which 66 are exploration wells. Pha<;e-lll exploration activities are shown in

Table 3.4 and 3.5



Table 3.4; Phase-UI Exploration Activities (on shore)

II

SLNo, WeUName Operator TO Formation Dale of Status
(meter) at TO ComplellOll

01 Muladi 1 Petrobangla 4732 Shuhan 16,12,76 P&A

02 Begumgonj Petrobangla 3655 I3huhan 2701.77 Gas disc

OJ Muladi-2 Petrobangla 4556 Bhuhan 15.01.81 P&A

04 Singra-l Petrobangla 4100 Gondwana 30.04.81 P&'

05 Ferri Petrobangla 3200 Bhuban 26.06.81 Gas disc.

06 Beanibazar Petrobangla 4109 Bhuhan 120581 Gas disc

07 Kamla Petrobangla 36]4 Bhuhan 16,03,82 Gas disc,

08 Atgram 1 Petrobangla 4961 llarail 10.06.82 P&'

09 Fcchugonj-2 Pclrobangla 4977 Bhuban 28,04.88 Gas disc,

10 Shalbabhat Shell 2518 Basement 16,06 88 P&A

1I Sitakund-S l'etrobangla 4005 Rhuhan 10,10,88 P&A

12 Sitapahar Shell 1560 Bhuhan 06.12.88 P&A

13 Bogra-2 Petrobangla 2100 Bhuban 05.]289 PM

14 Jalalabad SCIMITAR 2626 Bhllban 13.11.89 Gas disc,

15 Meghna Pelrobangla 3069 Bhuban 0707,90 Ga~ disc

16 Narshingdi Pelrobangla 3450 Bhuban 08,1090 Gas disc,

17 Patharia-5 BAPEX 3438 Bhuban 20.07.92 r&A

" Shahbazpl.lf BAPEX 3342 Bhllban 1995 Gas disc.

19 Saldanadi llAPEX 2511 Bhllban 1996 Gas disc.

20 Sylhet 7 Petrobangla 1986 Oil disc.

21 Bibiyana-l Occidental 4014 Bhuban 1998 Gas disc

22 Bibiyana 2 OxylUnocal 4276 Bhuban 1999 Gas disc.

23 ME-1 Occidcntal 840 1997 Blow-out

24 ME-2 Occidcntal 3510 1999 Gas disc.

25 Kapna 1 Occidental 3149 1999 P&A

26 Ralna-1 Occidental 3835 1999 P&A

27 Kasalong-I UMC 3500 1999 P&A

28 Lalmai-3 Tullow Bhuban 2003

29 Vangura-] UMC 2004

30 Srikail-1 RAPEX 2004
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Table 3.5: Phase-TIl Exploration Activities (offshore)

51 Well Name Operator TO Fonnalion Date of Status

No (meter) at TO Completion

01 AReO I AReO 3903 Bokahil 29.05,76 P&A

02 Bina-l lNA 4095 Bokahil 3003,76 P&A

03 nina 2 1NA 4294 Bokabil 01.03,77 P&A

04 BOOC-1 BODe 4598 Bokab;] 10.03.76 PM

05 BOOC-2 BODe 4436 Bokabil 17 06 76 r&A

06 BO[)C-3 BODe 4488 Bhuban 200378 P&A

07 Kutubdia Union oil 3508 Bhuban 160177 Gas disc.

08 Sangu-l Cairn 3500 Bhuban Gas disc,

09 Halda-J Cairn 4519 1998 P&A

10 Reju I Oakland 4450 1999 P&A

II Swan dip East Cairn

3.2 Productionllistory

Utilization ofnaturaJ gas slarted in Bangladesh since 1962 with the commencement of gas

supply to Chatak Cement Factory from Cbatak Gas Field Almost simultaneously ga> was

supplied from Haripur Gas Held to Fenchllgonj .Fertilizer Factory. Today, fifteen gas

fields arc producing gas from 63 wells and tbe average gas production from all fields are

1405 MMSCFD (August, 2005). In Table 3.6 and 3,7, yearly production of gas and

condensate of all fields since inception, arc sbown.
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CHAPTER IV

OVERVIEW OF GAS PROCESSING IN BANGLADESH

1here are six companies including International Oil Companies (10C) who produce and

process ga<; from fifteen gas fields in Bangladesh. These compames operate a total of 63

wells, and 39 process plants The companies are

I. Bangladesh Gas Fields Company Limited (BGFCL): It owns seven gas fields,

namely, Tilas, Habigonj, Bakhrabad, Narshingdi, Meghna, Fem and Kamta. The

production from the Kamta and Feni fields were suspended and now Niko, a Canadian

company operates Fem field, BGFCL operate~ 24 gas processing plants and 3

fractionation plants at 8 sites.

2. Sylhet Gas 1<'ieldsLimited (SGFL); It owns five gas fields, namely, Haripur (Sylhet),

Kailashtila, Rashidpur, Beanibazar and Chhatak. The production from the Chhatak field

was suspended and now the development work is being done by Niko, SGFL operates 8

gas processing plants at 5 sites. It also operates one fraClionation plant

3, Bangladesh Exploration & Production Co, Ltd, (BAPEX): It owns five fields,

namely Saldanadi, Fenchuganj, Shabajpur, Semutuug and Begumganj It operates only

Saldanadi aud Fenchuganj using two plants at two sites.

4. lJNOCAL Bangladesh Ltd. (UNOCAL); It owns three gas fields, namely, Jalalabad,

Maulavibazar and Bibiyana It produce, ga, from the Jalalabad and Moulavi Bazar

fields.

5 Cairn .Energy Pic: It operates two gas processiug plants in Sangu field, Processing

operation is done on land,

6.Niko Resources Ltd.: It operates Feni field Llsingtwo process plants

Cairn Energy and UNOCAL are international oil companies (lOCs) operating under

Production Sharing Contract (PSC) and Niko operates Llnderthe Joint Venture Agreement

(JVA) with BAPEX

The total processing capacity of the plants combined, excluding the Moulabibazar plant is

about 2680 MM.scfd. The total production capacity of aU the wells, with respect to the
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target production in 2005-06, is about 1436 MMscfd As of August 2005, the total

prodLlction from all fields is 1405 MMscfd, out of which 1389 MMscfd is sold to the

distribution companies. The contribution to total production by each company is shown in

Tablc4.L

Table 4.1 : Contribution to Natural Gas Production by Different Companies.

l'iscal TOlal Percentage oflotal production (%)
y= I'r~~uction BGfCL SGFL BAPEX UNOCAL CAIRN IKO

BcD
1999-00 332.4 61 I9 - 8 I3 -
200001 373.7 61 18 - 8 13 -
2001-02 391.5 60 18 2 8 12 -
2002-03 4212 59 I8 2 9 " -
2003 04 452,8 59 16 1 I3 II -

2004-05 486.8 57 13 4 15 10 1

Number of wells, prodl.lCtion capacity and present production rate of cl,ft-brentgas fields

are shown in Table 4.2,

Table 4.2: Field Wise Production Rate ofNaluml Gas.
(MIS Report. Petrobanglll, August, 05)

Operator Producing No, No Capacity Average Average
G~ of of of Daily Daily

Fields Wells Producing Plant ProdLlcing Production
Wells (MMcfd) Capacity (MMetU)

(MMctU) August, 05

APEX enchuganj 2 2 60 47 45.2

Salda Nadi 2 I 20 14 15
GFCL akhrabad 8 4 240 35 34,7

abigonj 10 9 360 300 275.7

e 'h~a 1 I 40 35 3.4
'arshin di 1 1 60 20 19.7
i(as 14 14 660 415 404,9

SGFL eanibazar 2 2 60 30 21,9
ailashtiUa 4 3 120 57 54,6
ashid ur 7 7 220 82 82,2

JNJCOL
S lhct 7 2 30 20 19,2
alalabad 4 4 ]30 140 146.5
oulavi Bazar 4 4 70 1027

aun '"!<" 7 6 520 m 148,7
, lKO ,m ; 3 40 30 305

otlll 78 63 2680 1436 1405
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The available processing capacity cannot be fully utilized for various reasons. The older

processing plants cannot handle the name plate gas flow rales and the separation of

liquefiable He is not satisfactory leading to condensation of remaining liquefiable He

inside the transmission Jines, Sometimes, the wells cannot deliver enough gas. On the

other hand, the pressure and temperature of the wellhead gas are significantly different

/Tom those used in the design of the process plants_ Moreover, with the depletion or
reserve the gas composition has also changed.

4.1 Gas Fields in Bangladesh

The demand of fuel in Bangladesh is hemg met by produced gas and by imported POL by

government, Since the first use of natural ga5-1960, over the year natural gas IS

predominant fuel for industries & commercial establishments Now, natural gas IS

produced from fifteen gas fields out of discovered 22 gas fields and one oil ficld, The

locations of different field, are shown in Figure 4.1 A brief description of each field is

presented in alphabetical order as follows,

4.1.1 Bakhrabad Gas Field

The Bakhrabad Gas FIeld is located approximately 41 miles east of Dhaka. In 1981

Bakhrabad Gas Systems Ltd (BGSL) was formed to develop, produce, transmit and

distribute gas from this field, In 1989 Petrobangla rcorgani7.ed its operational activities and

as part of that 8akhrabad Ga; Field was handed over to BGFCL.

Bakhrabad waS discovered by Pakistan Petroleum Ltd.(Pl'L) using gravity survey in 1953,

The llakhrabad Field was the last gas discover)' in the Bengal folded belt by the Shell in

t968 of drilling BK-I ,The field have five major pay zone" 'B' (5905 - 5993 ft), '0' Upper

(6363- 6445 ft), '0' Lower (6475-6545 ft), 'U (6823-6965 It) & 'T' (7001-7331 ft)

constituting more than 95 percent of in-place reserves The reserves orthe five remaining

minor reservoirs, nameiy 'A', 'C', 'f', 'K' and 'L', The reserves of the 'A', 'K' and 'L' Sands

are c1assi!ied as possible reserves.

The first stage of development drilling involved work over BK-I and driiling fOllr deviated

wells BK-2, BK-3, BK-4 and BK-5 by JAPEX in 1981 - 1982 from the same pad as BK-I.

The latest round of drilling was under the allspices of ADB In 1989 that drilled three

deviated holes; BK-6, BK-7, and BK-8. BK-6 was drilled Irom a separate pad

approximately 1590 feet northeast ofSK-land the J sand,
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Figure 4.1: Location Map of Fields and WeJls in Bangladesh.
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The reservoir fluid of all prodl.lced Bakhrabad reservoir, is non-retrograde al reservoir

temperature, The Bakhrabad Gas Sands contain a dry gas of relatively uniform

composition 1he compositional data contains an even lower variation in composition

between reservoirs \Vith C, ranging Irom 93,6 to 94.0 percent and C,+ from 0.44 to 0.47

percenl. The reservoirs contain a relatively uniform Jean gas with a liquid-gas ratio of 2,0

bbllMMscf(based on production history).

Production from Bakhrabad started in May 1984 when wen 2 (0 Lower sand) started

flowing gas was shut down in June 1999 due to high water production In October 84 Wen

S (B sand) started producing and was suspended 10 July 1994 due to exces,ivc water

production. The well was fe_completed in D Lower sand and production started in

December 1994 and was suspended again in June 1997 due to excessive water production.

Well J (J Sand) was placed under production in August 1985. Well} (G) and 4 (0 upper)

were opened for production in October 1986 In Junc 1992 the well 4 was shut in due to

high water cut and was recompleted in G Sand hut lhis well produced water al a higher

rate than before. Production from thi, well again shut off after a ,hort period. In October

1994 well 4 was recompJcted again in G sand but the well started 10 produce water al a

higher rate than before and ultimately was shut off in Jlme 1998. Production !Tomwell 6,7

and 8 (J sand) were started since December 1989 and well 6 was suspended in August

1998 due 10 excessive water production CUTTentlywell 1,7 and 8 are producing from J

sand and well 3 from G sand. The field ha; been supplying gas to Bangladesh consumers

on a continual basis with total gas and eonden;ate production of 644.711 Ikf and 918000

bbllo 31 August 2005, respeclively.

ln 1984 Glycol Dehydration Plant was installed for production of raw gas in this field. In

October 1986 after installation of Silica gel plants, Glycol plant was relocated 1lI

Norshingdi Gas Field Now, the gas process facilities consi;1 of four 60 MMcfd Silica gel

Dehydration trains An absorption Iype process plant installed al Bakhrabad field shown

in Figure B-L Adsorption lype process plant is used 10 remove hydrocarbon, water and

conlaminants from gas streams and to recover hydrocarbon As solid desiccant silica gel is

used in this type of plant. The trains are identical although the fourth train, Train '0',

broughl on stream in December 1989, employs a pre-cooler to cool the gas prior to

processlllg.
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Silica-gel plants of this field have a booster compressor for the regeneration gas for

processing in "Closed Cycle", In a closed cycle regeneration gas from gas scrubber is

compressed then combine with high pres~lIre partial portion of gas slream of filter

separator and then passing through gas-gas heat exchanger to oil bath heater to

regeneration tower, In open cycle operation regeneration gas direct combine with

adsorption tower Beside in thi, process regeneration gas cool by gas-air cooler then gas-

water cooler but silica-gel process plant of Fenchuganj, Rashidpuf, llcani-ba~ar

regeneration gas cool only by gas-air cooler.

4.1.2 Beani Hazar Gas Field

The Beani Bazar field is located approximately 35 km easl of Sylhct, in north-eastern part

of Bangladesh Beani Bazar structure is one of the YOlmgest structures of the entire frontal

folded belt and only two wells Beani Bazar-1 (T.O, 13,082 ft) and Beani Bazar-2 (T.D

11,905 ft) have been drilled 1 5 km apart, on the crest Beani Bazar well 1 was completed

as selective dual producer in 1982, In 1989, Well-2 was completed in the Upper Gas Sand.

The Upper Gas Sand, which is the main pay, is found at a depth of approximately 10,500

feet ss, and contains a lean gas with a liquid-gas ratio of 13,2 bbl/MMscf at field separator

conditions. The Lower Gas Sand is found at a depth of approximately 11,500 feet ss and

contains a lean gas mixture with a liquid-gas ratio of 157 bbllMMscf at separator

condition.

Production commenced from Well I in May 1999 from the Lower Sand. Wel1-2 was

brought into production in January 2002 from the Upper Sand Cumulative production

August 2005 was 36.196 Bef of gas and 6,15,000 bbl of condensate.

The prodlwed gas in this field is process by a Silica-gel process plant. This process plant

was installed in Feni Gas Field. After suspension of production from Feni Gas Ficld, it

was relocated in Beani Ba7..ar in 1999. The capacity of this process plant is 60 lv1l'vfscfd,

The plant is operated by Programmable Logical Control (PLC) system, The PLC ,ystem

of this plant includes a tower cyclical control system, ESD logic control and monitoring

system
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4.1.3 Fenchuganj Gas Field

Fenchuganj Ga-~Field is located approximately 40 km away from Moulavi Bazar district

Fenchuganj-l was drilled in 1960 and terminated a~ a dry hole. Well-2 was drilled in 1986

by PetrobangJa to a total depth of 4,977 meters, which is the deepest well in Bangladesh.

Testing has been condLIcted for over a year and gas, condensate and oil have been

discovered. Sand A is the young tblding and truncation at the top of lhe stratigraphic

section. At B is a possible high angle reverse fault. C, D and E mark respectively the

positiun at which gas, condensate and oil have been tested, There are three prospective

zones- Upper, Middle and Lower sands. Wel1-3 was drilled lip to 3,057 meier by BAPEX

in 2004.

Prodl.lction from Fenchuganj-2 started on May 22, 2004 from the Upper gas zone by the

installation of interim production facilities. Wel1-3 stated on January 2005 by these interim

production facilities From September I, 200S, production from well 2 & 3 sianI'd by

newly ,"stalled silica-gel process plant Proccss diagram is shown in hgure B-2,

Cumulative gas and condensate production from this field was 15,587 Bcfand 35,000 bbl

as of August 200S.

4.1.4 Feni Gas j/ield

The Feni Gas Field was discovered by Petrobangla in ]980 by drilling well.1 and tested

gas from two horizons. A second, Wcll, Feni-2, was drilled in 1993. The Feni-2 was

completed in Upper Gas Sand. The Feni-J was brought into production from the Lower

Sand on September 1991, Due to excessive water production from Feru-l, the production

WlIS suspended since February 10, 1998. The Feni- 2 was put on production since January

8, 1995 and watered out since February 17, 1997. Gas was produced from the field by the

BGFCL till February 1998, The cumulative production for the period when BGFCL

operated was 40,333 Bcf gas and 86,939 bbl condensate

BAPEX-NTKO Resources Ltd of Canada signed a joint venture Agreement on October

16,2003 for redeveloping of this field. Niko drilled three well (3,4 & 5) in 2003-2004,

Since November 2004, production from Feni (well-3 & 4) field is operated by Niko.

Production stated from well-5 in February 2005 The total production of the field was

49.082 Bcf gas and 97,000 bbl condensate as of August 31, 2005 (ineluding BGFCL

period),
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The LTX plant of Titas field was relocated at Felli Gas field in 1991 and Feni-] gas

stream was processed by this plant. Feni-2 was initially processed by glycol plant of

Karma Gas Field, later a silica-gel process plant was installed for Feni-2 Now, gas stream

(well- 3,4 & 5) of Feni Gas Field are processed by newly installed two Glycol

Dehydration Plant shown in Figure D-3.

A widely used system of dl)~nggas is the Propak Systems Ltd. Glycol Dehydration Unit,

This method provides for absorption nfwsler from the vapor pha~e into the dry glycol in a

contactor tower, regeneration of the wet glycol fonuwed by recirculation to the coota,,'tor,

4.1.5 Habil!;anj Gas Fi~ld

Habiganj is spatially adjacent 10 the Rashidpur Gas Field (12 Km), the first ever frontal

folded belt discovery by Shcll in 1960, Natural gas reservcs were discuvered in the

Habiganj Gas Field by Pakistan Shell Oil Company (PSOC) with the drilling of the well,

Habiganj No, I (HB-1) in 1963, The evaluation is essentially directed to two pay zones

defined ill the discovery well IID-l of upper gas sand (4,500 - 4,875 it ss) and lower gas

sand (9,805.9,855 fl ss)

PSOC drilled a second wen to appmise the Upper Gas Sand reservC'l in 1963. Both HB-1

and HB-2 wcre left as suspended wells until final completion operations were undertaken

in 1967, Two development wells were drilled in 1984 under a programmed financed by

the french government. HB- J & 4 was drilled into Upper Gas Sand approximately 3000

feet and southeast and 4300 It east-southeast of the HB-lfHB-2 location respectively. HB-5

was drilled deviated to encounter the Upper Gas Sand at its crest and the Lower Gas Sand

approximately 4900 foct south-southeast of the Hfi-J location m 1989 under an ADS

project. HB- 6 was drilled approximately 6500 feet south-southeast of the l'lli-5 surface

location in 1989 under the Gas Field Appraisal Project. During 1998-2000 HB- 7 to 10

wells were drilled and all the wells are producing from Upper Sand,

All wells are Cllrrently completed m the Upper Gas Sand, which is very dry, containing no

condensable hydrocarbons. The Lower Sand is also very dry, containing only trace

amounts of condensable hydrocarbons From the point of ~;ew of gas processing. both

sands can be considered as dry, Although the gas produced in the production test of the

Lower Gas Sands is very lean, the condensate fraction is still higher than in thc Upper Gas

Sands, showing a trend in the increase in the condensate fraction with depth, The test
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production record indicates conden~te production at liquid-gas ratios varying from 0.9 to

1 5 bbllMMscf. The Habiganj Gas Sands contain a dry gas of relatively uniform

composition. Compm;ed of roughly 97 7 percent methane and in the complete absence of

C3+, the reservoir fluid is classified as a dry gas and is suitable for sale, after minimal

(1--1,0)dew point processing

Initial production from the Habiganj Gas Field occurred from HB-I & 2 in Februaryl969.

HB-} and HB-4 were placed on-production in 1984 (mid 1985) and are currenlly

producing gas to the Habiganj Gas Plant located al the I-ID-lIHB-2 surface location. For

wells JIB-I and HB-2. identical [rains, each with design capacity of 60 MMscf.ld, arc

linked together. in 1985, installed process trains for wells HB-3 and HB-4 each have a

design capacity of 75 MMscfd In 1989 HB-5 was added and this well started production

from Upper Sand, HB-6 started production in February 1995, During 2000 HR-7 to 10

wells are prodllcing from Upper Sand.

In present ,ilLlation, raw gas from lill-l & 2 are processcd by plant I &2 Raw gas from

HB-3 & 4 are processed by planl 3 and that ofHB-5 & 6 are processed by plant 4. HB-7 &

9 are processed by new installed one process plant and 8 & 10 are processed by another

new plant. The cumlliative production of gas and condensate were 1276.04 Bef and 67000

bbl as on 31 August 2005, respectively.

Total six absorption (Glycol Dehydration) plants in this field, Capacity of pump in this

field is low for low content of water in raw gas require low circulation rate of pump, Plant

] & 2 share the same Condensate flash tank and Plant 3 & 4 share another condensate

flash tam" The four process trains are lied-in to shared custody transfer, condensate tank

and flare systems Gas proces;ing of plants-I, 2, 3 & 4 are similar. Dut, in plant- 3 & 4,

Glycol surgc tank/accumulator and glycol-glycol heat exchanger are separate in this plam

but in plant -t & 2, are surge tank act as a glycol-glycol heat exchanger & accumulator

where surge tank is a shell side and tube inside thc surge tank of heat exchanger So, plant-

3 &4, glycol stream of the reboiler is passing through the glycol-glycol heat exchanger to

surge tank but in plant-] & 2, glycol stream of the reboiler is direcI go to surge tank cum

heat exchanger. Besides two gas driven pump use, one pump for to pump rich glycol to

regenerator and another for surgc tank 10 contractor top lmy spray in plant 3 & 4. But in

plant 1& 2 use only one pump for surge tank to contractor top tray spray. Some dilterent

have in between Plant 5 & 6 with others plant Process diagram of all of those plants are

shown in Figure BA and 8-5,
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4.1.6 Jalalabad Gas Field

Jalalabad gas field was the first on-shore gas field to be developed by an IOC under the

Production Sharing Contract Scimitar Oil discovered this field in 1989 and later

Occidental Bangladesh developed this field The wens have been drined to a depth of

10,000 ft. JB-l and Jll-2 have been completed in 88-70 sand and other two wells, ]B-3

and JB-4 have been completed in 118-60 sand overlying 88-70 sand BB-70 is

comparatively rich in liquid hydrocarbon> than 88-60 sand. Average depth for the wells is

around 8200 ft. Average initial reservoir pressure in BB-70 and B8-60 sands arc 3516 psig

and 3486 psil' respectively and bottom hole temperatures are 146 ~F respectively.

Well-l started producing from BB 50 sand and other three wells from DB 60 sand. During

September 2002, well- 1 & 2 were re-completed in BB70 sands. Now Unocal Bangladesh

is operator of this gas field.

Production lTom Jalalabad field commenced in l'ebmary 1999 and all four wells were

opened up, The cumulative gas and condensate production was 271.272 Bcf and

29,97,000 bbl respectively a, of August l005,

4.1.7 Kaihlshtila Gas Ficld

The Kailashtila discovery well is located 13 !un to the south of the Sylhct wells, and 74

km to the northeast of the Rashidpur discovery, There are three gas bearing horizons, are

as follows:

Upper <Td,Sand

Middle Gas Sand

Lower Gas Sand

74K3 to 7662 fi Kll

9665 to 9734 ft KR

9K08 to 9990 fi Kll

(7422 to 7601 ft ss)

(9604 to 9673 ft ss)

(9747 to 9929 fl ss)

The Kailashtila field discovery in 1961 was Shell's second in the Frontal Folded Bell.

Natural gas reserves were established in the Kailashtila field in 1962 by rsoc with the

drilling of KTL-I (T,D.13,577 feet KB) m the southern part of the Kailashtila anticline,

with gross pay sand thickness of 414 teet (lJpper Gas Sand, Middle Gas Sand and Lower

Gas Sand). Operations on this well were suspended on March 22, 1962, The well was

completed as a dual producer in the Upper and Lower Gas Sands during the latter part of

1982,
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KTL-2 (TO 10)02 feet KB) and KTL-3 (T.D. 10,853 feet KB) (directional) were drilled

and completed in the Upper and Middle Sands, respectively, as part of the Gas Field

Appraisall'roject. KTL-2 & 3 are I 5 km to the north-northeast ofKTL.I. vvith gross sand

thickness of 515 feet and] km north-northeast ofKTI,.2 at the bottom hole location, with

a gross sand thickness of 527 teet respectively. KTL 4 was drilled in 1996 and completed

in Lower Gas Sand

The reservoir fluid for Upper and Lower Gas sand is slightly retrograde at reservoir

lemperature, Volume percentage of CJ, C4 and higher hydrocarbon are higher than other

fields but lower than that of Beani Bazar field.

The KTL-l slarted production on June 28, 1983 by 30 MMscfd Silica gel plant,

Production from KTL-2 and 3 started in February 1995. After 'Work over. the well 3 was

re-completed in the Middle Gas Sand and production started on 26 February 1998, KL 4

started production in March 97. KTL--2, 3 & 4 arc processed by 90 MMscfd Molecular

Sieve Turbu Expander (MSTE) process plant Cumulative production uf gas and

condensate frnm Kailastila Gas Field was 347,205 Bcf and 42,60,000 bbl respectively as

of A•.•gust 2005.

4.1.8 Meghna Gas Field

The Megna (Marichakandi) Gas Field located approximately 35 miles cast of Dhaka in

east-central Bangladesh. The stmcturc has no :;urface expression being covered by the

extensive flood plain of the Meghna River It was spotted as a pronounced gravity

anomaly in ]953, Shell acquired single-fold seismic data over the entire Bakhrabad Main-

Marichakandi-Belabo area in mid-1960's Petrobangla discovered the Meghna <rdS Field in
1990. A total uf six gas-bearing zones have been identified viz, A, B, C, D, E and F. The

major gas sands of Meghna Gas Field are A and C sands, New commercial discovery,

encountered approximately 1600 feet lower and of different depositional facies than the

sands of the main Bakhrabad Gas Field. The reservoirs of the Meghna <rdS Field are

named the A to F Sands and have no direct correlation to the similarly named sands in the

Bakhrahad Gas Field,

In total, eight gas sands (six named, two unnamed) have been encountered in the

Marichakandi area between the depths 7508 to 9917 ft s•.•bsea'



'A' Sand (7533-7508 ft subsea) :

'B' Sand (7630-76J J ft subsea) :

'C' Sand (8727-8697 ft subsea):

'D' Sand (9596-9578 fl subsea) :

'E' Sand (9721-9710 ft subsea):

'F Sand (9917-9881 ft sL.lbsea)

Untested, net 17 ft, Gross 25 ft.

Untested, net 12 ft, Gross 19 ft.

Untested, net 30 ft, Gross 30 ft.

Untested, net II ft, Gross ]8!t.

Untested, net 06 fl, Gross 11 ft.

Untested, nel 29 ft, Gross 36 ft
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The reservoir fluid of the Megna Gas Field is non-retrograde at reservoir temperature.

Liquid is condensed from the well effluent for temperatures lower than 100 of, This

representative gas composition contains 98 mole% methane and ethane, with only a small

amount of recoverable C,+ liquids (less than 3 bbllMMscf).

Well no. 1 was brought imo production from 'C' sand on 24 JlInc 1997. Cumulative

production of gas and condensate from this field were 34.39 Bcf and 53000 bbl until 31

August 2005,

Two Low-temperature extraction (L TX) plants were originally installed at Titas field in

1969 and subsequently relocated to Feni in 1991 and Meghna in July 1996

4.1.9 Narshingdi Gas Held

The Narsrungdi Gas Field is located approximately 46 km east of Dhaka. The well-l (BK-

10), was drilled as part of the Gas Field Appraisal Project to evaluate the hydrocarbon

potential of the northern culmination of the Bakhrabad structures identified by the

Pakistan Shell Oil Company in the early 1960's The single well penetratmg the two

commercial Narshingdl gas reservoirs was drilled as a development/exploration well

investigating the northerly extension of the Bakhrabad structure, The gas reserves

identified through OST evaluation and production testing represent a new type of gas

reservoir in Bangladesh, namely a stratigraphic gas reservoir.

The gas sands encountered in BK- J ° with a total depth of 11,253 ft subsea are two

commercial accumulations of gas, Lower Gas Sand (10,333-10,378 ft ss) and J Sand

(9,506-9,537 fl ss.l. The 'A2' culmination of Shell has been redesignated as the 'C

culmination by Pdrobangla
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The reservoir fluid of the Narshingdi Gas Field is non-retrograde at reservoir temperature,

Fluid properties for the Upper and Lower Gas Sands of Narshingdi Gas Field are

consistent with the mole fraction compositions. Gas composition contains over 97 mole %

methane and ethane, with a significant amount of recoverable C,+ liquids (almost 9

bbllMMscf) The Narshingdi reservoir fluid contains a larger percentage of C,+ which is

consistent with testing results in which the condensate-gas ratio was found to be 2.5

bb1'MMscf(at separator condition).

Production from this field commenced on July 25, 1996 ITom the Lower Gas Sand. The

cumulative production from l.ower Gas Sand was 59.142 Bef gas and 1,33,000 bbl

condensate as of August 2005,

The Glycol Dehydration plant involved in raw gas processing which was originally

installed at Bakhrabad Gas Field in 1984 and relocated to this field in 1994.

4.1.10 Rashidpur Gas Field

The Rashidpur Gas Field is located approximately five miles west of Srimangal in the

east-central part of l3angladesh. Natural gas reserves were discovered in the Rashidpllr

Field in 1960 by Pakistan Shell Oil Company with the drilling of the first well RP-l and

got two pay zones i.e. Upper Gas Sand (4,530-4,825 ft KB) and Lower Gas Sand (8,880-

9,145 ft KB)

RP-] was completed in Upper crd~sand A second well, RP-2 was also driHed along side

RP-1 in 1960-61 up to a depth of 15.071 feet. In 1989, RP-2 was re-completed the Lower

Gas Sand. Two new wells RP-3 and RP-4 were drilled and completed in the Lower Gas

Sand in 1989 as part of the Gas Field Appraisal Project. During 1999, RP-5, 6 and 7 were

drilled. RP 5 was drilled in Lower Gas Sand (Bhuban Thin Alteration), RP-6 was

completed in BhL1banSand and RP-7 was completed in Lower Gas Sand

The reservoir fluid of the Upper and Lower Gas Sands is non-retrograde at reservoir

temperature. The Upper Gas Sand contains a very dry gas mainly composed of methane

with no gas liquid potential, Composed of roughly 99,4 percent methane, the reservoir gas

is c1assilied as dry gas, and is suitable for sales afler minimal (IhO) dew point processing.

Theoretical liquid recoveries based on field separator conditions were predicted at 221

bbl/M.."I1scfto all lower zone production.
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Production commenced from RP-l in September 1993 and tollowed by RP-2,3 and 4

during February to April 1994, RP-S, 6 and 7 were brought into production during JaJllJary

2000. The cumulative prod •.•ction from Rashidpur Gas Field was 361652 Bef gas and

5,13,000 bbl condensate as of August 31, 2005

A Glycol Dehydration proces~ plant of 60 "MMsclQcapacity is used for processing the raw

gas from RP-]. Raw gas stream of RP-2, 3 & 4 are processed by Silica-gel process plant of

70 MMscfi'd capacity. Raw gas stream of RP-S, 6 & 7 are proces,ed by two new Silica-gel

process plant (2X45 MMscfd). Glycol is similar to newly instaJJcd plant of Habiganj Gas

Fieid (Plant 5 &6). Here, entrainment separator was installed to separate liquid portion of

the gas stream coming from the glycol tower. It is installed for finally remove the dust,

liql.lidhydrocarbon, waler or other undesirable foreIgn particle (if any) of sales gas Lower

part of the glycol tower IS equipped with scrubber section It is remove liquid and solid

impurities that may carry over ITom l.lpstream ve:.sel5. As a result, the life of the glycol is

increased and is increased lhe bubble plate efficiency. Process diagram of those plants are

shown in Figure B-6, B-7 and B-8

4.1.11 Saldanadi Gas Field

Saldanadi Gas Field is located in the eastern part Bangladesh in Brahmanbaria Di51rict it

is a part of Rukhia anticline Saldanadi-I was drilled in 1996 by BAPEX There are three

gas bearing horizons: Upper Gas Sand (7352-7057 fl), Middle Gas Sand (7235-7039 ft)

and Lower Gas Sand (7913-7832 ft) Well-l was completed as a dual producer of Upper

and Lower Gas Sand. SaJdanadi-2 was drilled directionally in 1999 by BAPEX, which was

completed as a single producer from the Middle Sand,

From well-] and 2 production started from 28 .March 1998 and 3 May 2001, respectively

by the BGFCL. BGFCL handed over the field to BAPEX at Julyl, 200L Cumulative

production oflhe field was 41.838 Bel' gas and 35,000 bbl condensate as of August 2005.

The Glycol Dehydration Plant of thi~ field originally was installed at Kamta lrtlS Field in

1984, Due to shut in of Kamta well, the plant earlier relocated to Felli Gas Field in 1992

For the same reason subsequently the plant relocated in this field in 1997 by the DGFCL.

Block diagram and process flow diagram of the plant are shown in Figure B-9 and B-10.
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4.1.12 Sangu Gas Field

Sang" is an offshore gas field, localed at distance of some 40 kilometers south west of

Chittagong, in Block 16. The l'SC of Block 16 between Petrobangla, Cairn Energy Pic and

Holland Sea Search Bangladesh B.V was signed in May 1994. The exploration weH

Sangu-l was drilled in February 1996 and discovered gas Four potential gas-bearing

sands and number of minor sands were identified. So far six wells have been drilled, O<.lt of

which four wells are in production. Shellllangladesh Exploration and Development 13V.

(SHED) explore, tor gas in the southeast of Bangladesh (Block 15 and 16) through a 50/50

partnership with Cairn Energy Pic, In addItion, with HBR Enerb'Y Inc, the Joint Venture

operates the Sengu Gas Field. In July ]999 Shell took over the operatorship of the Joint

Venture in Blocks 15 and 16 from Cairn.

The Sangu gas from the production plaltonn flows via a pipeline to the onshore gas

proccs&ing plant at Chil1impur and is then being transported into the national grid. Doth

the ofTshore production platform and the gas plant are designed to deal wilh exceptiunal

weather conditions, such as cyclones and floods.

The Sangu offshore production platform is unmanned, operaled by a telecommunication

system at the onshore gas processing plant at Chillimpur, An operations crew visils the

platform lwice a week to conduct prod •.•ction, maintenance and il15pection activities.

Gas production commenced from Sangu on June 12, 1998 from the wells Sangu-3Z and

Sangu-4. Sangu-5 was brought into production from July 16 and Sangu-l to 4 were

brought into production from Oclober in the same year. Sangu-8 & 9 brought into

production in March 2005 and Sangu-7 were brought into production in June 2005. The

cumulative production from Sanb'UGas Field was 330 <)45Bcf as of August 2005.

4.1.13 Sylhet Gas Fi~ld

The Sylbet Gas Field was discovered by the Pakistan Petroleum LimIted (PPL) in 1955.

Sylhct-l was spudded with a target to drill down to 3,800m, But after cementing of casing

al 2,377m, the well blew oUI Sylhet.2 was drilled in 1956 but, due 10 abnormal pressure

encountered al 2.818m the wellbore was plugged and abandoned Sylhet-3 was drilled

successfully in 1957 and was put on production in 1960 as commingled producer from lhe

Upper and Second Boka Bil Sands In 1962, Sylhet-4 was abandoned due to presence of
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abnormal pressure at shallower depth In 1963, Well.5 was drj]]ed as an observation well

to monitor pressure behavior of shallow sands. Sylhet-6 was successfully drilled in 1964

and was completed as selective dual producer wcH in the Upper and Second Boka Bil

Sand. Sylhet 6 started production in AUb'Ust 1964 Gas production from 2nd Bob Bil was

suspended during March 1988 due to excessive water and sand prodllction Gas production

from Sylhet-6 (Upper Sand) continued at about 5.5 MMscfd Sylhet 7 started producing on

April 2005, after an work over operation by BAPEX The cumulative prodLlction from

Sylhet Gas Field was 176 829 Bef gas and 5.42,000 bbl condensate as on 31 August 2005

A Silica gel process plant of 30 MMsdll capacity is used for processing the raw gas from

this field

4.1.14 Tiles Gas Field

The Titas anticline is along the strike trend with the western most surface structure of

Tripara, the Rokhia anticline, approximately 20 km to the south of Titas. The gravity

survey of PPL in the early 1950s provided the initial indication of the Titas subsurface

closure. A natural gas reserve was discovered in the 1itas Gas Field by Pakistan Shell Oil

Company (PSOC) with the drilling of Titas Well No. I (IT-I) in 1962 The Tilas field is

the largest and most promising discovery in Bangladesh. The gas sands are classified into

two categories: major sands and minor sands Major sands include A2, AJ, A4, B3 and C3

while minor sands include A I, BO, HI, B2, C1, C2 etc. The individual sands of the B and

C Sand Groups are more cunsolidated than the A Sands. The hydrocarbon accumulations

of Titas Gas Field are contained in 13 distinct reservoir sands, which have been grouped

by depth into the A Sand Group, B Sand Group and C Sand Group.

PSOC drilled TT-2 in ]962 and deviated we1l1T-3 & 4 frum TT-I were drilled in 1969.

Petrobangla completed the development of the A Sand Group between 1981 and 1985

through the drilling of the wells TT.5 to 1'T-7 The TT-5 and TT-7 wells were

directionally drilled ITom the surface locatIon 1. TT-6 was drilled as a vertical well in a

step-oullocation (Location No.3) to the north. 1T-8, 9 & 10 were directionally drilled in

Band C Sand Groups in 1985,1987 & 1988 from the surface location of TT-6

respectively. Tilas Well No. 11 was drilled as part uf lhe Gas Field Appraisal Project in

the Northem most in 1990. TT- 12 to 14 (TT-13 & 14 deviated well) were drilled in A

Sand Group under the Tita, Natural Gas (TNG) project ofBGFCL in between 1999 to
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2000, Eight wells are currently completed in the A Sand Group: TT-I through 1"1'-7 and

n"-II. The Band C Sand Groups afe currently being depleted on a commingled basis

through wells 1'T-8, TT-9 and 1T-IO, Now, the drilling programmed of 1'1-15 & 16 afe

continued by BAPEX for make up national gas demand.

Commercial production from Titas Gas Field was commenced on February 1969 with

start-up of wells TT-l and IT -2, Two more wells, IT-3 and TT-4 were produced on 1970

June ]981, 11-5 was brought on-stream, TT -6 and TT-7 were added in February-1984 and

Au~,'ust-198S, respectively. Production from the Band C Sand Groups commenced in

February 1986 when n-8 began operation. Wells IT -9 and TT -10 were added in March-

1989 and September-1990, respectively. Cumulative production of the field was 2418 808

fief of gas and 32,20,000 bbl of condensate on August 31, 200S

At Location t, the gas processing facilities for each of four wells (TT-I, TT-3, TT-4 and

TT-5) are based on the glycul dehydration process (plant 1, 3, 4 & 5), The gas stream from

the TT-7 goes through a Low Temperature Separation With Glycol Injection (LTS)

process (Plant 7) train, which includes a well stream cooler on the inlet and glycol

injection for hydrate prevention. Design capacity of the gas processing trains for wells TT-

I, T'1-3, TT-4, TT.5 and TT-7 are each 60 MMscfd and process diagrams are shown in

Figure B-Il and B-I2. Also situated at Location 1 are common facilities for sales gas

measurement and transmission and condensate product storage & transport, flare and

utility gas systems, Design capacity for these common facilities, whIch handle custody

transfer for all wens in T;ta-~Gas Field, are 250 MMclld of dry gas and 200 bblld of liquid

condensate Schematic diagram ofTitas Location -1 is shown in Fij,,'ure4 2.

Location 2 is comprised of the surface location of wen TT-2 and, prior to 199t, a 40

MMscfd Low Temperature Separation train based on the LTX process, which makes use

of hydrate fumlation in the recovery of liquid hydrocarbons. As shown in, the outlet dry

gas and condensate streams from Location 2 were piped to the common rncilities at

Location l.In ]991, the LTX process train was removed /Tom Location 2 and relocated to

thc Feni Gas Field, CLlrrent1y,the gas stream from well TT-2 IS process partially by Hcater

& K.O. Separator in Location 2 then flow line is connected to Location I for further

processmg, where it shares the glycol dehydration process trams of wells Tf-l, TT-3, IT-

4 and TT-5.
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AI Location 3, the gas processing fac,hties for wen TT-6 are based on the glycol

dehydration process (Plant 6), while the gas streams from wells 1"1'-8, go through Low

Temperature Separation With Glycol Injection (L1'S) process trains (Plant 8) and 1'1'-9 &

10 go thrOL1gh Low Temperature Separation With Olll Glycol Injection (LTS) process

trains (Plant 9 & 10) which include well stream coolers on the inlet, The facIlities for well

1'1'-8 also incorporate glycol injection for hydrate prevention. The Production Facilities

1'1'-11, located Location 4, is tied-in by flowline to Locations 3 and shares the gas

processing facilities associated with well "1"f-6. Design capacity of the gas processing

trains for wells 1'1'-6, 1'1'-8, rl-9 and TT-JO are each 60 MMcfld Schematic for wells

II -6, IT -8 and TT-11 are presented in Figure B-13.

At Locatlon 5, Ga~ stream of lI-12 not flow through gas processing facilities due to

excessive water production, Gas :,1ream only pass through KG Separator then common

sales Scrubber to R-A tran~mission line & condensate separate in Skim pit. TT -13 & 14

each go through two newly installed Low Temperature Separation Without Glycol

Injection (1.TS) process trains (Plant 11 & 12) which include wen stream coolers on the

inlet. Design capacity of the gas processing trains lor wells TT-13 and TT-14 are each 60

MMcf/d. The outlet dry gas of TT 12J3 & 14 are common facilities for ,ales gas

mea~l1rement and transmission and condensate streams are piped to the common facilities

at Location] storage, transport or further processing.
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4.2 Process Plants in Bangladesh

Numerous technologies have bcCIl developed for gas processing based on a variety of

chemical and physical principles The selection of the technology and the design of Ihe

overall plant depend on many tactors. The following key data I metors are required to

select surface facility I Process Plant:

Reservoir and Fluid data:

• Gas reserve! gas in place

• Gas recovery

• Reservoir deliverabi1ilY

- The deliverability of a well can be estimated by applymg LIT (Laminar-

inertial-turbulent) analysis.
_ The Absolute Open Flow Potential (AOFP) of well i5 estimated from

deliverabjJityequation

_ Deliverability or producing capacity of a well or field with respect to time must

be known for economic evaluation and plaruung eqllipment purchase

• Reservoir gas composition I fluid analysis:

-Gas is dry or wet (containing appreciable heavier hydrocarbon)

-Presence of heavier hydrocarbon /Taction

-Amount of condensable hydrocarbons at separator condition

-Presence of water /Taction

-Presence of contaminants or undesirable components, such as hydrogen

~llifide and other cO[Tosivesulfide compounds and carbon dioxide etc.

-Presence of water

-Retrograde or non-retrograde at reservoir,

• Physical and thermodynamic propcrties of the reservoir fluid:

-Initial average reservoir static pressure

-Reservoir average temperature

-Shut-in wellhead pressure

-Specific gravity, specific heal, viscosity, compressibility factor, critical

pressure and temperature etc.

-Corrosive or non-corrosive

The following properties of gases are essential to design flowline!\, flanges, heat

exchangers, separators, vessels and other surface facilities,
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• Production forecast Iga5 recovery period! Life of the field:
-Total amount of economically recoverable gas

-Constant production period
-Rate of return and profitability analysis.

• Condensate gas ratio:

-Amount offree condensale in the gas stream

-Estimate recovery by a different process plants

-Over all rate ofretum/economic feasibility
• Water gas ratio

-QualifY reservoir
-Calculate pumping rate I desiccant volume

-Rehoiler I Heater duty

The gas compositions ofdiffcrent fields in Bangladesh are shown in Table A-2. From this

table, we observe that the presence of sulfur compound is nil/trace amount, and heavier

hydrocarbon is present in small amount in most of the fields Due to this composition of

the natural gas in Bangladesh, the need tor sweetening etc is minimal I not required.

Therefore, gas processmg mostly involves dehydration The following types of gas

processing plants are used in Bangladesh:

1 Absorption Process Glycol dehydration plant.

2, Adsorption Process: Silica gel dehydration plant

3 Low Temperature Extraction (LTX).

4, Low Temperature Separation (LTS) with Glycol Injection.

5 Low Temperature Separation (LTS) without Glycol Injection.

6, IFPEXOL Process (Refrigeration process absorption by methanol and propane as a

rcfrigerant.).

7. Adsorption Process with Turbo Expander: Molccular sieve cum turbo expander

plant and

8. Absorption Process with Turbo Expander. Glycol dehydration wm turbo expander

plant,

Each of these processes has merits and demerits considering technology, operation,

maintenance, investment etc, Table 4,3 shows the company names, along with the plant

capacitIes, manufacturer and year of installation etc, A discussion on each type of plant"

presented in the next sections.



Table 4.3: Current Status orGas Processing Plants in Bangladesh.

Field Type of plant No,. Technology Source Y.ar of m'tlll~l;on Namo plale PrcSCnl Proc.ssmg Expected
(M.""f""lurer I Sllpplior) Capae,ty Cap~city ("1Ylscrd) Replacem.nt

(MMscfd) Time

Plants -I & 3 CE NATCO US,\, LTD March, 1%9 & September, CO " 2006.2007
1969

Gl)'ooi Planl' ..• & 5, eEl NATCO UK, LTIJ, Jun., 1981 0" " 20119_2010
D.h)'dmlion ,

Plall!' -<l MALONEY STEEL em. F.bnUlry. 198.• 60 " .
CANADA

LTS ",ith ESCHER B.Y.. HOLLAND Febnulry, 1987 & July, 1987 ,,, '" .
glycol , Pb~IS-7&8
in' eclion

TiLas LTS ",thou! Pbnls-9 &10, ESCHERB.V,HOLLAND Sept.mb.r, 19911 ,,, ;0 .
glycol ,
l1ljection Plants.1l & 12 Hn"D,\)E;«+<+. & CORP 2001 '" "" .

CondC1\s~te No 1 19MO 500 bbl,' day 350 bbUday 2007.2008

Fractionalion , 1"0,1 1992 SOObbUd"y .•50 bbUday
Planls

.

Scmbbor , ", 1980 "" n" 2012_201 .•

NO.1 19S.• ';0 '", 2012-201~

Plant'. 1 & 2, PT. AVLAUINDONESIA "by,19Ml CO " 21110-2011

FABRICATORS.
Glycol L'IDONESIA.

Habig<lnj Dellydra!lOn Plams - 3 & .•. BLACK, SIVALLS A Jllne.1985 " " .

" BRYSOX FRANCE
Plants _5 & 6 ESCHER HOLLM"D "'" " " .

B,V"TI-lE
l\"ETHERLANDS

Silic.gel Train A.B, & C SEA;o,lORE OIL AND GAS October, 1986 '" ;0 .
Dehydralion , PROCESS, NEDERLAND

Bakhrabad Tmin D ESCHER B,V, HOLL."':'-ID Decemb.r, 19M9 CO '"
Fractlonalion , . 1986 750 bbllday GOObbllday .

P~lIlI
w~



Table 4.3 (Cont'd) : Current Status of Gas Processing Plants in Bangladesh.

Field Type of plant N~. Teohnology Source Year of installatIon "moe plale Present Processing Expected
( ManufaClurer I Suppller) Capacl!y Capadty (MMSCFD) Replacement

(MMscfd) Time

Glycol FirSl installed al Bakhmbad '" W .
Nar:singdl absorption , ABAX. CANADA field In 198~_ relocated 10

Na"in~di field lU 199~,
First installed at Tilas 2006
;nl%9, reloc"led to Feni

Meghna UX , CE NATCO UK LTD, field in 1994, retocated to " "Me~hna field ill 1~97

5,lhel Silica gel , 1962 31l '" -
(H;rin~r)

Glvcnl , SEAMORE OIL AND GAS PROCESS, 1993 '" m -
Rasidpur deh~:dration NEDERLAND

Silica gel , CHiNA HUANQlU CHEMICAL ENGG. '"00 " " -
CORP.

Silica , ESCHER BY, HOLLAND 199.\ ;0 '" -
S,llca gel , - 1983 ;0 ;0 -

Kmlash!ila Molecular , ABB RANDELL CORPORATION, TEXAS 1995 '" "" -

Sicve • Turbo
e.~txlruJer

- Firs! installed al Feni field in '" m -
Beanibazor Silica gel , 1Y8~>relocated to

BcauibllZ'l[ field in 1999.
FIrst inslalled"1 KlImla in '" '" -

SaldanIldl Glycol 19M. relocJled 10Feni field
dch)'dration , ESCHERB,V" HOLLMTI in 199.•, relocated to

Saldanadi field lU 1998.

FCllChuganj Silica gel , CHINA HUANQlU CHEMICAL ENGG. 2005 '" "" -
Dehvdmlion CORP.

Fcni Glycol , PROPAK SYSTEM LTD, CANADA 2005 '" -
dehvdmtio"

Moulobiba~ar - 2(~)5 - - -
Jalalahad IFPEXOL , IFPEXOL, FRANCE 1999 130 "" -

w
W
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4.2.1 Absorption Process: Glycol Dehydration Plant

In an absorption process, the extent of dcw point depression is detennined by inlet gas

temperature and pressure, lype of liquid absorbent used, concentration of absorbent,

circulation rate and the quantity of contaminants in the absorbent. Where maximum dew

point depression is desired, maximum glycol concentration is required. This requires

maximl.lm safe regeneration temperatures, in either conventional or gas stripped unit.

A dehydration process, which lowers the water content of natural gas, will prevent the

formation of hydrates. A secondary benefit, which results from the removal of the free

water, is retarding COrTosionto the pipeline. The fonnation of gas hydrates, which are

cry,talline structures, will result in the reduction or blockage of flow in natural gas

gathering systems or transmi,sion lines. Conditions that promote hydrate lbrmation are the

presence offree water, low temperature and high pressure.

Tricthylene is the most predommanrly used glycol for dehydnl1ion and bas largely

replaced diethylene for this purpose Tricthytene glycol bas a higher decomposition

temperatl.lre than diethylene, and can be reconcentrated 10 a higher degree, with a resultant

increase in dew point depression.

There are sixteen glycol process plants located at different fields as shown in Table 4,4 In

most of the glycol plants, processing procedure are similar, bl.lt glycol regeneration

systems are different.

Table 4,4: Glycol Deh~'dration Proc~ss Plants in DilTennt Fields.

Name of The Gas Field No of Process Plant Capacity orrlant (MMscfd)

fem 2 2X 20

Habiganj 6 2X60+4X75

Nar~hingdi 1 60

Rashidpur 1 60

Saldanadi 1 20
Titas 5 5 X60

Total 16 750
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In additIOn 10 the ones mentioned in Table 44, four glycol related plants are installed in

Titas and Sangu fields. In Titas, two LTS with glycol injection plants are installed. "Where

glycol regeneration systems are quite similar to a typical glycol dehydration plant. Two

glycol with turbo expander plants are installed in Sangu field. In those plants the glycol

dehydration and regeneration systems are also quite similar to a typical glycol dehydration

plant.

General description of equipment and process of a glycol dehydration plant are presented

in the following sections.

4.2.1.1 Equipment Description

Generally a glycol plant consists oflhe following major components/systems:

i. f'ressure Reduction Unit

There are two pressure reduction valves (in parallel complete with necessary isolating

valves), one operating and the other standby to reduce line pressure to plant operating

pressure by a pressure controller receiving signal from downstream of the pressure

reductIon valves.

ii. !"Iel Waler Balh Healer

An inlet watcr bath heater is required for eaeh plant to prevent formation of hydrates in the

pressure reducing choke valve when incoming gas is cooled. If the possibility of hydrate

formation in the gas gathering pipelines, this raise the temperature above the hydrate

formation,

iii. High Pressllrt' I"lel Kllock-oul Separator

Removal of free water, frec liquid hydrocarbon is done in the inlet knock-Ollt separators.

Separator operates basically upon the principle of pressure reduction to achieve separation

of gas and liquid from inlet stream. In the separator different technologies applied for

mechanical separation process, such as centrifugal action, gravity settling and

impingement technique based upon thermodynamic vapor-liquid equilibrium principles It

is fitted with a dc-mister pad, liquid level controller etc. Liquids extracted at this vessel are

dumped to flash separator afier lcvel control of liquid,
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IV. Glycol Con/actor lower

Tri-ethyJene glycol contactor tower dehydrate the wet gas coming from inlet separator

The dry gas passes over through the top of the lower and water-rich glycol is to be

collected at the bottom and discharged to the regeneration LlniLIt is equipped with bubble

try, mist extractor, level controller & <;afetyvalve etc.

v. Gas-Glycol Heat f':rchangt>r
Gas-Glycol heat exchanger cools the glycol coming from regeneration unit and heats the

processed gas /Tom the glycol oontactor tower. It is either fin tube or shelllL1be exchanger.

l'i. Sales IlIle Scrubber / Filter Separator

Sales line scrubber or filter separator is finally removed the dust, liquid hydrocarbon,

water or other undesirable foreign particle for supply of clean gas. Most of the s<.oubberis

horizontal single or double tube vessel

"ii. MelermK S/(Elio/1

Dry gas from glycol absorber tower (via. scrubbcr) is supplied to >alcs/transmlssion line.

Orifice meter are adopted for the natural gas How calculation by the flow computer on the

outlet line of the plant. Three pen type (Mechanical recorder) is installed also for record

flow rate (difterent pressure), pressure, and temperature. A flow control valve is control

the tlow of sales line.

"i,i, Glycol H.l!generalion IIllil

Glycol regeneration unit comprising of glycol flash separator, glycol-glycol heat

exchanger, glycol reboiler, glycol pumps, still column, glycol accumulalor etc. This unit

regenerates the water rich glycol from conlactor tower The wet glycol tlows through low

pressure three-phase separator where the entrained gas and any liquid hydrocarbons

presenl are removed, Glycol-glycol heat exchanger exchange heat between lean glycol

from the reboi1er and rich glycol from the glycol tower. Air-glycol heat exchanger is used

to maintain the glycol temperature with respect to pump tolcrable limit. Two types of

glycol filter are used to remove solids by a sock filter and to ab;orb small amounts of

hydrocarbon by a charcoal filter that may build up in the circulating glycoL Four energy

exchange type or gas driven plunger type glycol pumps are inSlalled for injection of glycol

to lower, Water vapour from still column shall be accumulated to a vapour dmm through a

cooler for disposal of water to skim pit and vapour 10 a vent stack provided by the

Contractor
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ix. CondeJI.l'ateFlash Separator

Water and condensate from high pressure inlet separator and glycol contractor shaH be

dumped to this flash separator. Condensate and water after separation in this fla:.h

separator will be automatically transferred or pumped to prodllctionlcondensate tanks and

waste water system respectively and flash gas to the flare/fuel gas header, Each liquid and

vapour outlets in this vessel is provision of mechanical/pneumatic flowmeter for

measuring flow per day

" Fuel & fnslrllmCII/ gas system

1he tlashed gas from the glycol & condensate flash separator is used within the plant as

fuel & instruments gas for processes. The shortfall is made-up by the letting down sales

gas by the regulator The fl.lel & instrument gas enters the scrubber for the removal of the

entrained liquid before distributed to the utility file!& instrument gas users,

Xl. COn/rols& l/lstrumenlalioll

The plant has a simple control system. Pneumatic or Electro-pneumatic controls are used

All instruments shall usc instrument gas and flow and pressure control systems' shall be

pneumatic. Temperature, pressure, diHerential pressure & How comrols, recorders,

gauges, ;witches, alarms and indicators are provided to allow proper and satisfactory

operation, control and monitoring of the plant. An anmmciator panel to be located inside

the operator room tor annunciation of critical parameter, such as high pressure and

temperature, pilot & burner outage of heaters and reboilers, liquid levcl of vessels,

shutdown annunciation for ESDVs etc,

Each plam inlet & outlet is pro~~ded with pneumatic emergency shutdo.vn valve (ESDV),

which shan be activated, by high plant inlet pressure and other parameters, which the

Contractor consider, critical and essential for smooth operation uf the plants The ESDV

shall also be activated by manual push buttons to be located in the plant area as 'Wellas in

the remote annunciator panel

xii. Wasle Water Syslem

Oily water separator, Skim pit and soak pit are used for to remove water, condensate and

suspended solids from waste water from the tanks, separators etc. The waste water

maintain of suitable quality for disposal in the soak away pit with oil content less than 20

ppm and oil particle not greater than 10 mieron
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xiii. Natllml Draft Air Cooler, Vapo}"

The natural dnd't air cooler, a vapor drum and a vent stack are used for optimum recovery

of condensate/water vapor from glycol regenerator/still colunm oflhe plants.

Xfl'. i'lare Sy.<lem

The connections from this process plant to the flare system to bum unwanted gas from the

flash separators, safety valves etc. and to depressurize the plant whenever is required. The

depressurize line from the plant are connected through a manifold with a flare off-take.

Necessary non-return valves are to be provided in each depressl1rizes line to prevent flash

back, All pressure relief and safety valves shall be vented to the flare.

Xl', Condensate S/()rage Tank

Two cylindrical welded cone roof or rectangular condensate storage tank is installed with

plant One tank use as production tank and another use as delivery tank, The tank will be

provided 'with filling. transfer and dischargc systems by condensatc pump,

xvi. Fire and Safely System

The plant fire water system equipment oonsists of fire extinguisher, foam fire fighting

system, Smoke detector and Heat detector, fire fighting pump and jockey pump with fire

water spray ring and spray nozzles and fire hydrants etc.

The major equipmentslcomponents described in above are not installed in every glycol

dehydration process plant. Moreover, samc equipment of differcnt types is installed in

different plants. Prcssure reduction unit, glycol oontractor tower, condensate flash

separator, reboiler, stin column, recording system, fuel & instrument gas systcm, flare &

burn pit, waste water system etc, are similar type installed in evcry glycol dehydration

plant m Banglade<;h.
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4.2.1.2 Process Description:

The following basic operations are performed in the glycol dehydration plant:

'- Pressure reductlOI/, flow recording & heatin;:

Well head presrure is in the reglon of 185 - 210 barg. In the Pressure let down, the gas

from each well is throttled to a plant by choke manifold operating at approximately 65-72

barg for delivery of the raw natural gas to plant. The gas stream after flashing across the

inlet pressure controller may cnol down to a level lower than the acceptable hydrate limits,

especially during the winter months due to low feed ga> temperature. When flowing well

stream temperature is not high enough to maintain the temperature of knockout separator

at above hydrate formation temperature after expansion of gas at control valve preceding

the separator, a coil tube water-bath line heater is I.Isedto raise the temperature of the gas

stream The coil tuhe water bath heater always keeps the water temperature above

50-90°C, the gas stream across the inlet water bath could be above the hydrate limit all

timc, Tu prevent the funnation of hydrate, inlet water bath heater is provided in the duwn

stream of the plant inlet header. If production from twu or more gas wells m the gas field

thcn more than one flow recorder (three pen type mechanical recorder I flow computer)

are used fur record flow rate (different pressure), pressure, and temperature of each welI,

ii. HiJ!lJ pressure liquid !mock-ollt

Raw gas from well carries some free liquid is separated from gas stream by a knockout

separatur, A pressure contrul valve is installed at inlet ufknockout separator tu step sown

the fluwing gas pressure and tu maintain the pressure of the separator at desired range.

Drop in pressure of flowing gas stream after control valve causes expansion cooling of the

gas stream into the separator, furm droplets of liquid in gas stream, and scparates the

liquid from gas stream at coalescing plate into the separator. Raw gas from well also

carries also some solid debris, which is separated from gas stream by a knockout

separator Block diagram of glycol dehydration process is shown in Figure 4 3.

iii. Absorption of ••.aler mpor from Kas .<!ream(dehydrolioll)

Outlet gas from separator containing some condensable hydrocarbon and saturated water

enters a vertical contractor tuwer, Tower containing bubble-trays is used as absorber, The

purpose of the bubble cap is to break the gas into many fine streams to provide intimate

contact ufthe gas and glycot permitting the absorption of the water vapour into the glycol.
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Wet Bas after scrubbing of ll'ee liquids, enters contractor lower helow the bottom tray.

Reconcentrated glycol is pu.mpcd to the top tray by glycol pump and then downward tu

each succeeding tray until it is IIccumlilates in the base of the cOlltactor. So, the 'WeIgas

passes upward through the bubble caps, counter cLirrently contacting the lean glycol as the

glycol passes downward From here the wet glycol passes through either II diaphragm

control valve actuated by II liquid level control or through the drive side of II glycol-

powered pump. The liquid level control is required when either gas driven pumps arc

used. A level cOlltroller is not required wilh the glycol-powered pump. The glycol will

absorb heavy hydrocarbon liquids present in the gas stream Accumulated heavy

condensate over the level of water-rich glycol is sent to condensate flash separator afh,T

maintaining the level by the level control valve. Aftcr thc gas stream leaves the contactor,

it flows through a gas/glycol exchanger containing the warm the glycol feed to the

contactor. This provides cooling of the glycol beforc dircct contact with the gas stream on

the top tray.

iv, Reconcrlllratwn of waler rich x/yeol (evaporation)

The wet glycol flows through a glycol pump of pilot side to drive the pump & then flows

to a optional low pressurc scparator operating at 35 to 50 psig wherc the entrained gas and

any liquid hydrocarbons prescnt are removed. This horizontal glycol separator is a

standard three--phase vessel dcsigned for at least 15-30 minutes retention timc. The gas

from Ihe glycol separator can be used for fuel gaslinstrument gas

The glycol then flows through thc glycol!glycol heat exchanger oftllbe side for preheated

where the rich glycol (shell side) is heated by the hot lean glycol to approximately 130°F

to 150°F. The preheated glycol then flows through a glycol filter to remove solids, Filters

are nonnally de,igned for the removal of 5-rnicron solids, The filters help minimize

foaming and sludge build-up in the reeoncelllratoL The preheated glycol the~ flows

through the reflux condensing coil in the still column mounted on thc nx:oncentrator,

which opcrates at atmosphenc pressure A, the glycol falls through the packing i~ the still

column, it is heated by the vapors being boiled off the liquids in the Teboiler. The falling

liquid gets hotter and hotter. Thc gas flashing !Tomthis liquid is mostly water vapor with a

small amount of glycol Thus, as the liquid fans through the packing it becomcs leaner and

leaner i~ water Before the vapors leave the top of the still they encounter the reflux

condenser, where the cold rich glycol from the contractor cools them, condensing the

glycol vapors and approximately 25 to 50% of the rising water vapor. This develop~ a
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reflux liquid stream, which reduces the glycol losses to atmosphere to alma,! >:ero, The

water V3por exiting the top of the ,till contains a small amount of volatile hydrocarbons

and is normally vented 10 atmosphere at a ,afe location. The water vapor can be condensed

in an aerial cooler and routed to the produced water treating system to eliminate any

potelltial atmospheric hydrocarbon emission The glycol1iquid in the rehoiJer is heated to

340°F to 400QF to provide the heat necessary for the still column to operate The wide

difference in the boiling points of water and glycol provide, an easy, effective separation

of the two components.

The lean (hot reconcentrated) glycol flow, from the rcboilcr through a do'Wncomer pipe

into a surge tank, which could be constructed, as an integral part of the reboiler The surge

tank must be large enough to allow for thermal e~pansion of the glycol and to allow for

reasonable time between additions of glycol. Some plants the surge tank acts as a reservoir

as wen as nomlally containing the glycol-to-glycol heal exchanger. In order to obtain

higher glycol concentration a stripping gas stream of 1.3 scflgaL of TEG is introduced

into the regenerator surge section to flow counlerCl1!Tem through the packed section

between thc rcgenerator and the ,urge section The glycol pump takes suction from the

surge tank and discharges back to the contactor to complete the cycle Simplified process

flow diagram of glycol dehydration plant is shown in'Figure 4.4,

v. Sales gas handling
Gas from glycol absorber tower is supplied to sales/transmission line. Orifice meter are

adopted for the natural gas flow calculation by the three pen type mechanical recorder for

record flow ratc(different pressure), pres,ure, and temperature on the outlet line of the

plant, Flow computer also use for record of flow as wen as others sales parameters.

vi, Condensate slahilizalion (f1a~hillg alld sel'aratmgj. slol'O[t,e and hm1<lImg

Liquid from knockout separator is flashed at 35-50 psi into a three pha,e condensate flash

separator The vessel is divided into two compartments by an overflow bame. The first

compal'lment provides the required residence time for the hydrocarbon/water condensate,

Two level controllers are provided for the ves<;eLAn interface controller, which senses the

interface and controls the condensate/water interface by controlling water flow through

control valve & another controller, controls the condensate level by controlling oil flow

through control valve, The gas line from thc separator is conne<..1:edto route fuel gas to the

fuel ga' ~ystem The operating pressure of the separator i, cOlllrolled by back pressure

regulator, The water from the separator is routed to the skim-pit, Condensate from flash
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Figure 4.4: Flow Diagram of Glycol Dehydration Plant.



separator is released 10 atmospheric pressure at productlon condensate tank where

hydrocarbon condensate and water stabilize and separate into phases. Hydrocarbon

condensate accumulated in the production tank is transferred into storage tank for sale,

vii. Fuel & Il1slmmem KaI- ,Iyslem

The flashed gas from the glycol & condensate flash separator is used within the plant as

fuel & in,truments gas for proce~,es (e.g line heater, reboiler, ga~ generator, flare pilot

and domestic uses etc), During nonnal plant operation, the fuel ga~ demand is expected to

be higher than the flashed gas flow three phase separator The fucl & instrument demand

in excess off1ai>h~dgas is met by tapping the dried ga~ from sales line.

viii. Flare ,Iystem and hum-pit

Gas from preSi>urerelief devices within the plant is vented into a flare header. Flashed

gases in excess are also vented through flare header.

ix Waste wafer frealmrm

Water production from three phase condensate fla~h separator is ac<;umulate in skim-pit

Water accumlliated in production tank i, also drained into skim-pit where water is allowed

to hold for extended penod of time for further separation of suspended oil particles into

water. Finally water is drained from skim-pit to soak-pit

x. Nre Gildsafety .'yslem

The plant fire water system equipment consists of the following'

The fire oxtinj,,'uishercan be ll~ed to Ch1:inguishminor lire in the initial pcriod.

Mobile foam unit can be used to extinguish the ground-level spill fire of liquid of

flammable liquid in the area of tank yards where flammable liquid is stored. foam fire

fighting system consists of foam tank, foam proportioner, air foam chambers, foam

distribution piping and manifold.

_ Smoke detector and Heat detector are monitored by a central fire alann panel installcd in

the control room
_ The fire fighting pump "";11 be started up automatically when the fire fighting equipment

opened.

_The eleclncaljockcy pump to maintain the hydraulic pressure of the fire fighting systcm.

_ Fixed water cooling systcm consists of valves, fire water spray ring and spray nozzlcs

etc.

_ The fire hydrants to cool the tank, put Ollt firc and supply fire water to fire cnginc.
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4.2.2 Adsorption Process: Silica-Gel Deh}dratioll Plant

As an adsorption process, the e>;!ent of dew point depression is determined by inlet gas

temperature and pressure, type of adsorbent used. This dehydration process, which lower,

the water content of natural gas, W1Hprevent the formation of hydrates. A secondary

benefit, which results trom the removal of lhe free water and recover of free liquid

hydrocamon ("associated condeni>ale") are done in the inlet knock-out separators.

Removal of waler vapour and recover of vaporized hea".y hydrocarbons ("recovered

conden;ate") are done in the Adsorption towers using Someads as adsorbate in most of the

field.

'J here are eleven silica gel process plants located at different fields as shown in table 4,5.

Table 4.5 : Siliea Gel Dehydration Process Plants in Different Fields.

Name of the gas field No. of Process Plant Capacity of Plant (MM:scfd)

l3akhrabad 4 4X60

Beanibazar I 60
.Fcnchuganj I 60

Kaila<;htila I 30

Rashidpur 3 60+2X45

Sylhet I 30

Total II 570 I

General description of equipment and proce~s of a Silica Gel plant are presented in the

following sections.

4.2.2.1 Process Equipment

Generally a silica gel plant consists of the following major components/systems:

" now [//Ie and s/Jul-;n vali'e

The flowlines run of dilTerent wells from different location to the Silica Gd Unit. Shut in

valves are ball valves with spring loaded-actuators which dose incase of ESD in

flowlines. The ESD Valves are located on site on the inlet manifold skid The pressure

control valves are conventional control valves with pneumatic actuator and valve

positioner. The controllers are located in the control room paneL
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ii, Inlel water balh healer I Well stream heater

Wen stream heater is a horizontal indirect gas fired water bath heater. The gas is heated in

the internal coils. The top of bath vessel is mounted ,vilh an expansion tank. The heating

medium used is hot water. The bath vessel is insulated with a insulator slIch as glass wool.

A removable firebox consisting of burner assemblies complete with a solenOld valve,

safcly solenoid valve and a flame aTTester is connected to one end of the vessel Generally,

heat is supplied 10 the bath by means of one lire tubes alld two fllIe tubes connected to the

burners at one end and 10 s flue gas i>1ackat the other end. The natural gas tl'om inlet

header will be heated in heating gas coils, consisting of b'fOUPof coils and welded onto the

vessel and immersed in the hot water The temperature of gas is controllcd by bypassing, a

part of the gas across the heatcr via the temperature controller. The heater is equipped with

a safely shut down panel loeal 10 the heater.

The fuel supply to the healer is routed to the heater from the fuel gas scrubber, The fuel

gas i~ fillered in the fuel gas ~erubber, before pa,sing lhrough the burner control assembly

to the box, Olher instrumentation provided for the heatcr includes level, pre~sure and

temperature gaugcs at various locations, and prcssurefvacllum relief valve on thc fuel gas

line.

iii, IlIlel knock- 0111sepam/or

The Inlet Knock-out Separmor is a honwntallvertieal separator Skid mounted with all

automatic level conlrols and liquid and gas outlet piping, Thc heated gas from the inlet

water bath flows into the inlel separator, This vessel contains a vane typc demister at the

top, 'Which removes any entrained liquid Condensate collected in this vessel is drained

through level control "alve, and senl to the heavy condensate three phase scparator, and

the water to the condensate/water separator,

iv. First ..-Iage,'en/Mer

The first stage sembber is a vertical gasfliquid separator to remove liquid ponion from wet

gas stream

v IlIletfiltl.'r separator

The entrainment separator is a horizontal filter separator with removable internal filler

elements to remove any vapour which might cany over from first stage scrubber. The type

of two section filter separators ha; a high efficiency since it uses filter elements (tubular
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cartridges) in the first section and a vane mist extractor pack or in alternative a wire Ill;,!

eliminator in the second section The gas stream enters the inlet nozzle and passes through

the filler section where solid particles are filtered and liquid particles are coalesced into

large droplets. The major quantity of these droplets is conected in the first stage of the

sump. The remaining droplets pass throLlgh the tubes and are entrained in the scwnd

section oflhe separator, where a fine mist extraction elemenl removes these still entrained

coalesced droplets from the gas stream, These droplets are then colloxled in the second

stage of the sump The different levels of condensate in the sump are controlled by control

valve in the separator's liquid oullet Iinc. The liquid outlet connects with the condensate

line from inlet separator into the heavy condensate three phase separator.

The filter separator is designed to remove liquid particles down to 5-micron size A high

pressure drops of about 0,2 harg or more would indicate the elements are clogged and

need replacement. Separator drain lines are provided from the first and second stage sump

connected to the oil/water separator,

vi Des;ccull//()wers
The desiccant towers are vertical vessels containing desiccant material, supported on

ceramic balls., supported in turn by a grid plate bolted onto supported beams. An inlet gas

distributor is provided at the tower top to introduce the gas radially at a lower velocity. A

layer of ceramic balls is provided at the top of the desiccant bed. Tbe desiccam tower has

internal insulation ",.;th centrifugal glass wool contained in a stainless steel shell.

Manways arc provided for filing and cleaning out purpose, Generally, the desiccant shall

be Jain two layers, the super stratum is "Sorbead WS" silica-gel, whicb i, mostly, adsorb

water, subslfate be "Sorbead H". The layer is detached by a separated screen Depending

on the operating mode, a tower will receive eitber the feed gas., regeneration gas or cooling

gas, Operating cycle time is controlled by PLC The plant is designed for water removal as

well as hydrocarbon recovery. When wet inlet gas flows downward through the desiccant

bed, all adsorb able components are adsorbed at different rates. Water is always adsorbed

rapidly by the top layer of the bed and tbe remaining natural gas components are adsorbed

in lower lavers in different zones The zones travel downwards and the break through of

each component occurs at a different time, The adsorption cycle time is decided based on

the optimum hydrocarbon cut that is desired to be achieved. For the Silica gel Type gas

process plant the cycle time considered in the design is 30 minutes (For the design flow

rate), but can be adjusted.
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The process plant is designed to achieve an outlet hydrocarbon dew point of -lSoC with

the normal operating conditions The water content in the outlet gas is designed to be less

than 7 IbsJMMSCF at normal conditions.

A pressure drop of about 1 5 bar will take place across the desiccant bed during the normal

desiccant life. As the de<;;ccant ages, the pressure drop will increase due to the gradual

breakage of the desiccant. Abnormal increases in the pressure drop would indicate a high

degree of breakage.

vii. Sll'il"hill~ mfw skid assembly

This skid holds all piping manifolds and switching valves needed to direct the different

types of gas through the dry desiccant towers.

viii Sales gasjifTer

The dry gas !Tom the desiccant tower in the drying mode flows to the sales gas filter The

filler is de,igned to remove solid particles of sizes down to 5 micron size, the high

pressure drop aerOR, the filtering elements indicates a build up of impurities and the

elements would need 10 be replaced.

ix MeI"rinK station

Orifice plate together \Vlth differential pressure transmitter is generally used for the natural

gas tlow rate measure, Generally, Daniel type ori!1ee meter arc adopted for the natural gas

totalizer on the inlet line and the flow computer on the outlet line of the plant. The Rales

gas production from the plant, is metered through 2 X 100% (duty and standby) custody

tran,fer orifice meter runs, and rlXorded by flow recorder with pressure and temperature

compensation. Each gas meter run is provided with a orifice fitting capable of OIifice-

plate change-over while in service The flow Control Valve is a butterfly valve,

controlling the silica gel units through put

Electronic flow meter is adopted for the local display and totalizing of the fuel gas and

instrument gas, Three pen type (Mechanical recorder) usc also for record now mte

(different pressure), pressure, and temperature. Mechanical lype oval gear flow meter-a

kind of PO meter, are used for the local totalizing of the condensate from tank to loading

area
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x. lIegcllerali()/I gas heater

The regeneration ga> heater is a horizontal oil bath type heater, indirect gas fired The lOp

of bath vessel is mounted with an e"pansion lank. The lleal transfer medium is thermal

oil, a proprietary heal transfer fll.lid The gas flows through removable V-tuhe bundles,

which are submerged in the hot oiL The local panel provides burner management and

safety The hath vessel is insulated with a glass fiber layer A removable fire bux burner

consi~ting of two burner assemblies complete with a two stage solenoid valve, safety

solenoid valve and a flame arrestor is connected to one end of the vesseL Heat is supplied

to the bath hy means oftwo fire lubes connected to the burners at one end and to a flue gas

,tack at the other end, The regeneratIon gas heating is carried out in a heating gas bundle,

con~isting of coil, wclded onto the bath vessel and immersed in the hot oil, The

temperature of gas is controlled by bypassing, a part of the gas across the heater via the

temperature controller.

The fuel supply to the heater is routed to the heater fi-om the fuel gas drum The fuel gas is

filtered in the fuel gas scrubber, before pa~sing throLlgh the burner control aSi>emblyto the

firebox,

The heater start up, shut down and controls are by means of a burner management system.

Refore ignition of the burners, the upstream line must he kept in straightway The heater

control panel is loeated at the edge of the heater, Other instrumentation provided 1'01'the

heater includes level, pressure and temperature gauges at various locations, and

pressure/vacuum relief valve on the fuel ga~ line and the expansion vesseL

xi Gm-xm e:!Cchu/lxer

The gas/gas exchanger is a ,hell and tube heat exchanger with "U" type removable bundle,

The regener31ion ga~!eooling gas exchanger preheats the feed gas to tbe regeneration gas

heater with either the hot cooling gas (during the initial ~lages of each operating cycle) or

Wltb the hot regeneration ga~ (duting the final stages of operating cycle), The cool feed

gas flow; in the ll1he side of the exchanger, while the hot regeneration gas Icooling gas

flows in (he shell side The switching of the shell side fluid from the cooling gas to the

regeneration gas is by means of the PLC, with the switching point being detennined by

temperature detection of the warm cooling gas from desiccant tower.
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xii. HeKel/eral!oll gas cooler

The Regeneration gas cooler~ are forced draft coolers ""ith electric motor driven tan and

finned tubes Qlle unit is stand by. This cooler further cools the wet gas from the

regeneration gas/cooling gas exchanger on regenerating cycle Jine. From the cooler gas,

some gas condensed is routed to the regeneration gas separator. The air cooler consists of

a single tube bundle Each fan is located below or top the tune bundle, to provide the

cooling air 110wrequired for the exchanger. The air coolers are protected from vibration

cutout switches,

xiii. Cooling gas cooler

The Cooling Gas Coolers are forced draft coolers with electric molor driven fans and

finned tube bundles. One unit is standby This cooler further cool, the warm cooling gas

from the regeneration gas/cooling gas exchanger on cooling cycle line From the cooler

gas is routed to the sale~ gas filter. The all' cooler consists of a single tube bundle Each

fan are located below or top the tunc bundle, to provide the cooling air flow required for

the exchanger. The air coolers arc protected from vibration cutout switches

xiv RCf?,eneralion gas '''paratnr / SCnllJlJer

The regeneration gas scrubber is a 2 phase separator The cooled regeneration gas from the

regeneration gas coolcr flows to the regeneration gas separator, a vertical vessel provided

with an anglc vane type demister to remove entrained liquids. The condensate collected in

the vessel is removed through level control valve, and sen! to the light condensate three

phase separator

xv. Hem}' amdensale Ihl'ce phase sepamlor

The separator is a horizontal, 3 phase low pressurc scparator. The ves,el is divided into

two compartments by an overflow baffle. The first compartmenl provides the required

residence time for the hydrocarbon/water condensate Two level controllcrs are provided

for the c{)ndensale/water intcrface leyel and the condensate level An interface controller,

which senses and controls the condensale/water interface by controlling waler flow

through control valve The gas line from the separator is eonnectcd downstream of

pressure control valve to route fuel gas to the fucl gas system, The condensate from the

separator is rouled 10 lhe condensate storage tank and the water to the oiVwater separator.
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xvi. Ughl (vndf!ll-\ule Ihree phase Sep"f(I/()r

The separator Ii>a horizontal, 3 phase low pressure separator. The vessel is divided into

two cumparlments by all overflow bame. The first cumpartment provides Ihe required

residence time for the hydrocarbon/waler condensate, Two level controllers arc provided

for the ve~sel An interface controller, which senses the intelfacc and controls the

condensate/wmcr interface by controlling water flow through control valve & another

controller, controls the condensate level by controlling oill1ow through control valve The

gas line from the separator is connected downstream of pressure control valve to rOl.ltefuel

gas to the fuel gas system. The operating pre,sure of the separator is controlled by these

PC\'. The condensate from the separator is routed to the condensate storage tank and the

water to the oil/water separator,

xvii. Condemale slofORe l(II1k

The associated condensate storage tank is a cone roof tank. The tank is provided with

flame arrester, utility connection, and a foam chamber for fire fighting. Instrumentation for

the tank consists ofa level gauge and sample connections,

xviii, Condensale transfer /",mp

Condensate is transferred from the condensate storage tanks to platform by mcans of

condensate transfer pump The pumps are provided with suction SImmerS, on/otT

indication and handle switch

IXX. Process III/iii!)' fuel lias drum

The file! gas knock-out pot is a vertical vessel with a design pressure of 8-]0 barg at 70

deg,C. Nominal operating pressure is 6 barg at an expected temperature of 9,8 deg,C. Gas

fi'om the hca\y and light condensate three phase separators flows into the pots During

normal plant operatioll, the fuel gas demand is expected to be higher than the gas flow

iTom heavy & light three phase separator. The shortfall is made-up by the letting down

sale~ gas into the fuel gas drum by the pressure control valve and regulator from the

knock-out pot, the fuel gas is routed to the various user points, e.g the heater and power

generator.
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xx, Flare knock 0111drum

The flare k 0 drum is a horizontal/vertical vessel with a design pressure of 10-12 barg at

70 dcg.C. Nominal operating pressure is 0 5 barg at an expected temperature of 40 deg,C.

Gas from fuel gas drum & hea\')' & hght three phase separator flows into the L P flare

header. Ga~ from dcsicca~t tower!>, inlet separator & inlet header flows into the H,P,f1are

header. The two flare headers mix and then flow into this drl.lm.

xxi, Oil Iwata separutol'

The oily waler from the flash separation of process ,1rearn, is separated in the oil/water

separator to bring down [he oil content in waler to less 20 ppm before the waler is

discharged out of the uni\. The oil/water separator is a proprietary design unit containing

oil-contaminated wastewater pond, ~nerg) elimination pond, etc, in package oil-

contaminated waSlewater treatment and recovery oil tank. The oil water from the process

plant Ii!';:!goes from wastewater pond to energy c1imillation pund by lwo oily water pumps

and then flow to oil-contamillated wastewater treatment by gravity, The integral oil

compartment is flow to the re~overy oil tank by recovery pump, The treated water from

the separator flows to underground. The wasted oil in the recovery oil lank can be

collected intu barrel by hand

xxii. Power gelleration .'y,,'lem

The power requirements of the facility will be mel by three gas generators (une in

operation, one on sland-by and the other one assumed 10 be under maintenance) Po"er

Factor Improvement Capacitors are provided 10 maintain a power factor of 0.85

xxiii. IIIslrumenl wr .Iys/em equipment

Compressed air for instrumentation is Sllpplied by an air compreswr package consisting of

two air compressors Each conlpressor i, e<'I'.Iippedwith an air cooled after cooler. The

"onnal mode of operation for the compressors is to have one :.eleeted to operate in running

and the other on stand by mode. Operation is controlled by pressllre swilches located on

the air receivcr through a lucal control paneL The air compressor control system includes

such flowing Pressure switches functions, Air lS discharged from the compressors via the

air drying sySlem to thc air receiver. The air drying system consists of pre-filters, heatless

type desiccant drying towers and after-filters,
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xxiv, COlltro! system
The whole plant control system, which located in wntrol room consists offour instrument

pane!, with mimic board and panel mOllnted instrument, PLC system together with

accessories mounted in cabinel, and 1IMI station, for seql.lcnce control, interlock logic,

ESD and tank volume compensation.

xxv Fiefd insln/menl

Field instrument are installed In the field for measuring process data. All electronic

instrument and wiring arc suitable for use in the relevant hazardous area classification,

generally designed as intrinsically safely type and explosion proof type, if it is not

available.

xxvi. Safety eq"'pmenl,{. gas deleetion ,;y.wem

Other safety equipment located in [he control room is:

- COl extinguisher

_ Manually raise the ala,m from control room or from field by breaking Manual

Call Point (BGU)

_ Smoke detector and Heat detectur

Manual pu,h buttons strategically installed around the areas within the plant B.L. Totally

nine ,ensors are strategically located an over the plant in order to gllarantee a prompt

detection of any possible leakage of natural gas from the process, The detectors are

monitored by a central fire alarm panel in:;talled in the control room. The panel is set up

on a zonal ba~is to clearly show the status and location of the alarm,

Monitoring system i; conventional panel in control room ",ith alanning ~ignal to alert

operating personncl of any dangerous .~itlIationreached in identified area,

xxvii. Fin.fiKhtiny, ,'ysl"m equipmem

The plant fire water system equipment consists of the following:

_ The fire fighting pLlnlp located in the pump shed near the fire water reservoir. If a fire

does occur on the plant, the pump ",ill be started up aLltomatieally when the fire fighting

eqnipment opened.

_ The electrical jockey pump located in parallel wilh the fire fighting pump, Tt worked to

maintain the hydraulic pre<;sure of the fire fighting system daily.
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_ Fixed water cooling system consiS15of valves, fire water spray ling and spray n07.zles

etc.

• Fuam lire fighting system, which is fixed type, consists of foam lank, foam proportioner,

air foam chambers, foam distribution piping and manifold.

_ The fire hydrants which are connected to the tire waler main ellll be used to cool1he lank,

pU! out fire and supply fire water to fire engine.

Mobile loam unit can be used 10 extinguish the ground-level spill fire of liquid of

flammable liquid in the arca of tank yards where flammable liquid is stored

The fire extinguisher can be llsed to extinguish minor fire in the initial period.

xxviii, pfanl shu/dowlI S)'srems

The entire plant has two levels shutdown system (being WSD-wel1 shutdown and BSD-

emergency shutdown) that block in the produced fluid feed entering the plants Push

button for initiating an ESD are provided in the control room Emergency shutdown valves

to block-in the unit are also provided along with a dcpressurillg valve 'With restrictioll

orifice to limit the depressuring rate to 100 psi/min. to avoid damage to the Sorbeads.

ix'1<-X Reliefwdw.,

Safety valves for protection of the vessel:; from over pressure, fire etc are din:cted to flare.

Relief valves are provided in the plant at various locations to ,afely relieve high pressures.

A full capacity relief valve to cater to the blocked Olltlet condition is provided for the line

and inlet separator The sel pressure ofPSV valve; "finlet separator is 1 barg lower than

that of Olher middle pressure system PSV valve. External fire under blocked in conditions

is considered in the design of all the separators and towers and the fLIelgas drum scrubber

relief valves. The outlet of inlet filter separator & sales gas filter PSV valves are focused

into the flare header.

The major equipments/eomponents described in above are nol installed in every silica gel

dehydration process planl Moreover, same equipment of different types is installed in

different plants Pressure reduction unit, inlet filter separator, desiccant tower,

Regeneration gas heater/cooler/scrubber, cooling gas cooler, condensate three phase

separator, sales line scrubber, recording system, luel gas & instrument air system, flare &

bum pit, waste water system etc are similar type installed in every plant in Bangladesh.
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4.2.2.2 Proel's> description

Silica gel lype gas process plant adopts wlid desiccants., three towers process to dehydrate

and recover all economical possible condensate from natural gas, The plant and associated

facilities processes the natural gas from wells

The following is a bnef description oflhe Hydrocarbon Desiccant & recavery plan!. Block

Diagram figure 4 5 provides supplementary information to these descriptions. The process

planl may be visualized, for convenience and consists ofthe following sections.

i FirM' Imesfirsl .,(age pressure red/Ie/ion

The inlet gas is drawn trom wells are passing along the flow-lines, the gas flows via .ESO

valves. Flow rate, pressure and temperature of each well are monitored and controlled in

the control room. The silica gel type gas process manifold is designed to operate at an inlet

pressure of about 85 barg at the plant limit If the pressure exceeds this value, the gas

stream after flashing across the inlet pressure controller may cool down to a level lower

than the acceptable hydrate limits, especially during the winter months due to low reed gas

tempentture,

ii. Well slream healiuK

The inlet water bath heater always keeps the waler temperature above 50-90°(, the gas

stream across the inlet water bath could be above the hydrate limit all time. To prevent the

formation of hydrate, inlet water balh heater is provided in the down stream of the plant

inlet header, The hydrate temperature at the nominal manifold operating pressure of 85

barg is approximately 17° C and allowing a suitable margin needs to be maimained at a

minimum of 25°C. Afier being heated to the required temperature, the gas Oows back to

the manifold. The gas pressure is then re(luced to 85 barg through the pressure reduction

valvcs Because the pressure ofthe gas in the three llliet KO Separators is higher than that

in the production manifold, the gas must be throttled This is achieved in the flow control

valves for three KO separators

iii. Well stream separalirm

Inlet separator is located dOVlfl1streamof pressure reduction valves to remove liquids from

the incoming gas stream. The temperature of the inlet gas on arrival at the plant site is

between 25 and 45"C. but could, possibly be as low as 4°C in mid winter.
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The gas ITomthe inlet separator then flows to the inlet filter separator. Filter Separator 10

remove any solids and entrained liquids particularly water which can affecl the silica gel

desiccant performance.

The liquid from the Inlet Separator and the Inlet Filler Separator then passes to the plant

associate I heavv condensate separator.

IV, Gasdehydralioll

The three desiccant towers operate in different modes at any given time Thus, while first

tower is in the drying mode, the second is in the regeneration mode and the third is in the

cooling mode. The operating mode for the towers changes wilh an approximate 1/2 hOLlf

interval cycle.

The optimum switch time of desiccant lowers shall theoretically selected to en,ure fully

regeneration of reg on tower and cooling down of cooling towcr. The outlet temperature of

regen. lower is recommended by vender around 250QC-260°C and thaI of cooling tower be

around 30°C

At the beginning of each cycle the tower in live drying mode in the previous cycle changes

to regeneration mode, the lower in the regeneration mode to cooling mode and thc tower

in the cooling mode to drying mode. The operating mode switch-over of the towers is

controlled by a timer-activated automatic sequential control system programmed in a PLC,

and sct nominally at 30-minules,

The filtered gas is routed to the desiccant lowers and enters the tower in thc drying mode

from the top The towers contain a bed of silica gel based desiccant and, while pas~ing

through the bed, the water and C5 - plus the heavier hydrocarbon components present in

the gas stream gel adsorbed onto the desiccant. The contact with the desiccant bed renders

the gas stream sufficiently dry to meet the dew point specifications (both water and

hydrocarbon) required for the pipe line quality, The dried gas flows Ol.ltfrom the bollom of

the tower and is routed to the dust gas filter Basic flow sequence diagram of desiccant

tower is shown in Figure 4.6,
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u. _
••••••••••••

~. CooliDll Flo'l\"Sequence (Ad.orption)

•••
"" --

b. Cooling Hellting Flow Sequence (Adsorption)

Figure -1.6 , Ba.ic Flow Sequence in Adsorption Proces •.
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v Regel1eralion gas treatment

The lower in the regeneration mode undergoe, heating of the desiccant bed with hot

regeneration gas This gas is a side stream of approx 30"10 oflhe feed gas to the desiccant

towers and healed in the regeneration gas heater to about 250°C The hot gas, while

pas,ing over the desiccant bed, vaporizes the adsorbed water and hydrocarbons from the

bed From the tower, the regeneration gas flows through the following exchangers in series

to cool it down to about 45°C'

Firstly, it passes through the shell side of the gas-gas exchanger where heat IS

exchanged with the cold regeneration gas en route to the regeneration gas heater

During the initial stages oflhe cycle, when the regeneration gas exiting the tower is

at a low temperature, the stream bypas>e~ this exchanger Then, it flows through the

regeneration gas cooler

At a temperature of approximately 45"C, most of the water and hydrocarbon (evaporated

V'j ITom the desiccant bed in the regeneration part of the ,-)'c1e) condense out and are

\h separated from the gas stream in the Regeneration Gas Scparators and then blended back

~ with the main raw process ga, ITomthe Filter Separator.

~
VI. Cooling xus Irealme!11

At the end of the regeneration cycle, the desiccallt bed regains its original capacity to

adsorb water and hydrocarbons. However, before it is ready for this., it has to be cooled

down approximately 10 the feed gas temperature This is achievcd during the cooling cycle

using the standard tail gas cooling confib'Uration described below-

From the outlet of thc desiccant tower in the drying mode, a side stream (approx, 30%) 1~

withdrawn and passed over the desiccant in the cooling mode, After leaving the tower ill

the desiccant mode, the hot cooling gas flows through the following exchangers in serics

0001it down to about 500C.

Firstly, it flows through the shen ,side of the gas-gas exchanger, where heat is exchanged

with the cold regcneration gas to the regeneration gas heatcr

During the later stages of the cooling cycle - when temperature of the cooling gas exiting

the tower is low, stream by passes thi, exChanger
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After cooling, the gas stream ;s blended with the main stream exiting the desiccant tower

in drying mode and passes on to the dust filter.

VII, Sales gas melerinR (md export

The dried gas /Tom the outlel of the desiccant lower in the drying mode is filtered in the

dust filter/filter separator for removal of desiccant dust and fiscally metered before

flowing oul uflhe plant into the existing sales gas pipeline.

~ii;,Condensale slabi!r:"lmll, .\forage and h,mdlillR

The hydrocarb<m condens3Ic is recovered in the plant from the following two

source~:

-Upstream orlhe desiccant towers at the inlet knock out separators

-Inlet separator and

-Filler separators

-Regeneration gas separators.

The Condensate from the first sources contains comparatively heavier components and is

therefore termed the 'Heavy Condensate' to distinguish it ITom the 'Light Condensate' from

the second !\Ource. The two sources are processed and handled separately as described

below-

The heavy condensate ITom the inlet knock out separators, inlet separators and filter

separators is sent to the Associate Condensate Separator, designed for three-phase

separation and operating at a pressure of 6 harg Due to the lower pressure, some of the

lighter components flash ofT and pass to the fuel gas system. Of the residlJal liquids, the

condensate passes to the Associated Condensate Production tank and the water is routed to

the OillWater Separator, From the Associated Condensate Productiun Tank, the heavy

condensate passes to the Associated Conden->ate Storage tank for loading onto tankers

The light condensate from Regeneration Gas Separator is treated in a similar manner in

another three-phase separator, the Recovered Condensate Separator then flows to the

Recovered Condensate Production tank and the wastewater to the oil water separator

From the recovered condensate production tank, the light condensate passes to the

Recovered Condensate Storage Tank. The condensate is exported by the condensate

transfer pumps and two !;CIS of loading facilities to road tanker It is possible for each

pump to transfer condensate from both separate tanks to both loading anns
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The process wastewater generated in the plant is routed to OilfWatcr Separator, This

separator is used to remove any entrained condensate from the associated water streams

drai~ing from the plant. It is designed to meet the required effluent discharge <;pecification.

The wastewater separated from the separator is then discharged directly to the

underground.

The condensate rising to surface of water is removed in the skimmed oil sumps and then

transferred by means of the skimmed oil pumps back to Condense Storage Tank.

ix. Hare syslem
Gaoos from pressure relief device within the plant arc collected into a flare header and then

routed to the flare system comprising the flare k.o. drum and other required facilities.

X, Wasle ••.aler ~yslem

The process wastewater generated in the plant is routed to OillWater Separator. This is

used to remove any entraincd condensate from thc associated water streams draining from

the plant. It is designed to meet the reql.lired effluent discharge specif1cation. Thc

wastewater separated from the separator is thcn discharged directly to the underground,

The condensate rising to surface of water is removed in the skimmed oil sumps and then

transterred hy means of the skimmed oil pumps back to Associated CDndense Production

Tank

xi. Fuel W'S ,'yslem
The gases lIashed Dff from the heavy and light three phase separators are used as fuel gas

within the plant (power Generators, heaten; etc.). Any shortfall in the fuel gas requirement

is made up with dry product gas downstream of Dust l'illcr, The utility fuel gas enters thc

utility fuel drum I knock-out pots for the removal of the entrained liquid before distribl.lted

tD the various utility fllel gas users,

xii !nslmffl"nl air .'yslem

The instrument air requirements of the plant are provided by two instrument air

compressor packages each consisting Df a compressor, a filter and dryer with one in

operation and the other on stand-by.



xiii, Power generation

The power requirements of the facility will be met by three gas generators (one In

operation, one on stand-by and the other one assumed to be under maintenance)

xiv Conlrol pallel

The Control Panel in the control room di~plays virtually all vital operating parameters

either on indicators or on recorders, Status of alarms (annunciation) is also shown In

principle the operator can control the plant from the control panel. It is however important

that the operator makes physical checks on the equipment in the plant to e~sure its safe

and proper operation.

The Control Panel is a free standing steel structure which eo~tains all electronic control

circuitry and interlocking systems of the plant, both for the glycol dehydration unit and for

the silica gel unit,

I:J Controls' An overall mimic diagram depicts the flow scheme of the silica gel unit

from the wells The two major process parameters are gas pressure and gas flow

rate Thcse arc controlled !Tomthe panel by means of electronic controllers

Prcssure is controlled by controller and corresponding flow controllers, each

controlling the individual well productions in a fixed presct (by operator) flow-

ratio.

The pipeline pressure controller overrides the flow controller in case of high

pipeline preSSlire.

Q Records' The Gas moisture content, density, the gas flow, pres,ure and

temperature are recorded, parallel to the flow computer The recorder is duplicated

for the two meter runs. The recorded flow shows compensated flow (P and T) and

a signal is available for future transmission to SCADA Thesc recorders are in the

control panel.

The adsorber tower outlet temperatures are recorded. The pattern of the

temperature gives a good indication of the cyclic operation of each of the three

towers
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The blow down valve may be opened by pushing the bullon on the control panel to

blow dOVlfllthe plant.

I:J Annunciator Panel: The annunciator panel provides, alann indication for the Silica

Gel Unit and its ancillaries. In case of an alann the respective window will light,

flashing. The operator shall acknowledge by pushing the "acknowledge" button,

the window light" will then be permanent. The "mute" button stops the horn.

When the problem is solved, pressing "reset" switches affthe window light.

Pressure & Temperature indicators are electronic indicators giving process

parameters for the operator's information.

The quantity of condensate stored in each uflhe tanks is displayed on the panel as

percentage orihe total tank capacity.

o Flow Computers: Two flow computers are connected to the two meter runs .Each

computer calculates the flows compew.ated for pressllre, temperature and density

and indicates following:

-The rate of uncompensated flow. (MMscfd)

-The integrated running total (Mscfd)

-The lotal for the last 24 hours period, the last 7 day period, [he last 28 day

period and the last 3/6 and 12 months, (MMscf)

xv. Fire and ga\' deleclioll pallel

This panel consist~ of the following items:-

I:l Analyzers Panel.

I:l ESD Panel: The position of shutdown valves is sho\Vll in mimic panel. The ESD

functions arc displayed on the annunciator panel. ESD is reset at the annunciator

panel.

a Printer

a Maintenance Overridden Switches: The panc1 inc1udes hand switches to operate

automatic valves Also a set of hand and key-switches i~inc111dedto override

shutdown functions in case of start up.
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4.2.3 ww-Temperature Extraction Type Plant (LTX)

A low-temperature extraction (LTX) type process plant installed at Meglma field. Two

similar train of I,TX unit was installed each capacity 20 MMscfd The LTX system

efficiently handles high-pressure gas at the wellhead, separating condensable liquid

hydrocarbons ITom it at a temperature below its hydrate point. This process recovers more

valuable liquids than conventional separation methods.

Separation of hydrocarbon liquids and water from gas stream 15 done by allowing

expansion cooling of the gas stream through a choke, 10 a temperature well below a

hydrate condition (sub-hydrate operating condition) Expansion oflhe gas stream results in

the sudden drop in pressure and that results in drooping down the temperature of the ga,

stream according to Joule- Thomson expansion cooling effect of gas.

Description of process ofT,TX plant is presented in the following section"

4.2.3.1 Process Description

Two Low "]empcrature Extraction Plant involve in for processing of gas on Meghna Gas

Field shown i~ Figure 4,7, The capacity of each plant 40 MMscfd, The low-temperature

extraction type process plant includes the following operationslequipments:

fnlet water bath h""ler

The gas stream of wellhead pressure reduces by pev and gas stream may coni dnwn tn a

level lower than the acceptable hydrate limits, especially during the willter mo~ths, The

inlet water bath heater always keeps the water temperature above 50_90°C. the gas stream

across the irilet water bath c{)uld be above the hydratc limit all time. To prevent the

formatioll of hydrate. inlet water bath heatcr is provided in the down stream of the plant

inlet header After being heated to the required temperature, the gas flows back to thc

manifold. The gas pressurc is then reduced through the pressure reduction valves ln

practically, water bath heater i, not required in operation due to high wellhead temperature

aller choke mllflifold of wellhead
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ii. l/Jw tempera/ure extraelion unit

The hot gas stream enters a coil in the hallom of the low-temperature separator at a

temperature of 1200 or greater. The inlet gas is cooled to just above lhe hydrate formation

temperature with the OLitle!coming off the low temperature separator to assure the lowest

possible temperature when it enters the vessel after the choke. Thi, choke is ffiOlmted in

the vessel itself. Refrigeration is achieved at Ihe expansion choke by press..,re reduction.

The inlet temperature is held as closc1bclow to the hydrate formation temperature as

possible by lhe temperature controller to ensure maximum separation by maximum

temperature reduction. Hydrate formation temperature of lypical natural gas is 60 OF at

pressure 1000 psi. Hydrates form, but they fall into the bOllom of the separator and are

melted by the heating coil Liquid (hydrocarbon & water) in the gas stream is condensed at

low temperature into LTX scparator. The gas, condensate, and free water are then

discharged from the vessel through backpres~ure and liquid dump valves, The gas leaving

the separator is saturated with water vapor at the temperature and pres~ure of the low

temperature separator, lf this tempcrature is low enough, the gas may be sufficiently

dehydrated to meet sales specifications. If the flowing temperature of the raw gas stream

remains high enough to maintain the temperature of warm flow section of LTS separator

then line heater i~ not required. The long travel of the liquid hydrocarbons in the LTX

separator, plus the warming effect hy virtue of the distillate sump being immersed in the

wann water bath, allow the distillate to reach a considerable degree of stabilization beforc

going to the low pressure separator (flash separator), The heavier components, which are

driven out of the liquid as a re~ult of this temperature increase, are retumed to the liquid as

a res(llt of this temperature increase, are retLlmed to the liquid stream having been

condensed by the cold gas stream, Proce~s flow diagram of LTX process is shown in

Figure 4.8,

iii, HP liquid knock-out ,epara/or

The high pressure liquid knockout separator separates aU liquid (hydrocarbon & water)

from ,vell stream. A liquid level controUer operates a dump-valve that releases the fluid

into the warm flow section of thc low-temperature separator. The free water othcrwise

would lTecze in the choke of the low-temperature separator as the expanding gas drops the

temperature below the hydrate point l.iquid hydrocarbons passing the choke do not

contribute to the adiahatic expansion and only give (lP heat, thus decreasing the net

refrigeration effect of the expanding gas
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iv. Ga.\-[<Q,I'heal exchangil/l?

The gas.gas heat exchanger cools warm high-pressure rich ga; down stream of the

knockout separator utilizing the effluent cold lean gas from the low-temperature separator

as the coolant. A three-way heat exchanger by-pass valve located in the cold gas outlet

piping accomplishes the proper degree of cooling A temperature controller with its

sensing clement upstream of the expall5ion choke aduales the valve.

v Sales ).;l1I handlillX

Cold gas leaves the LTX separator and flows either into, or through, a by-pass around the

gas-gas heal exchanger The volume of gas passed through the heat exchanger i,

determined by the three-way proportioning valve, which in turn is controlled by the

temperature controller. The surplus cold gas not required for cooling the high preSSlIre

mainstream, is diverted throllgh the by-pass and combined at thc three-way valve with the

gas used for cooling and finally transmitted to sales line.

vi. Condensale j1mh separalor

Liquid from LTX separator is flashed at 30-50 psi into a flash separator. The low-

temperature separator acts as a cold feed condensate stabili7.er. A natural cold reflux action

exits between the rising warmed gases liberated from the liql.lidphase and cold condensed

liquid falling from the stream inlet. The lighter hydrocarbons rejoin the departing gas

slream and the heavier components recondense and arc drawn from the vessel as a slable

stock tank prodllct The colder the temperature of the gas entering the separator

downstream oflhc choke, the more inlemlediate hydrocarbons will be recovered as liquid

vii. Condensf/le slorage and handli/lR

Liquid from flash separator is released to atmospheric pressure at condensate production

lank where hydrocarbon condensate and water stabilize and separate into phases

Hydrocarbon condensate accumulate in the production tank is transferred inlO storage lank

for sale or further treatment.

viii. Fuel gas syslem

The flashed gas from the flash separator is llSedwithin the plant as fuel for proces~es (e.g.

line heater, rehoiler, electric generator, flare pilot, instrument gas etc,) and domestic uses.

The fuel gas demand in excess offlashed gas is met by tapping the dried gas,
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;x Flare .I)'.\/em and hum-pit

Venting of gas from pressure relief devices within [he plant i, done into a flare header.

Flashed gas in excess is also vented through the nare header.

x Waste )wller rreatmenl

Water accumulated in production tank is drained into skim-pit where water is allowed 10

hold for extended period of time ror further :.eparalion of suspended oil particles into

water. Finally water is drained frum skim-pit to i>oak-pit

4,2.4 Low-Temperature Separation (without Glycol Injection) P1anl

Only four Low-Temperature Separation (LTS) without glycol injection type process plant

installed in Banglade;h, In Titas field at location 3, TT-9 & ]0 go through LTS process

trains (Plant 9 & 10) and at location 5, T1' -13 & 14 each go through two newly installed

LTS process trains (Plant 11 & 12) Design capacity of each gas processing train/plant is

60 MMscfd. The outlet dry gas of plant 9, 10, II & 12 are common facilities for sales gas

measurement and transmission and condensate streams are piped to the common facilities

at Location I storage, transport or further processing

The principle ofLTS plant is same as LTX process shown in Figure 4.9. For no use of

hydrate inhibitor allows a high pressure well stream to be cooled above the hydrate

temperature ahead of the choke so that low temperature can be obtained General

description ofthe process ofthose LTS plant is given in below:

4.2.4.1 Process description

The low-temperature separation without glycol injection type process plant includes the

following operations! equipment:

L 1"let gas cooler

Gas stream from the TT- 9, 10, 13 & 14 well is passed through a well stream cooler. After

cooling some liquid (hydrocarbon & water) is fonned into the main stream After cooler a

by-pass the hot gas stream enters a coil in the boltom ufthe low-temperature separator at a

temperature of 1200 or greater. The inlet gas is cooled to just above the hydrate fonnation

temperature with the outlet coming off the low temperature separator to assure the lowest

possible temperature when it enters the vessel after the choke
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ii, Uquid knockout s~f'aralor
T.iquid formed intu the well stream after cooler is separated in the inlet knock-out

separator. In the knock-out scparator condensate and water is separated in separate

chambers. A liquid level controller operates a dllmp~valvc that releases the condens3Ic

!i'om the separator into the liquid phase in lhe LTS separator. Water fi'om the separator is

controlled by a level COnlroJarrangement and is sent to skim-pit.

iii Low IcmJ"!ralure separator

The low-temperature separator acts as a cold feed condensate stabilizer, A natural cold

reflux action exits hetwecn the rising wanned gases liberated from the liquid phase and

cold condensed liquid falling from the stream inlet. The lighter hydrocarbons rejoin the

departing ga~ stream and the heavier components recondense and are drawn from the

vessel as a stable stock tank product Thc gas, condensate, and frcc water are then

di~charged from the vessel lhrough backpres>ure and liquid dump valves. The gas leaving

the separator is saturated wilh water vapor at the temperature and pressure of the low

temperature separator. If this temperature is low enough, the gas may be sufficiently

dehydrated to meel sales specifications.

iv Gas-gas heal exchanger

For further cooling the gas stream /Tom Liquid Knock-Out Separator is passed through the

Gas-Gas Heat Exchanger, whieh cools warm high-pressure rich gas down stream of the

knockout separator utilizing the effluent c-old lean gas from lhe L1'5 as the coolant A

three-way heat exchanger by-pass valve located in the cold .'la, outlel piping accomplishes

the proper degree of cooling. By sensi~g the temperature of upstream of expansion choke

the temperalure controller actuate this valve

v. Gm-cOllde""ale heal exchanger

The gas stream from Gas-Gas Heat Exchanger is further passed through a Ga~Condensate

Heat Exchanger 10 raise the temperature of gas before sales metering. In the Gas-

Condensate Heat Exchanger condensate (Temp 800 F) comes from LTS unit and raises the

temperature of gas stream (Temp 40" F) Process flow diagram is shown in Figure 4.10.
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vi })£pallSion ch"killf;

The choke is mounted in the LTS vesseL After glycol injection the gas is then passed

through the pressure control valve, where the pressure is reduced and automatic

refrigeration is achieved below 40" F due to expansion cooling (Joule- Thomson e!l'ect)

afier pressure reduction. Due 10 this extreme low temperature of gas ,tream liquid

(hydrocarbon + water) i> formed and ,eparaled in the LTS separator. The gas from LIS

separator continues to flow through the gas-gas and gas-condensate heat exchanger and is

heated to attain under saturated condition and thereby, rC;1ricling formation of1iquid in the

transmission line.

Scrubber, Sales gas handling, Three phase [lash separator, tnslrument!Fuel gas system,

Flare system and bum-pit, and Waste water treatment are similar I common facilities for

all plants in Titas field.

4.2.5 Low_Temperature Separation (with Glycol Injedioll) Type Plant

Only two lAlw-Temperature Separation (LTS) type process plant installed in Bangladesh.

In Titas field at Location I, the gas processing facilities for the gas stream from the TT-7

goes through a LTS Process train (Plant 7) shown in Figure A-2-12, In lAleation 3, the gas

processing facilities for the gas streams from wells TT-8, go through LTS Process trains

(plant 8). The Production Facilities Schematic for wclls TT-8 is presented in Fi),'llre A-2-

13 Design capacity of the gas processing trains for Plants 7 & 8 are each 60 MMscfd.

Common facilities for sales gas measurement and tran5mission and condensate product

storage & transport, flare and utility gas systems are situated at lAlcation 1.

'] he principle of L'] S plant is same as LTX process but glycol is injected as a hydrate

inhibitor in those LTS process, The use of hydrate inhibitor allows a high pressure well

stream to be cooled below the hydrate temperature ahead of the choke so that low

temperature can be obtained.

General description of process of those LTS plant is given in below,
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4.2.5.1 Process description

The low-temperature separation with glycol injection type process plant includes the

following operations/equipment:;.

'. fillet gus "oo/er

Gas stream from the TT. 71 TT- 8 weU is passed throllgh a well stream cooler After

cooling some liquid (mixture of hydrocarbon & water) is funned into the mainstream and

temperature decreased from 145 to 120°F After cooler a by-pass stream is passed through

a coil lL1be immer:.ed ;n10 liquid phase in LIS separator to maintain the temperature of

liquid phase in the LTS separator at above hydrate formation temperature.

ii Liquid Knockout SeparalOr

Liquid fonned into the cooler is separated in the inlet knock-Oul separator. In the knock-

out separator condensate and water is separated in separate chambers, A liquid level

controller operates a dump-valve thaI releases lhe condcnsate from lhe separator into the

liquid phase in the LTS separator Water ITomthe separator is controlled by a level control

arrangement and is sent to skim-pit.

iii Loll' tcmperalure separator

The low-temperature separator acts as a cold feed condensale stabilizer, A natural cold

retlux action exits between the rising wanned gases liberated from the liquid phase and

cold condensed liquid falling from the stream inlet The lighter hydrocarbons rejoin the

deparling gas :;tream and the heavier components recondense and are drawn from the

vessel as a stable stock tank product The gas, condensate, and free water are then

discharged from the vessel through backpressure and liquid dump valve:; The gas leaving

the separator is :;aturated with water vapor al the temperature and pressure of the low

temperature :;eparator If this temperature is low enough, the gas may be :;ufficiently

dehydraled 10meet sales specifications.

iv. Gus-Ku.I heat exchan"er

For further cooling the gas :;tream from Liquid Knock-Out Separator is passed through the

Gas-Ga:; Heat Exchanger, which cools warm high-pressure nch gas down stream of the

knockout separator utilizing the effluent cold lcan gas from the LTS a:; the coolant. A

three-way heat exchanger by-pa,>svalve located in the cold gas outlet piping accomplishes

the proper degree of cooling, By sensing the temperature of upstream of expansion choke

the temperature controller actuate thi:. valve.
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v, Gas-condensate heal exchanger

The gas stream /Tom Gas-Gas Beat Exchanger is further passed thrOllgh a Gas-Condensate

Heat Exchanger 10 raise the temperature of gas before ,ales metering. in the Gas-

Condensate Heat Exchanger condensate comes from J-Phase Separator and raises the

temperatLlre of gas stream. Fly the electric mOlor driven reciprocating pump glycol is

injected into the gas stream after passing orlhis heat exchanger.

vi Expansion Choking ~ Glycol fnjee/ion

After glycol injection the gas is then passed through the pressure control valve, where the

pressure is reduced and automatic refrigeration is achieved below 40° r due to expansion

cooling (Joule- Thomson eftect) after pressure reduction, Due to this extreme low

temperature of gas stream liquid (hydrocarbon and water) is formed and separated in the

LTS separator. The ga, from LTS separator continues 10 now through the gas-gas and gas-

condensate heat exchanger and is heated to attain under satorated condition and thereby,

restricting funnation of liqllid in the transmission line [>rocess block diagram is shown in

Fil,'Ure4, II

vii, Scrubber

Cold gas leaves the LTS separator and fiows either into, or through, a by-pass around the

gas-gas and gas-condensate heat exchanger. The volume of gas passed through the heat

exchangers is detennined by the three-way proportioning valve, which in tum is controlled

by the temperature controller. The surplus eold gas not required for cooling the high

pressure mainstream, is diverted through the by-pass and combined at the three-way valve

with the gas used for c-ooling and.finally transmitted to common Scrubber where rest of

the conden8ate in dry gas stream separated and sent to Three Phase Separator,

viii. Safes r,as handling

Gas stream from common Scrubber go through the common sales gal>measurement and

transmission system
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ix Three phase jla.\h separator

Liquid (rich glycol & condensate) ITomLTS separator is heated passing through glycol

regeneration unit coil (or by pass) before entering 3-phase (water rich glycol, condensate

and gas) common flash separator. Pressure of the J-phasc flash separator is controlled at

70-90 psi In the 3-phase 5eparator a new equilibrium is established due to thc lower

pressure and the high temperature. Many of the light components evaporate (flash oft)

leaving condem;ale in the flash separatDf,Condensate and water rich glycol is trapped in

difterenl chambers in the flash separator. Condensate from Ihe flash separator is passed

through gas-condensate heat exchanger and is released to atmospheric pressure at

condensate prodl.lction tank where hydrocarbon condensate and water stabilize and

separate into phases. Hydrocarbon condensate accumulated in the production tank is

transferred into storage tank for sale or fllrther treatment.

x. Glycol reboiler

Water rich glycol from the Three Phase Flash Separator is sent to Glycol Reboiler still

column In the reboiler water is stripped off from glycol by evaporation Regenerated lean

glycol is settled and stored in surge drum for cooling A electric motor driven

reciprocating pump is used to inject lean glycol from surge drum to high pressure gas

stream in between liquidknockout separator and pev to complete the cycle

xi. I/I.,trumentll'iwl gas system

The flashed gas from the common 3-phase separator ;s used within the plant as fucl &

instrument for processes (e.g. line heater, reboiler, electric generator, flare pilot ele) and

domestic uses. The fuel gao demand in excess of flashed gas is met by tapping the dried

gas /Tomsales gas by pressure regulator.

xii. j'lare sy,<lemand hum-pit

Gas from pressure relief devices within the plant is vented into a flare header, Flashed

gases in excess are also vented through flare header,

xiii Wa,te "''lIter treatment

Water accumulated in common production tank is drained into common skim-pit where

water is allowed to hold for extended period of time for further separation of suspended oil

particles into water. Finallywater is drained from skim-pitto soak-pit.



4.2.6 Molccular Sieve Turbo Explluder process plant

KTL-2, 3 & 4 arc processed by 90 MMscfd Molecular Sieve Turbo Expander (MS'IE)

process plant, The Kailashtila was the only gas field in Bangladesh consideration would be

given to constructing a more elaborate processing facility, which would split the liquid

hydrocarbon stream into various components

The description of differ enI systems and equipments ofan MSTE plant is given below:

4.2.6.1 Process Description

1. Inlel gas well heater

There are three gas wen heater for each well Each gas wells has twu 3 inch lines each

with block valve, emergency shutdown valve and 1 inch valve for future sand detector.

The lines join upstream of the PIG launcher At regular intervals a pipeline pig is inserted

tu push the liquid out of the line. The shutdown valve action is controlled by the plant

shutdown logic system. After shutdown valves a 3 inch connection with two full flow

pressure safety valves is provided, Both PSV's are set at 234 Bar pressure and go to the

fiare system

The gas now flows through the Inlet Heater. The inlet heater is a double pipe type counter

current heat exchanger with the inlet gas on the tube side and hot oil on the she11side. The

purpose of the exchanger is to heat the gas to 26 deg, C or higher to prevent hydrate

formation when the inlet gas pressure is reduced from 186 tu 103.4 Bar. A fluw of 307"F

hoi oil is used on the shell side of the heater to wann the inlet gas The reverse acting

temperature controller flow of hot oil increases The inlet gas from the heater flows

through a pressure control valve station and enters the tup of the Tnlet Separator.

11. Inlel separator

There are three Inlet Separator for each well The inlet gas flows to the inlet separator

where free waler is separated from the hydrocarbon condensate liquid and the gas is

separated from the liquids. The water is heavier so it separates and migrates 10 a '.Boot"

mounted on tbe bOllom of the vessel. Water" hydrocarbon interface level is maintained in

tbe .'boot" by a level cuntro11cr and conlrol valve in the ..boof' bottom outlet line to the

dosed drain, The hydrocarbon liquid floats on top of the water and must accumulate tu a

level 6tO mm above the boltom oftbe vessel before it ean enter the hydrocarbon section of
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the vessel. The 610 mm level is set by an internal weir or overflow baffle that separates

the waler hydrocarbon and hydrocarbon sections The position of the weir insures

sufficient time for the water to separate and fall into the "boot". The hydrocarbon level is

maintained behind the weir by a level controller and control valve in the line to the

stabilizer. The nonnal hydrocarbon level is designed for 450 mm ahove the hallam of the

vessel It passes through a vane Iype mist extractor before leaving the vessel to help

separator any entrained liquid droplets. The separator inlet line and gas outlet line pressure

are sensed 10 a diffurential pressure

A high differential pressure indicates some problem with the internal vane mist extractor-

Inlet separator is protected from overpressure by two full flow pressure safety valves &

eaeh is 'let at 113.7 bar and go 10 flare, one PSV is spare and its inlet and outlet block

valves are car sealed closed The gas stream joins the inlet gas streams from three inlet

separators and flows to the inlet filter separator ahead of the gas dehydrators in the

cryogenic section. It is horizontal vessel designed to the fonowings specifications:

Size: ] 524 mm I.D x 3048 mm seam to seam (SIS)

Maximum Working Pressure (MWP). 113.8 bar at 66°C.

StabiliLer system

The stabilizer system provides a means of removing light hydrocarbons, mostly Methane

and Ethane and most Propane and some H20, N2 and CO, entrained in recovered

condensate from the three inlet gas separators.

The liquid is pressured on level control from the separators to the Stabilizer where heat is

applied by the stabilizer reboiler to vaporize light hydrocarbons from the condensate. The

vapours exiting the Stabilizer overhead are pressure controlled to the plant fuel gas

system.

A water draw-off tray below tray II 8 is provided in the upper section of the tower to

coalesce and separate water so water can be manually drained from the system, The

Stabilizer bottom liquid is air cooled and is pumped into the NUL surge drums.

III. Stabilizer

The Stabilizer is a fractionation tower used to make a rough cut of the hydrocarbon

condensate from the inlet ,eparalors At design condition. tower pressure of 12.1 Bar and
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a [chollcr outlet temperature of 220°C, 97% of the ethane and lighter hydrocarbon

components and 38% of the propane exit the lOp of the lower and 62% oClhe propane plus

heavier components exit the bottom as a stabilized NGL product .In addition to stabili7.i~g

the NGL product, the stabilizer removes aU of the N2 and C02 from the feed stream, The

tower overhead is pressure controlled to the plant fuel gas system. The NGL product

recovered in the tower bottom is pumped to the NGL Sl.lrge drums This vessel is designed

to the followi~gs specifications:

Size:610mm1D x 17,069mm SIS

Number of trays: ]6

MAWP, 15.5 Bar@ 183°C

iv, S'whilizer Waler separator

The tower has one feed source, 18 ]0 C condcll5!lte from the three inlet ga~ separators

which enters onto lhe top tray ilL The feed alw provides reflux liquid for product

separation The pre,sure is decreased from 103.4 bar to \2.1 bar as it enter, the stabilizer

re,ulting in the 18,IOC feed temperature The total liquid fccd from the 3 inlet separators is

5,01 M'fHr, however, ,orne flashing OCCl.lrsacross the level control valves in the 3 feed

lines The tower feed is saturated with water, thcrcfore a Water Separator is required to

remove the water, The separator is fed from a draw-off, tray below tray #8 and return,

hydrocarbon condensate fecd beneath the draw-off tray. Condensate feed to the coalesccr

,ection must flow through a mc,h pad where mater molecules are coalesced to form larger

droplets of water. In the separator section water is separated from the hydrocarbon

condensate and accumulated in the Separator boot. A level gage glass is providcd for

visual inspection of the liquid accumulated in the boot. A waterfhydrocarbon condensate

interface should be maintained at all times to ill5ure proper operation, Water accuml.llated

in the separator boot mu,t be drained manually at regular intervals If water is not draincd

from the Separator! Stabilizer flooding will occur, reducing thc efficicncy of the Stabili>:er.

This win result in off-spec NGL product in the bottom of the tower. The Separator i~

designed with me following specification,

Size 508 nun lD X 3048 mm SlFIg,

MAWP' 15,5 bar@8J°C.
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v Stabilt::u r",hoiler

Heat is added to th~ bottom of the tower by the stabiliLer rehoiter. The rchoiler is a httle

type with hot oil circulated Through the li.lbe bundle. The hot oil flow is temperaillre

controlled to maintain a constant lower bottom temperature The rehoiler shell is equipped

with a ~pill-ovcr weir which insures thaI the tube bundle is completely ,>ubmerged in

liquids, at all times, The weir forms a reservoir on the down ~tream side where the NGL

product is collected. The excess NGL product is level controlled from the reservoir section

through the stabilizer product cooler.

vi S/ubiliur product coolers

There arc two stabilizer product cooler. The 220°C NGL product from the stabilizer is

cooled to 47°C by two identical f(l[eed dran air cooled exchangers One cooler is a ,pare

and appropriate isolatiug valves are provided. Each air cooler has three fans driven by I 6

KW electric motors, When a fan unit is tripped off from its high vibration, the othcr fans

continue to run Thc vibration switches must be reset to restart the fan,

vii. Stabilizer Pumps

Two stabilizer pumps are positive di,placement plunger type driven by 5,5 KW electric

motors. One i, a spare, Thew pumps take suction from the product cooler and send the

stabilized product 10 the NGL surge drums at 4m3/hr now with 174 Bar differential

pressure

viii Inlet filler separators

Two inlet filter wparators arc the final clean up of the total inlet feed gas flow from the

inlet "'parators and protcct the expansive molecular ,ieve in the dehydrators Two 100%

units arc provided and one is a spare. The unit has an inlet filter area with replaceable filter

elements in the first slagc and a vane type mist extractor in the second stage to knockout

entraincd liquid droplets. A small bottle is placcd below each stage filter ,all liquid that

accumulates falls into the divided bottle Each end of the bottle has its OVlfl1 level control

loop fur pressuring the liquid into thc closed drain, A differential pressure switch is placed

across the filter elemcnts to warn that they are dirty. Each filer separator is horizontal

vessel designed to the following:. specifications'

Size: 700 mm x 1200 mm x 2500 mm

MWP. 113 7 Bar@6S,5°C.
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Inlet gas deh)'dration system

The ,all' purpose of two dehydrators i, the total removal of all the moisture in the process

gas stream The gas stream entering the cryogenic plant must be dehydrated to as Iowa

dew point as possibly due to the extremely cold temperature to which it will ultimately be

subjected Block diagram of the proce,s is shown in FigLire 4.12.

i",_ Molecular sieve dehydralinn .'Y",lem

After final clean up in the inlet filter separator, the inlet gas processing conditions of about

]08,120 MJ!hr, 103.1 bar pressure and 19QC temperature, the inlet feed ga, is down flow

dehydrated of moisture in the Molecular Sieve system on 8 hour cycles These two

dehydrators are filled with molcrular sieve desiccant. This porous bead looking material

has liny cavities that are big enough to trap water molecules, but small enough to allow

hydrocarbon gas molecules to flow by. There are no "process controls'" as such on

molecular sieve beds, but the vessel switching valves are time cycle controlled, There is a

high moisture content alann downstream of the bed to alert of a malfunction, in the sieve,

and there are shutdown functions to prote<.'t the etyogenic plant equipment if there is a

major malfunction in the mol sieve system, Mol sieve regeneration is that part of the

process where watoorvapour is driven from the sieve cavitie, by flowing vety hot, dty gas

over the sieve at reduced system pressures, The plant's regeneration scheme uses hot oil to

heat dty, re,idue gas to about 212°C at 38 Bar. This combination of temperature and low

pressure "ultra dries" the mol sieve so dew points for cryogenic processing is obtainable.

Typical regeneration gas proces, conditions for the plant require 3830 M'/Hr of residue

gas, 38 bar pressure and 30,')oC temperature to the regeneration gas heater. At lea,t 5730

KgfHr of 307°C hot oil is necessary to tran,fer the required heat for regeneration gas

temperatures of 232°C. The regeneration gas temperature from, the heater is controlled

manually/automatically by reverse acting flow controller,

Each dehydrator has two (2) pressure safety valves, set at 113.7 Bar that exhausts to flare,

One PSV is a spare and its block valves are car sealed closed. The block valves on the

PSV in service are car scaled open, The dehydrators are internally Insulated vertical

vessels with the following specifications'

Size: 1676nunX4267mmS/S

MWAP: 113.7, Bar@260°C
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Typical dehydration regeneration cycle: The mol. sieve inlet gas drying cycle i,8 hours

long, all regeneration activities (beating, cooling, bed pressurization/depressurization,

valve switching sequence, etc) is concluded by the same cycle period. Heating the vessel,

sieve and driving the water vapour out typically consumes about 4 hours of the available

time with cooling the system below 39°C consumes about 3 hours and the vessel

pressurization taking the balance, During the heat cycle, the entire vessel ultimately

approaches the temperature of 204°(; During the cool cycle, the gas is cooled so water

vapour condenses and drops out of the gas stream in the regeneration gas scrubber

At the beginning of dehydration regeneration time cycle the inlet gas pressure equalizing

valve opens to pressure the regenerated dehydrator from regeneration pressure to inlet gas

pressure.

At the end of the pressure equalizing period the inlet gas valves are opened and the valve

oCthe regenerated dehydrator closes

At the end of the valve switching cycle the inlet gas valves on the dehydrator to be

regenerated are now closed.

The pressure rclease valve opens to equalize dehydrator regeneration system

At the end of the pressure equalizing period the regeneration gas valves on the dehydrator

to be regenerated are now opened, At the same time the regenerated gas heater inlet valve

is opened, the cool valve closes, the regenerated bypass valve closes and the pressure

equali"jng valve closes. This is the start of the heat cycle

At the end of the heating period the heater is bypass, the cool valve opens and the heat

valve closes This is the start orthe cooling cycle.

At the end of the cooling "'-yc1ethe outlet of the dehydrator should be S4 4"(; (maximum).

All at the same time the regeneration gas flow bypass valve opens and the regeneration gas

valves on the dehydrator being regenerated are closed. The cool valve remains open,

The inlet gas pressllre equalizing valve opens to pressure the regenerated bed from

regeneration pressure to inlet gas pressure,
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The regenerated dehydrator inlel gas block valve> are opened. The pressure equalizing

valve closes and both dehydrators arc again in dehydration service. The regeneration cycle

is rcpeated for the next dehydrator.

x. Moisture rmalyzer

A moisture analyzer and recorder are provided to assist operating p<:rsonnel in maintaining

optimum conditions in the dehydrators. Any increase in moisture analysis is considered a

problem, and steps taken to reverse the trend should be taken immediately. The sample

stream is in the line between dust filter and the exchangers of the NGL plant When high

moisture occurs un the dehydrator outlet stream the first step to take is to shorten the cycle

time by resetting the heat and cool timers in the dehydration control cabinet. The

regeneration gas flow should be increased, especially should the dehydrator outlet,

temperature at me end of the heat cycle fail to reach a minimum of204QC.

Dehydrator program: All operations required for ,witching the dehydrator block valves

are initiated from and controlled by a timed dehydration control system, The control

system consists of the following components

a, An Automatic Timing and Control Company (ATC) stcp programmer, This master

controller consists of a eamshafl with twenty (20) sliding Seb'TTlentsthat represent the

twenty (20) steps that are available in thc program The white segments are held in the

slots in the camshafl hubs but arc independently movable to the right or left Next to the

white segment is a black area. When you sec a white segment in a black area (or hub), tbe

switch will he activated at this point in the program. If no white segment is in the black

area, the switch will not activate. The white segments in black areas actuate load switches,

at preset times in the program, and in turn energizes and/or dc-energize 3 -way solenoid

Valves that a<.;tuatethe switching valves in the dehydration system The camshaft is driven

by an AC pulse motor. The motor is attached to the camshaft drive gear. Next to the drive

gear an indicator strip shows step number as it lines up with the step position arrow on the

motor. Next to the step number indicator strip is the segment indicator strip, which

identifies cam segments.

b. The dehydrator controls also include four (4) ATC series 305 motor-driven reset timers

with pilot lights Two timers have ranges of zero to fifteen (15) hours and are connected to

the heat and cool sections of the programmer. These two timers are provided with a
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manual reset button on the control board. The heat and cool cycles can be resel (returned

to lhe original time set period) by pushing this reset bUlto!! A pilot light in each timer is

illuminated whenever that timer is running The third timer has a range of zero to sixty

(60) seconds and is provided for a step time delay when switching dehydrators. Whenlhc

dehydrators are switched to regeneration and back 10 dehydrating inlel gas, this timer

allows time for the larger dehydrator switching valves to open and/or close before the

programmer automatically goes to the next step. This aSSllresproper positioning of these

valves, The fourth timer has a range of zero to sixty (60) minutes and is connected to the

programmer to allow a period of time for pressuring up depressuring the dehydrator tower

before switchinginto a drying cyde or a heating cycle.

c. The local control cabinet also contains 3-way solennid valvcs. These solenoid valves arc

installed in the control instrument air line (1.406 kglem2 pressurc) that eventually actuates

all switching valves through the 4-way Versa valves. The main dehydrator switching

valves are Orbit valves.,which require air pressure (3.5 Dar maximum)on both sides ofthe

diaphragm actuator to open and dose. It takC.'ltwo 3-way solenoid valvcs, therefore, to

actuate thesc valves. One solenoid valve in the opening side and one solenoid valve in the

closing side. The 3-way solenoid valves are in the control air line to each side oClhe 4-way

Versa valvc. One 4-way Versa valve is provided for each sct of dehydrator switching

valves; one, for the inlet gas into and out of each dehydrator, and one for the regeneration

gas into and out of cach dehydrator In other words, the cycle programmer sends a signal

to the opened or doscd solenoid valve and in turn shifts porting in a single 4- way Versa

valve to open or dose two switching valves simultaneously. The 3.5 Bar power air is

vented out of the 4-way Versa valve exhaust port as air is applied to the opposite side oC

the Orbit valve Altogether the main dehydrator switching valves require eight (8) 3-way

solenoid valves.

An on-off switch has been installed in the dehydration control panel This switch is not in

the cycle programmer and must be actuated manually. In the off (de-energized) position

the s'Witchturns the power off a 3-way solenoid valvc in thc 20 psi control air line to all of

the switching valves 3-way. Solenoids preventing the switching valves from changing

positions The on-off switch is provided to allow the programmer camshaft to be rotated

without changing switching valve position The camshaft can be rotated by another

manual stepping push button on the dehydration control panel cover. Each time the
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manual stepping button is pushed the camshaft is rotated into the next or following

function When the camshaft program is in Ihe desired position, then the on-off switch is

placed in the on position and the switching valves will automatically reposition to

correspond to the new programmer setting. II is not anticipated that the manual stepping

switch will be used; however, it is provided in case of trouble in the programmer or

restarting a complete cycle after prolonged down time,

xi DlIstjifier

Some breakage of the mol. ,ieve malerial UINurs during the initial loading and also during

the operations of the timed cycles. This dust is removed by the Dust Filter, which is

located directly downstream of the dehydration units. This filter's function is to prevent

any dust or materials from passing downstream and possible plugging or fouling any of

the heat exchangers. The dust filter has a pressure differential high alarm, which is set at

1.4 bar. Any time the pressure differential on the dust lilter increases, the filter must be

shutdown and elements replaced.

xii. RegeneratlOlI xu'S "yslem regeneration gas healer

The regeneration gas heater is a ~heUand tube heat exchanger The 307QC hot oil from the

hot oil heater flows through the tube side and heats the regeneration ga~ volume for the

dehydr310rs to 232°C, flowing through the shell side. Design hot oil flow through the tube

side is 5730 KgfHr. The hot oil n-om the shell side is designed for 200°C temperature. The

only function of the heater is to heat the regeneration gas to 232°e during, the regeneration

heat cycle it is bypassed during the cool and switeh cycle.

Regeneration gas is supplied n-om the plant residue gas header after the expander

compre~sors at a temperature of 309°C. The hot oil flow through the heater flows at all

times and the ga~ flow is directed to or around the exchanger. The regeneration gas is up

flow through the moL sieve beds while inlet gas drying is down flow The regeneration gas

flows from the top of the dehydrators through regeneration ~witehing valves. From the

dehydrators., the regeneration gas flows through the regeneration gas cooler. The

regeneration ga~ heater is sized for 1774 MKJIlJr, and specifications are

Tubes 86 Bar MWP at 343°(

Shell: 41.37 Rar MWr 31J43bC
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xiii. Regeneration Kill mole,
The regeneration ga, cooler is an air cooled heat exchanger designed (0 condense water

and hydrocarbon vapour produced during the regeneration heat cycle. The cooler outlet

maximum design temperature is 49QC and the minimum is limited to about 16°C to

prevent hydrate problems The cooler the gas, the more vapour is condensed. Two 4 KW

motors drive two fans for control the outlet temperature. The regeneration gas cooler is

designed to the following specifications

Capacity. 1774 KJtHr

Tubes: 41,36 Bar at 260°C

xiv. Regeneration KC/S,,"emMeT

The regeneration gas scrubber is designed to ~ar3lc gas and liquid and send any

acc •.•mulated liquid into the dosed drain header automatically. The ga~ leaving the top of

the vessel must pass through a wire mesh extractor to help remove entraincd liquid. The is

a vertical preSSlire vessel designed to the following specifications'

Size: 457 mm 0 D X 2438 mm SIS

Design Metallurgy: 41 37 Rar MWP@260°C

Cryogenic process system

xv, fnlet gas COO/III/{

The dehydrated inlet feed gas from the dust filter at the design process conditions of

108,]20 m3/Hr rate of flow, 29°C temperature, 102.1 bar pressure and 17 45 MW >plits

for flow through two (2) exchangers to [<xover refrigeration.

One inlet gas flow, 75% of the total inlet gas flow or 81,240 m3/Hr flows through the tube

side ofthe gas-gas exchanger. One inlet gas flow, 25% of the total inlet gas flow or 271080

m3/Hr, flows through the tube side of the deethanizer feed heater.

The main 10" inlet gas line and-the 6" line to deethanizer feed heater have orifice meters

thaI are used to automatically maintain the rcquired flow split to obtain lowest possible

inlet gas temperature. The 10" line to gas-gas exchanger has a manual operated block

valve & two fun now pressure safety valves and thermocouple that goes to the Control

panel, The PSVs provide overpressure protection for the high pressure side of the

cryogenic plan!. from the gas-gas exchanger the inlet gas is cooled to _39°C and the
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residue gas on the shen side is warmed ITom -78.9"C to 2.2°c, and flows to lhe Cold

Separator. The 6" inlet gas line to dcethanizcr feed heater has an orifice meter and control

valve It tlows through the tube side of the deetfianizcr feed heater and. then ties into the

10" inlet gas line from gas-gas exchanger for flow into the cold separator, The inlet gas is

cooled to 9.91 °C while warming the deethanizer feed liquid from _84.9°C to -168°C. The

inlet gas line from deethanizer feed heater has a thennocouple that goes 10 the control

paneL Process flow diagram is shown in Fib'Ure 4, 13,

The Gas-Gas exchanger is actually two (2) shell and tube exchangers stacked and piped

tor serics flow and is designed to the following specifications:

Dllty: 16,75 MKJlHr

Shell: 411,4 Rar Mwr 3166"C/-l10T

Tube- 113.7 flar MWP at 6j6°CI.I OO°C

The deethanizer feed heater is designed to the following specifications:

Duty: 365 I'o.fKJfHR

SheU 41.4 MWP at 66"CI-l 15°C

"]ube : 113.8 MWP at 66QCI-1 (JODC

xvi, Cold separalor

The cold ~eparator is designed to separate the liquid, formed" (condensed) by lowering the'

temperature of the inlet gas rrom 28.5QC to-28.2°C in gas-gas exchanger & dccthanizer

feed heater from, the non-condensed inlet gas stream The separator has an internal mist

extractor pad and is the final clean up before the expanders, The inlet gas stream from the

cold separator, 107,160 M3/I-1R, 100 bar shutdov.m valves and 17.21 MW, flows thrOl.lgh

the three expanders or their IT bypass valve into the expander separator The liquid from

the cold sepanltur, 2.77 m3/HR at 0.578 SPGR, aI.'\Ogoes (0 expander separator, rhe cold

separator is de~igned to the following specilications :

Size: 1219mmlD X2438mmS/S

MWAP: II3,8barat66QC/-45.5"C

Low inlet gas temperature can be compensated for by increasing hot oil flow through the

three (3) inlet-gas heaters and only if pre~,ure levels are at design, Inlet gas composition

change may require new heat and material balance numben; however; some change can be
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compensated for by adjusting pressure levels. Deereasing plant temperature indicates the

inlet gas contains less heavier components and the inlet gw; pressure ml.lst be reduced or

expander -outlet pressure increased to warm the plant. The plant temperature will decrease

when the pressure differential across the expanders increase. Deethanizer flooding is

usually associated with colder plant temperature causing more methane liquid 10 be fed to

the column that it can handle. The liquid stacks up on the trays and goes overhead to the

gas-gas exchanger chilling the inlet gas due to a gas-liquid exchange This- lowers the cold

separator temperature and lowers the expander QLIl1e!temperature creating a snowball

effect. To remedy, the expanders arc shutdown and jfthal docs not work the inlet gas flow

is reduced.

xvii. Expander-compres,wr,j'

l'rom the cold separator the inlet ga~, at de~ign conditions of 107,106MJ!Hr, 100 Bar,_

28,2QC and \7.21 MW, flows through the three (3) identical expander, and into the

expander separator, Each expander generate~ 381 KW hor~epower through the mechanical

expansion or the inlet ga, ~tream The expan,ion of the gas acro~, the expander wheel

releases energy and provides work. The work, or energy, provided is utilized by the

expander compressor wheel, to compress the plant residue gas. The release of energy /Tom

the inlet gas results in a -854°C temperature at the expander, outlet causing additional

liquid condensation. The expanders are ~imply highly efficient turbines operating on the

same principle as the more lamiliar steam turbine, but with the prime objective of redl.lcing

tempentlure than obtaining power,

The design speed (about 59,200 RPM) of the unit takes into account the ;peed required to

maximize expander efficiency together with matching the expander to the compressor.

Thrust loads, high vibrations and resonance are considered in selecting the operating

speed. Sen,ing the expander compres,or discharge pre"ure (re,idue ga, compres~or inlet

pressure) controls the expander loading, and therefore speed, by positioning a variable

inlet nozzle assembly, which in rum detennines the deelhanizer pressure. The variable

pitch blades are controlled externally by a pneumatic diaphragm operator. Upstream of the

expander, a line with pneumatic motor valve, ha~ been placed to bypass all the expanders

and continue to operate the plant at reduced recovery. Both the bypass motor valve and the

expander variable inlet vanes operator arc provided with posilioners 10 set up a split range

control scheme Pressure comroUer first opens the expander inlet vanes from 3 psi to 9 psi
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(0.2 to 0.6 Bar) and if the expander design is exceeded by the plant flow, the expander

bypass valve (J-T valve) win slart opening at 9 p,i and will be wide open at 15 psi (0.6 to

lOBar) air signal, In the signal line to the inlet vanes operator, a hand indicating

controller is placed to manually adjust the inlet vanes. When the expander is put on line

and the output signal from the pressure controller matches the manually set outpul, the

hand controller is then switched to automatic and the vanes are than controlled from

pressure controller.

The expander inlet valve is specially designed 10 close quickly (less than two seconds) to

limit the driving force of the expander as quickly a, possible, and prevent possible damage

to the expander. The expander outlet valve is used to block in the expander, and is a back-

up to stop the unit in case leaks through or does not close. The expander compressor outlet

valve is provided to insure stoppage of flow and possible .slow rolling the unit When the

expander is shut down, all shutdown valves are automatically closed, The expander wheel

must be loaded (braked by flow through the compressor wheel) at all times or it will over

speed and damage itself The expander inlet line has a 80 mesh screen with 150"10 opening,

This screen has a pressure differential indicator and a differential pressure shutdown

switch The shutdown switch is set for 0.3 bar differential and wi11shut down the expander

when tripped When preSSlire differential indicator indicates increasing AP, the screen

should be cleaned. This switeh- prevents excessive pressure differential, which could

collapse the screen. The expander compressor inlet has a 30 mesh screen, however, no

pressure differential indicator is provided The residue gas to the expander compressor is

normally a very clean gas stream, Once debris left from construction has been flushed out

of the C(luipment, this screen should not get dirty.

The expander compressor process gas pressures are sealed at the shall by labyrinth seals.

To protect against possible cold process gas flowing into the lube oil tank and entry of oil

into the. process, an outward leakage of gas is pennitted out each labyrinth seal To

prevent entry of oil into the process from the expander end, there is a provision at the

middle of the expander end labyrinth seal to inject a stream of gas at a rate slightly higher

than that leaking out through the seals.

The compressor lube oil system consists of the following: The lube oil and seal ga~ from

the unit enters the surge tarue The combined stream enters onto a tray which hclps

separate the oil from the gas, The oil run, down into the tank through tray drain lines that
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tenninate below the oil level The lube oil tank has an electric heater set 27"C The seal

gas vapour, pass through a mesh pad and enler the expander compressor inlet line,

therefore, the oil surge lank pressure is always maintained at the expander compressor

inlet pressure. From the surge tank the oil is picked up by one of two lube oil pumps, and

then is cooled and filtered before entering the unit to complete the oil circuit The lube oil

pumps should be shut dOIMl in five (5) minutes after the expander is shut down. It is

suggested thallhe seal gas now be slopped in ten (to) minutes after the lube oil pump

stops if the expanders are to be down for a period of time. There is an automatic thrust

balance valve in a line from the back of the compreswr impeller to the compressor inlet.

Opening this valve unloads the compressor thrust bearing and loads the expander bearing

to maintain a balanced thrw;!. This valve is set in the factory and should not need field

adjustment unless one of the seals washes out or ice deposits or the like collect in the

wheel vent passages,

A discharge to suction bypass line with automatic valve is provided around the expander

Compressor, This bypass ean be used when low gas flow causes a surging of this uni!. Jt is

possible to surge the unit when flows of about 70% of design or lower are experienced,

The recycle stream puts additional load on the compressor wheel and acts like a brake (0

slow the unit down. When the recycle valve opens, the boost in pressure across (he

compressor will decrease When anyone of the three (3) expander compressor anti-surge

valves open, the compressor discharge check valve will probably close until the expander

separator and decthanizcr pressure increases to the point where it re-opens. The expander

compressor outlet pressure is set at 36,7 bar by pressure controller, the inlet pressure is

designed al 27 bar (9.7 bar differential pressure). UlSSthan design inlet gas rate of flow or

anytime the expander efficiency decreases, the compressor differential pressure decreases

and the only way (0 flow (he residue gas is (0 increase the compressor inlet pressure

xviii T'XjXl!lder separator

The expander separator is designed to separate the NGL liquids from the now completely

processed inlet gas The gas from expander separator is the majority (88%) of the plant

residue gas. Jt is passed through a mist cxtruclor pad as it leaves the top of the vessel to

help recover all possible NGL The separator hal> two (2) inlet lines, both two phase

(gaslliquid), O~e from the, bottom of the cold separutor and one from the expander outle!.

The NGL liquid from expander separator is the total feed to the dccthanizer, 21-1 M'fHr at
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o 394 SPGR.. The expander separator makes the deethanizer fractionator more efficient

since it docs not have to handle the large volume of residue gas. The expander separator

liquid is pressured into the deethanizer although the residues gas from the separator and

from the deethaoizer join for flow through the gas-gas exchanger. An automatically

controlled restriction (hack pressure) is provided ill the residue gas line ITom the separator

to IUrce the liquid flow. When the residue gas line pressure is higher than 40 bar the BSD

system is tripped causing a shutdown of the cryogenic plan!. Overpressure protection of

the expander separator is by two (2) ]00"/0 capacity pressure safety valves, set 41.4 bar and

exhaust into the residue gas header to the gas-gas exchanger One PSV is a spare and its

inlet and outlet block valves are car sealed closed The expander separator is designed to

the following specifications'

Size: 1538 mm 1.D, X 2438 mm SIS

MWP. 41,37 bar at 63"(; I _129°C

Residue gas handling system

To recover the refrigeration produced in the cryogenic plant and •.•tili"e the hor~ower

(KW) generated by ~he expanders, The residue gas stream from the top of the expander

separator vessel is used to condense vapour for reflux in the top of the deethanizer, chill

the inlet gas stream in the gas/gas exchanger and is then compressed by the expander

compres,ors into the inlet to the residue gas recompressors where the pressure is increased

to residue gas pipeline pressure

from the expander separator the residue gas at a rate of 96,350 M'/Hr, _84,9°C and 16.33

MW is passed through the deethanizer reflux condenser. This is a shell and tube exchanger

installed inside the top of lhe tower. The residue gas flows through the shell side of the

condenser and the deethani"er overhead vapours flow through the condenser tubes. A

portion of deethanizer overhead vapour condense in the tubes and fall back into the top of

the tower. The non-condensed overhead vapours continue to flow through the tubes and

leave the deethanizer overhead, The expander separator residue gas after the deethanizer

condenser joins the deethariizer overhead stream and goes to the gas/gas exchanger at a

rate of 106)30MJ/Hr, _79°C and 16,52 MW, The residue gas is exchanged with inlet gas

to recover refrigeration. The temperature of the residue gas is increased from minus 79°C

to 2.2°C by this exchange. From the gas/gas exchanger the residue gas i, compressed from

27.6 bar to 3805 bar by the expander driven compressors, It is then used as regeneration
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gas in the dehydration section, compressed to 75.5 Bar by the residue gas compressors and

for future use a 6" line from the residue gas compression sllction header to JGTDC

pipeline has been provided

ixx Deethamzf!r

The purpose of the decthanizer is to separate by fractionation the methane and ethane

components contained in the feed b1ream from the propane and heavier components, the

desired products. A small amount of the ethane component is left in the bottom product,

since stripping all ethane overhead would reduce the propane component recovery Along

with the column top temperature, the amount of ethane left in Lhe hottom product is the

deethanizer bottom temperature control point.

11has an internal mist extractor in the top which all overhead vapour must pass; it is the

contacting of the liquid feed with vapours risi~g in the tower from the reboilcr which

creates the stripping vapour action necessary to deetharuze the product, There are 26 tray~

in the deethanizer tower which provide the eontact surfaces necessary to assure proper

stripping actio~. Tray #9 is the feed tray and as the liquid product falls down the tower it

flows across the lower trays the vapours flow up through the trays, The liquid flowing

down the tower collects in the bottom and flows into the bottom reboiler and vapour

returned to the tower helow the bottom tray, The reboiler is a horizo~tal shell and tube

thennosyphon kettle type using hot oil flowing through the tube side as the heat medium.

The deetharuzcr teed from expander separator is level controlled through the shell side of

the deethaniaer feed heater where i~let gas heats the liquid from -84.90(. to _76,8DC a~d

then enters the deetha~i7er on tray #9. The dcethanizcr is designed to the following

specifications: -

5i7.e; 1372mmI.D XlO67mm I.D,X21,94Smm SIS

MWP: 41,37 bar at 149°C I_129°C.

xx ike/hamzer. rehoiler

The deethanizer reboiler supplies the heat input to the bottom liquid to generate sufficient

vapour to strip the lighter components from the NGL product in the column trays The

kettle type reboiler has hot oil flowing on temperature control through the tube bundle,

The reboiler shell has a spill-over internal weir whieh insures that the tube bundle is

completely submerged in liquid at all times, The weir tarms a reservoir on the down
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stream side where tbe NOL is collected. The excess NOL liquid is pressured on level

control through the NGL product air coolers into the NOl.. surge drums, The exchanger is

designed 10 the following specifications:

Duly: 6903 MKJ/Hr

Shell. 41 37 barMWP at 1800C

Tubes. 8,6 bar MWP at 343"C

xxi Deelhani:er reflux condenser

The Condenser is an internal shell and tube exchanger installed in the lop of the

deethanizer. The cold -84.9QC residue gas from expander separator flows through the shell

side on lemperature control. The deethanizer vapour from the top tray at _45°C flows

through the tubes and is cooled to -58. 11°C before leaving the column. A portion of the

overhead gll5 is condensed and this liquid falls back onlo the top tray 10 provide reflux

liquid for the trays above the feed tray Without reflux liquid the top trays win not separate

components Essentially all deethanizer controls are on or, around the reboiler, The

deethanizer reboiler outlet return line temperature is controlled (129,7°C design) by the

reverse acting controller operates in the hot oil line to the reboiler tubes. The exchanger is

designed to the following specifications:

Duty: 1179 MKJlHr

Shell,41.37MWPat66T/-130°C

Tubes: 41,37 MWP at 66°Cf_130°C

xxii. NCL product nKJlers

The NGL product coolers lower the NGL product temperature Il-om 129 JOC to 48.TC.

The maximum design NGL pipeline temperature is 50"C. A manual bypass around the

product coolers is provided to maintain a minimum OI.lt1ettemperature in the LP Flash

Drum, This hypass is nonnally fully opened. There are lwo (2) 100"10 air cooled

exchangers provided each with three (3) fans driven by 1.6 KW electric motors. Double

bloek and in between venl valves are provided on each unit for isolation Each fan unit (6

lolal) has its own high high vibration shutdown switch, The vibration switch lIllJst be reset

manually to restart the Ian. The deethanizer NGL product joins the stabilizer bottom

product and flows into the two (2) NGL surge drums. The NGL product coolers are

designed to the following specificatiollS:

Duty: 1347 MKJfHr

MWP: 41,37barat 160"C
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xxiii, NGLfla\h System
The equipment used in the NGL Flash System is designed for the temporary operation

required at startup to produce, an atmospheric NGL product for shipment through the

NGL pipeline to a remote localion At startup the remote tilcility fractionation equipment

will not be in operation therefore requiring an NGL product with an atmospheric vapour

pressure. After the remote facility fractionation system is in operation the NGL Flash

System will no longer be required and the plant can produce the normal NGl.. product as

designed

xxiv, Plash drum

The LP. Flash Drum allows the NGL product recovered in the stabilizer and deethanizer

to flash the light hydrocarbon due to the reduced operating pressure. The L.P. Flash Drum

design operating pressure is ,2 barg at 47 0 C. Becausc of the low operating pressure an

atmospheric NGL product is produced. This atmospheric NGL product can then be

transferred by the NGL pipeline to another facility. NGL liquids not flashed at the reduced

pressure are accumulated in the bottom of the L P. Flash Drum and are pressured to the

NGl.. Surge Drums on level control. The NGL flash vapours exit the top of the flash drum

through a coalescing mesh pad to feed the suction of the Vent Gas Recompressor, Excess

vapours not compressed by the recompressor are pressure control to the flare system. The

flash drum is protected from over pressure by i>etat 10 barg.The L.P. Flash Drum is design

to the following specification:

Size'

Design:

1219 mm I.D. X 2438 mm SIS
I0 barg at lOOT

xxv, Vellt gas rel;-Vmpre,\SOr

The Vent Gas Recompressor is used to boost the pressure of the gas flashed for injection

into, the plant residue header. The discharge of the Vent Gas Recompressor is cooled and

the flashed gas is recondensed before feeding the Reinjection Surge Drum The Vent Gas

Recompressor suction pressure is 2 barg with a discharge pressure of 14 4 barg at 155°C.

The in,,-rease in pressure is required to reinject condensed liquids via the Liquid Tnjeetion

Pumps into the plant residue. The Vent Gas Rccompressor is designed to the following

specifications:

Capacitv: ]570 M3fHr

Type: 3 stage reciprocating
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xxvi. Rem;ecli(1II surge drum
The Reinjection Surge Drum provides surge capacity for the condensed flash gas liquids

after recompression Liquids condensed by the 'vent: gas recompressor 'Discharge Cooler

are accumulated in, the Reinjection Surge Drum while any ulloondensed vapours are

pressured controlled to the flare header. The accumulated liquids arc pumped from the

Reinjection Surge Drum by the Liquid Injection Pumps into the plane residue header. The

Reinjection Surge Drum design operating pressure is 11 barg at 49"C The reinjection

surge drum off gas is pressured control to the flare header by a direct acting local pressure

indicator controller set at 15 barg. Pressure is controlled by pressure TCb'Ulator from the

regeneration gas system, The vessel is protected form over presslire by set at 18,25 barg.

The Reinjeclion Surge Drum is design to the following specifications:

Size ,1219mml.D.X24,38mmSlS

Design: 1825 barg at 60°C

xxvii. Product bowler pumps
Two Product Booster Pumps are use to transfer NGL product from the NGL Surge Drum

to the NGL pipelines, Because of the reduced NGL product due to producing an

atmogpheric NGL product, the booster pumps are required. The Product Booster Pumps

are degigned to the following specification.

Capacity 6.7 MJlHr at 3 bar ll,P

Type: Centrifugal pump

XXVI'I. Liquid injecfum Immps

Two Liquid Tnjection Pumps transfer the NGL flash vapourg that were recondenged by the

Vent Gas Reoompressor Discharge Cooler from the Reinjection Surge Drum to the plant

residue header. The liquid injection pumps are equipped with seal failure pressure

switches & linked to the shutdown logic gygtem. The Liquid Injection Pumpg are designed

to the following specification:

Capacity: 7.5 M1/Hr at 72.4 bara

Type: Pogitive displacement pumps



105

ixx,,_ Liquid injection ~pray nozzle

The Liquid Injection Spray Nozzle is design to aerosol the injected liquid to help vaporize

the liquid in the residue gas stream Two injection nozzles are provided so lhat

mairrtenance of a single, nozzle can be performed if required. "Y" type strainc~ with 40

mesh screens are located upstream of the o07.z1es to prevent debris from plugging the

n07..7.1eorifices This type of strainer can be blown cleanwith Qutdisassembly.

NGL product handling

xxx. NGL SlIrge dn.ms

Two NGL surge drums operate as oue and provide some surge (storage) capacity to

continue to run the plant in case of product pipeline or pipeline pump problems. They also

provide positive suction for the pumps. The NGL product from the deethanizer and the

stabilizer bottom product join and flow inlo both NGL surge drums. The NGL surge

drums are designed to the followingspecifications,

Size: 2438 mm I D X 6400 mmSIS

MWP.31 bar at 66°C

xxxi. Produci pipe/me pumps

The two (2) 100"/"capacity pipelinepumps are designed to pump the NGL liquids into the

NorthJSouth NGL pipeline and/or the KailashtillaNGL pipeline The pumps are positive

displacement plunger lype pumps driven by 45 KW electric motors. They are dcsigned for

14,I M'/Hr with 56,5 bar differential pressure. Each pump has double block and bleed

valves on suction and discharge lincs, A pulsation dampener has on both suction and

discharge lines. OveJ1lressure:protcclion for the two surge drums is provided by three (3)

fun flowpressure safetyvalves, set at 31 Bar and exhausted to flarc.

:<xxii Residl/l: gas compres~'Vr,"
The residue gas compressors take suction from the expander compressor common

discharge header in the cryogenic section, at a prcssure of 3805 bar, 30"c and

106,250M'fHR at 16.52 MW. A common \2" suction header is provided for, the five (5)

compressors The five compressors operatc in paranel and increase the residue gas

pressure to 75.5 bar and flows into the 24" North/South gas pipeline,
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The five (5) re.~iduegas, compressor are identical and separate sclf..wntained package

units. They are Atlas Copen industries single stage dual cylinder gas engine driven

compressors driven by CaterpiUargas engines. Each unit has its own lube oil and cooling

water systems and air cooled oil, water and process gas exchangers Each compressor is

rated at 810 horsepower at 1200 RPM engine speed. Each compressor is designed for

21,238M'IHr (20%) of plant capacity. They run in parallel and can he run on governor

speed control, in the 800 to 1200RPM range, or they can be run by manual set of speed.

=xiii. Residue gas syslem and metering

The discharge from the compressors afe collected in a common 12" header with the

fallowing connections:

a A 6" linc with a pressure control valve that is used to recycle gas from

compression discharge to suction to maintainpressure,

IJ A I" line that is used as a sample point to the dehydration outlet moisture analyzer.

When the cryogenic plant is being dried-out, prior to lowering the temperature, this

line is used to determinewhen to stop the dry-out.
CI A 1 112"line that is the expander's seal gas supply source during start up operation.

CI A J" line that connects to the inlet, gas line to the cryogenic plant and upstream of

the inlet filter separators This line is used as the cryogenic plant initial dry-out

recycle line and nonnally for warming the plant to de-rime when necessary

I:J A 12" emergency slrutdown valve: The residue gas compression discharge valve

closes when the cryogenic plant is shutdown via the BSD system

I:J A sample point, that goes to a gas chromatograph to analyze the contents of the

residue gas,
I:J The residue gas header now splits for flow through two (2) identical custody

transfer flow computerized meters on thc main paneL One flow meter is a spare

Flow relay goes to the printer, flow recorders & to the SCADA

o Another residue, gas plant outlet emergency shutdown valve is placed in the 12"

linebefure connecting to the 24" pipeline.
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4.2.7 IFPEXOL Process Plant

IFPEXOL is IFP's trademark for their patented Integrated Functions Processing Expertise,

a process technology which offers a complete treatment of wet, sour, condensable

hydrocarbon gases in a single process unit. It is based on freele-point depression qualities

of methanol-based solvent. Only one IFPXOL process plant is installed in Bangladesh at

Jalalabad gas field.

The briefdescriptiorl of IFPEXOL plant is given below:

4.2.7.1 Process Description

The p~ess serves for Hydrate Prevention, Dew Point Control, Dehydration, Acid Gas

RemovaL Plant consists of the following major components shown in the Figure 4.14

These arc-

a HP separator

a Test separator

a Jnlet gas filter

a MP production separator

a Gas boot

a IFPEXOL contactor

a LIS IFPEXOL pumps

a Gas-gas exchanger
, LT separator

a Gas chiller

a Propane compressor(s)

a Compressor inlet scrubber

a Refrigerant economizer

a Propane scrubber( s)

a Propane condenser & accumulator

a Methanol storagc.

Besides, Instrument Air System, Flare Systcm, Condensate Tank and Pumps, Fuel Gas

System, Waste Water System and Fire Fighting System.
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Flowing from each well arrive at the battery limit via 8 inch pipelines. The line is split and

tic-in goes to a production header and a lest header. The fluids collected in the production

wells header are sent to a HP separator lIP Separator is a three phase separator, The

vessel is designed for a pressure of 1415 Psig and 120 ~ and flow {If 125 MMscfd of gas,

3820 BPD of hydrocarbon liquid and 1250 BPn of free water. Fluids from the test wen

header arc senl 10 the Test Separator. It is designed to handle 50% of the designed flow

rates of the Production Separator.

Gas from the HP Separator and Test Separator flow 10 the Inlet Gas Filter. The filter

coalesces any liquid droplets entrained in the gas. The dry gas from the filter goes on to

the IFPEXOL Contactor, Gas passes up through the comactor and it comes in contact with

the water/methanol flowing down the column. As the gas passes up through the contactor

it strips the methanol out of water. The gas exits at the top of the contactor and pure

methanol is injected into this stream This is done in order to prevent any hydrate

formation further downstream where the temperature will be lowered in order to achieve

the dew point specification, Water collects at the bollom of the column and is drained ouL

The methanol rich gas stream at 1276 psig and 119°F enters the tube side of the Gas/Gas

exchanger where it is cooled to 22°1:' by the counter flow of cold gas on the shell side of

the exchanger. Gas then goes to tube side of the Chiller where the tempenlture is reduced

to 0'1<. At this temperature liquids condense out of the gas stream. The cooling of the gas

in the chiller is accomplished by the evaporating propane refrigerant on the shell side of

the chiller.

The three-phase liquid from the chiller goes to the Low Temperature Separator, In LTS the

gas is separated from the liquids and sent to the gas/gas exchanger, which pre-cools the

mcoming gas, Gas from LTS gets wanned in G/G exchanger and exits at 102°F as the

sales gas

The liquids collected in the LIS are separated by gravity, Hydrocarbon liquid collects in

the shell of the vessel and water/methanol is collected in the boot. Water/methanol

solution is pumped through filters to the IFPEXOL contactor.
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Hgure 4.14 Process Flow Diagram of IFPEXOL Plant at Jalalabad Gas Field.
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Propane, which is l.lsed as a refrigerant to cool the ga, is limited to a closed system Hence

propane loss is negligible other than leaks through the safety relief systems. Propane

refrigerant vapor from the Propane Compressors enters the Propane Condenser, an air

cooler, at around 280 psig and 170°F, Propane is cooled and condensed here, Liquid

propane flows to the Propane Acwmulalor Propane from the accumulator enters the shell

side of the Propane Sub Cooler 1 and it, temperature is lowered to 100°F in the heat

exchange with the cold hydrocarbon liquid flowing in the IL1be side. Propane fi-om here is

flashed 10 5S psig and 33QF. The two-phase liquid enters the Propane Economizer. The

liquid is piped to the Propane Sub Cooler 2 and the vapor is thCll piped to the intcr stage of

the propane compressor. Liquid propane from the economizer enters the shell side of sub

cooler 2 and cooled to 23° F and piped to the Chiller. The gas on the tube side of the

chiller is cooled by the evaporating propane refrigerant on the shell side. The vaporized

propane is piped to the propane compressor inlet.

The hydrocarbon liquid from LTS goes to the Propane Sub Cooler 2, The liquid exits

through the tube side at 23"F After flashing through a valve it goes to the tube side of the

Propane Sub Cooler 1 where it is warmed to WO°F. from here this liquid along

with hydrocarbon liquids from the separators are piped 10 the MP Separator. The gas

from MP separator is used as the main luel gas The liquid from the MP separator is

piped to the storage tanh,

The gas plant has been processing gas between the range 60/130 MMSCFD during its last

one year of operation at Jalalabad gas field Plant operating pressure varied between 1100

and 1200 psig. Low Temperature Separator has been functioning between 0 and-W"F

Water dew point of the sales gas is maintained between 0 and -10"F with water content

ranging between 10°F and 17"F. A comparison ofl. TS temp, water and hydrocarbon dew

point is shown in below-

The sales gas specific gravity varies between 0.579 and 0.604 with the BTU value ranging

between 1045 for the lowest and 1080 btu/scffor the max sp, Gravity value,

lFPEXOL Performance Range:

Water & Hydrocarbon Dew Point:

C02 content in treated gas:

IUS content in treated gas

Methanol content in water out:

down to-IOO"e I ppm water vapor

down to 1000 ppm

V.grain per 100 sci or 3,3 ppm vol

less than 50 ppm
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4.2.8 Glycol Inbydration with Turbo Expander Plant

This process is combination of gas dehydration with liquid hydrocarbon enhance process,

The gas dehydration process is similar to glycol dehydration process. Turbo Expander is

installed for liquid hydrocarbon enhance process. Processing by turbo expander is similar

with Kailashtila gas lield Block diagrams are shown in Figure 4 15.

The brief equipments list of lhis plant, which is installed al Sangu gas fields, is glYen

below:

4.2.8.1 Process I!:quipment

The Chillimpur Gas Plant was constructed by Brown & Root, an affiliate of HER Energy

Inc. The gas lhat comes onshore from the Sangu platform is of high quality and dry but

still contains some water and condensate - hydrocarbon liquid that drops oul of gas The

water and condensate is removed !Tomthe gas stream at Chillimpur and the condensate is

sold to Bangladesh Petroleum Corporation fur refining. The dry gas is being transported

into the 8akhrabad gas line of 8GSL (8akhrabad Gas System Limited). The grid in

Chittagong is connected to the national grid in the north.

Offshore Platfonn Facilities at Sangu are :

[J Wellheads with hydraulic power for actuation of wen valves, ehoke valves and

platform ESDV valves. (Control valves have separate dedicate hydraulic supplies).

[J Test/Production Separation with metering of gas, condensate and water streams

prior to recombination

o Pennanently installed e:<port pig launcher.

o Storage and injectioll of corrosion inhibitor for inhibition in e:<port pipeline.

o HP vent for emergency and manual depressurisation ofplatfoml inventory

o Electrical power generation (diesel engines), distribution and UPS

Q Control and monitoring system (eMS)

o ESD and firc and gas system

[J Telecommunications

[:I Platform cranc

Q MEG injection facilities for start-up

o Local equipment room (1,ER).
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Onshore Facilitie~ consist of a Pig Receiver to handle spheres and intelligent pigs Slug

Catcher removes wet gas and liquid slugs from pigging operations and flow rale ramping.

Gas is processed by glycol dehydration with turbo expander plant. There are two process

train to the plant. Each train has a capacity of260 MMscfd. The major components of the

plant are shown in Figure 4.16. Each process train cons;:;!, the following system and

components:-

o Dehydration knock-oul drum

o Glycol contaclor with gas/glycol heat exchanger

o Glycol regeneration

o Gas.!gas exchangers

o Expander suction k-o drum

o Turbo-expander with parallel j-I valve

o Low temperature separator

Common facilities

o Gas fiscal metering and export

o Fresh TEG storage drum, chemical injection (pH and antifoam) and TEG closed

drains system.

Q Fuel gas system including start-up heater

a HP flare system

o LP flare and combined closed drains

o Instrument/plant air system

Q Condensate stabilization, storage and export system

•
•
•
•
•
•

Condensate flash drum incorporating integral condensate heater

Condensate rundown cooler

Condensate transfer pumps

Condensate storage tanks

Condensate export pumps

lanker loading package

o Produced water treatment system

•
•
•

Produced water sump

Recovered oil pump

Produced water transfer pumps
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• Produced water treatment package (quality < 20ppm of entrained

hydrocarbons)

• Produced water disposal pond and disposal pumps

a Warehouse I laboratory I maintenance facilities

o Main and auxiliary power generation and distribution and ups

u Fire protection systems including firewater and foam

o Control and monitoring system (eMS)

o ESD and fire and gas system

Q Tc!ecomffilmications

lJ Control momllocal eq•.•ipmcnt room
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CHAPTER V

COMPARATIVE STUDY OF THE GAS PROCESSING PLANTS
IN BANGLADESH

The earlier chapters discussed the number and types of gas processing plants currently in

operation in Bangladesh. Each type of plant was presented in detail regarding the

technologies, major components and facilities, and the physical/chemical processes

involved.

This chapter is dedicated for a comparative study among the different types of plants, The

basis of comparison can be a variety of parameters such as, technolo!,,'y,equipment,

process, performance, etc. Tnthis project the followingcomparative studies are conducted:

-For a given type of technology, all the plants are compared on the basis of their

major components and facilities.

-For a given type of technology, the major repairs and replacements for all plants

are compared.
-Performance of the process plant at each field IS examined, and field WIse

comparison is made.

Detail discussionsand summary tables are presented in the next sections,

5,1 Comparisons by Major Facilities and Components

In this section, it is attempted to group the various process plants on thc basis of their

types for rneaningfld comparisons. Comparisons of similar type of plants at variOliS

locations are prcsented as follows:

5.1.1 Glycol Dehydration Process Plants

There are sixteen glycol process plants currently in operation in Bangladesh. The location,

capacity, process and equipment description of these plants are prcsented in section 4.2.1.

A comparative study of aUthcse plants regarding their major components and facilities is

presented as fullows
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Q Glycol eirel/la/ion pllmp~', Plants-I, 3, and 4 in Titas field use gas driven plunger

type "union" pump for glycol circulation. Plants-5, 6 in Tila" plants in Narshingdi,

Saldanadi, Feni and plants-S, 6 in Habiganj field use high pressure glycol driven

four energy exchange type "Kimray" pumps In Titas, plant 7 and 8 (LTS with

glycol injection), electric motor driven pumps are installed. The perfonnance of

glycol driven fOUf energy exchange type pump is beller than other types of pumps

with respect to maintenance and service.

lJ Glycol filters. Two type of glycol filters, namely carbon and soak filter, are used in

Titas plant&-4 and 5, Rashidpur and Feni process plants. The other glycol

dehydration and LTS with glycol injection plants in the country use only one type

of filter, either carbon or soak. The sock filter removes solids and a carbon filter

absorbs small amounts of hydrocarbons that may build up in the circulating glycol.

Using both type of filters is more effective and prefenmle.

o Glycol separator. Three phase nash separato!> are installed in most of the glycol

plants in the country However, such separators are not installed at Norshigdi, and

Habiganj plants 5,6, All of the glycol three phase flash separators are horizontal

type except for Feni field, where it is of vertical type,

o Knock--oul separator: Horizontal knock-out separators arc installed in the plants at

Titas and Habiganj, Rut in the plants at Saldanadi and Norshinghdi, vertical knock-

out separators are installed,

In Feni field, Knock out separator is an integral part of the contractor tower. There

is no individual knock out separator, The lower portion of the glycol contractor

acts as a separator,

Q SUTRe lank and Heal exchanger: Glycol surge tankJaccumulator and glycol-glycol

heat exchanger are separate vessels in Habiganj plants 3,4,5 & 6, Norshingdi plant

and Titas plants. But at Saldanadi and Habiganj plants 1,2 and at Felli field, the

surge tanks act as Shell Tube Heat Exchangers. The surge tank acts as the shell

side, while the accumulator and tubes inside the surge tank act as the tube side of

lhe heat exchanger.
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Gas-glycol heal exchangers are installed in Feni, Rashidpur and Habiganj plants 5

and 6, Dry gas from the top of the glycol contactor flows through this heat

exchanger "Thiscools the incoming dry glycol to increase its absoJ1ltion capacity,

and decrease its tendency to flash in the conlactor and be lost to the dry gas.

o Cooler: Only air-glycol cooler was installed at Feni. The high temperature of

glycol may damage the different seals of glycol circulation pump.

The natural draft air cooler with a vapour drum is installed in Norshigdi, Habiganj

piants 5 and 6. Other plants do not have this facility, which achieve the optimum

recovery of condensate/water vapor from glywl regenerator/still column of the

plants. Feni field only has a cooler hut no a vapour drum.

Table 5.1 shows the comparison of the major facilities and equipment of glycol process

plants in Bangladesh.

5.1.2 Silica Gel Process Plant

There are eleven silica gel process plants currently in operation in Bangladesh. The

location, capacity, process and equipment description of these plants are presented in

section 4.2.2. A comparative study of all these plants regarding their major components

and facilities is presented as follows:

Q Cooler: Regeneration gas-water coolers are installed in the silica-gel plants of

Bakhntbad and Sylhet Gas Fields. But in other silica-gel plants, regeneration air-

gas coolers are installed. Operation of gas-water cooler requires other accessories!

facilities. Operation of air-gas cooler is simple, not depending on other accessories

except supply of electricity

In the regeneration air-gas coolers at Bakhrabad, tube-fins are installed below the

fan. In other fields, tube-fins arc installed above the fan.

[J Valves: In Bakhrabad Gas Field, butterfly valves are used in the tower manifold.

But in the other fields, orbit valves are used in similar plants.
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Table 5.1: Comparison of Equipment among GI~'col Plants in Bangladesh

Installed ~" I Horizontal =H I Combind with accumulator = C I rour energy exchange

Not installed = X Vertical = V I Separate from accumnlator = S I glycol driven = F

Field & Plant Feni Habiganj Narshigdi Rashidpur Saldanadi Iitas
Equipment Plants 1& 2 Plants 1 to 6 Plant I Plant I Plant I Plants 1,3,4,5 & 6

Water bath Status X ,
heater TYP" ~ H H H II H

Knock out Status X , , , , ,
separator TYP" ~ H V H V H

Remarks Lower portion of the glycol tower acts as a separator in plants I & 2 of Feni

Gas-glycol Status X It(4) ~&6) X ., X X
exchanger T , Shell & tube - Fin tube - - ~

Remarks Gas I col heat exchan er is installed onl 10 lants 5 & 6 in Habi an' field.
Sales line Status

~ H ~ ~Ub!e tUb~
X

scrubber/Filter T , ~ H
separator Remarks Common scrubber for all~ants in Iitas and Habi an'
Glycol flash Status "I1t04 X5&6
separator T , V H ~ H H H H

Glycol/Glycol Status , 1,2,5& 5 "13&4 ,
heat T , C C S 5 C C 5

exchanger Remarks Surge tank act as the shell side of exchanger in Saldanadi, Rashidpur, Norsrungdi, Feni and Habiganj (Plants I, 2, 5
&6'_

Surge tank I Status 1,2,5& 5) (3 & 4 V

Accumulator T , C C S S C C 5
Remarks Accumulalor act also shell side of -coil I col exchan er in combine case. --<



Table 5.1 (Continued): Comparison of Equipment among Glycol Plants in Bangladesh

Field & Plant Feni Habiganj Narshigdi Rashidpur Saldanadi Titas
Plants 1& Z Plants I to 6 Plant I Plant I Plant I Plants 1,3,4,5 & 6

Equi ment
Status , , ,

Glycol !liter Type Soak & carbon Soak Soak & So", Soak (1,3 Soak S~:~&
carbon &6 carhon 4 & 5)

Status , , , , ,
Type F 1,Z}& 61

D~:I pump F F F Plunger p~:np F (5 & 6) I
3 & 4) (1,3 & 5

Glycol pump Remarks In Habiganj Plants 3 &4, tv-o gas driven pump are used. One to pump rich glycol to regenerator, and another for
sur 'e tank to contractor

Air/Glycol heat Status , X X X X X
exchanger Typ< Fin tube - - - - -

Vapour drum, Status X X (I to 4 v 5& 6 , X X X
Nalllral draft Remarks Arial cooler is installed instead of Vapour drum and Natural dnlft air cooler in plants ofSaidanadi and ~arshingdi
air cooler

Status , , , X X
Fuel gas Type V V Drip pot - - ~rip ~~~ V (5 & 6)
scrubber 1.3&4

Remarks Common in lants for 1 to 4 ofHabi an' field.

~
No
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I:J OperatlOlI cycle: The plant of Bakhrabad is the only one which has provision for

processing in both "Closed Cycle" or "Open Cycle" operation. Plants in others

fields have provision for only "Open Cycle" operation, Under "Closed Cycle"

operation, a nominal improvement in the hydrocarbon liquid recovery is possible.

Q Separator: Horimntal knock-out separators are installed in the silica-gel plant of

Rashidpur Field, but the rest or the silica-gel plants have vertical type knock-out

separato~.

In Fenchuganj and Beani-bazar, only one knock-out separator is installed for

multiple wells, Other silica-gel process plants have individual knock-oul separator

for each well.

a Well controller: In RashidpuT, the plant has a well controller which automatically

controls individual well flow with respect to total flow. Other plants do nOI have

this provision.

Table 5.2 shows the comparison of the major facilities and equipment of silica_gel process

plants.

5.1.3 C,.eneral eomparisons

Following comparisons can be made among different types of plants:

o S<!parator, Only LTS and LTX type plants have the Knock out separators

insulated. whereas in the other types of plants, they are not insulated. Temperature

of knock out separator, in the LTX and LTS plant is lower than ambient

temperature The vessels are insulated to reducc heat loss.

Knock out separator ofLTS plant 9,10,11 & 12 in Titas are horizontal but in LIS

plant 7 and 8 in Titas, they are vertical.

o [1/,~1romentallOn: In the LTS, LIX and Glycol plants, dry natural gas is used for

operating the process instruments. In the other plants, dry air is used instead. Using

dry air enhances tbe life of instruments and cause less troublc.



Table ~.2: Comparison of Equipment among Silica Gel Plants in Bangladesh:

Legend: Installed =.,j I Horizontal = H I Forced draft fin tube = F
Not installed = X Vertical = V

Field & Plant Bakhrahad Beaniha~ar Fenchuganj Kailashtila Rashidpur Sylhet
Equipment Plants 1 to 4 Plant I Plant 1 Plant 1 Plants 2. 3 & 4 Plant 1

Inlet air cooler Status X 1 t03) (4) X X X X X

Type - F - - - - -
Remarks Recently inlet air cooler was installed in plants I to 3 ofBakhrabad field.

Water bath hearer StalUs ,
Typ' - H H H H H

Remarks Common water bath heater for plants 3 & 4 of Rashid pur field

Knock OUI Status , , , , ,
separator Type V V V V H V

Remarks Lower portion of the glycol tower act as a separator in plants I & 2 of Feni

First stage Status X X X X , X

scrubber I Typ' - - - V -
senarator

Regeneration gas Status X X X X ,
water cooler T , - - - - - H

Booster Status X X X X X
compressor To - - - -

Remarks Due to this com ressor lants I to 4 ofBakhrabad field can be 0 erated bv closed c cle mode.

-
~
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a Fifll:r/Scruhher: All the silica gel plants use filter separator/scrubber before sales

linc In the MSTE plant, the stabilizer acts as the sales line scrubber. All the plants

of Tit~ and Habiganj have common scrubber, but other plants in differenl fields

have no a scrubber.

5.2 Major Replacements and Repairs

There are some fCb'lllarmaintenance and replacements common to aUplants. These arc-

o Seat-plug, ball, gate and diaphragm of dilTerenl types control valve, globe valve,

gear valve, ball valve, butterfly valve I'll'. are required to be replaced after 2/3

years. Valves are replaced every 10/\2 years.

a Nozzles, bellows. relays, bourdon-tubcs, diaphragms etc. of the controllerl

positioner! regulatorl transmitter arc required to be changed every 4/5 years. Whole

assembly should be replaced after 8/10 years,

D Pressure gauges & temperature gauges are replaced every 213years

Major replacements and repairs at different types of process plants are listed below. The

field names for each type of plant appcar in alphabetical order.

5.2.1 Glycol Dehydration Plant

Habil!:anj Gas Held

Q Revamping works of plants I & 2 were earned out In 1985 including the

following:

-Installation of a 3-phase horizontal flash separator in place of a vertical separator.

-Addition ofa charcoal filter.

o Degraded glycols were replaced in plants I & 2 i~ 1988, 1990 & 1993 During

Glycol replacement, each plant was shut down for 5 days.

D Glycol flash separator and glycol-glycol heat exchanger of plants I to 4 are

required to clean after every two/three years

D Glycol pump oFthe glycol plants I to 4 are required to repair after every 3/4 years
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Norshigdi Gas Field

Q High pressure gas gathering lines well head to knock out separator of well was

replaced in 2003 due 10 internally eroded.

Q Pressure control valves (PCV) of plants was replaced.

Cl Degraded glycol was replaced in 2004.

Saldanadi Gas .'ield

o Horizontal knock-out separator of glycol plant was replaced by vertical one in

2000,

o Gathering line of well 2 was installed with well I io200\.

o Degraded glycol was replaced in 2002 & 200S.

Q Glycol filter cartridges were replaced in 2002.

Q New glycol pump was installed in 2003,

o Pipe line was prepared for gas generator in 2003

~ The glycol flash separator and re-boiler were cleaned in 2004.

a The downcomer of reboiler was repaired in 2003,

Tilas Gas Field

o Bllhble trays of glycol tower Plants 1& 3 were repaired in 1977-78.

Q Glycol-glycol heat exchanger of plant, 1),4 & 5 arc required to clean after every

two years

Q Re-boilcr fire tube of glycol plant, I & 3 were repaired in 1978-79,

Q Plunger type glycol pl.1mpof the glycol planls I & 3 are required 10 repair after

every 2/3 monlh,

Q Well head 10 inlet heater pipe lines of glycol plant, ] & 3 were replace(l two time,.

Q Pipe line to common headcr to well-5 was repaired in 1985.

Q Tube of glycol-glycol heal exchangcr of plant 7 was replaced in 2003.

!J High pre,sure gas gathering lincs (well head 10 commun header) orwell-I, 2, 3 &

6 were replaced in ]999 due to internally eroded

Q Inlet control valves (peV) of plants 3 & 5 were replaced.

Q Well head to knock-out separator pipe lines of glycol plants 4,5 & 6 were replaced

two times.
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5.2.2 Silica Gel Dehydration Plant

Hakhrabad Gas Field

o Tube of regeneration gas-gas heat exchanger of silica gel plants was replaced in

1998.

Q Regeneration gas-water cooler was repaired in 1992 and replaced in 2001

!J Sand collector separator was installed in well 8 in 1999_

a Two inlet cooling fan were installed in trains AlBIC in silica-gel plants from LTS

plant 10 of Tilas Gas Field

o Silica-gel oUrains A, D, C & D was replaced in March 91, January 94, i\llgust 91

& May 97 respectively

a Due to the decline orwell head pressures, Pressure control valves (peV) ofwell-],

2,3,5 & 7 were removed during the period May-November, 1997

o Three water bath heater of Bakrabad gas field OUi off OUT were relocated to Beani

Bazar, Habiganj & Meghna gas fields at different limes

o Tubes of Heat Exchanger of train D were replaced in August 98.

o A free liquid knockout separator was installed on the flow line of well- 8.

o Gas-water Heat Exchangers of trains A & C were repaired in July 91 and

September 92 respectively, The same of train B was repaired in June 91 and

March 95.

Q Cracked fire tubes of oil bath heater of t~ain A were repaired in November 93 &

November 94 and thaI of train B was repaired in August 94 Also the cracked fire

tubes of train C were repaired in Decembcr 94 and March 93.

o Rcgcneration Air Cooler Heat Exchanger of lrain A was repaired in June 94 and

February 95.

Rashidpur Gas Field

Q The silica gel of old plant (70 MMscfd) was changed of Rashidpur Gas Field in

2001

Q Tube of regencration gas-gas heat excahanger of silica gel plants was replaced in

1998,

Q Pressure control valves (peV) ofwell-l,2 & 3 were replaced two times.

Q Tubes of Heat Exchanger of old silica gel plant were replaced in 98,
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Sylhet Gas Field

Q Regeneration ga:;-water cooler was repaired two times.

a Silica-gel of dehydrator was replaced three times.

(] Inlet choke valve of the well was repair several times and replaced two times,

o Gas-water Heat Exchangers ufthe plant was repaired in March 89 and October 98

respectively,

a Regeneration gas healer, air cooler & cooling gas cooler were repaired few times,

5.2.3 Low Temperature Separation (withlwithout Glycollnjeclion) Plant

TilliS Gas Field

o Temperature controllers of three way pressure control valve of different LTS plants

was replaced ,cvera! times.

o Tube of glycol-glycol heal exchanger of plan! 7 & 9 was replaced in 2003

o Pressllre control valve ofL TS unit was replaced in 1999

Q Tube afinlc! air cooler ufthe LTS plant 7 was repaired in 2001, 200.1 and the

cooler itself was replaced in 2004.

o Inlet air cooler of LTS plants 9 & 10 were replaced 1991, 1998 & 2004

o Inlet control choke valves (peV) of plant -9 & 10 were replaced.

Q Cracks developed in the fire lube of reboilers at plants 7 & 8 were repaired

Q Leaking tubes of inlet air coolers ofplanls-7 & 8 were repaired several times,

Q High pressure gas gathering lines from wen head to plant inlet orwell 7 & 8 wcrc

replaccd in ]999,

Q HP gas gathering lines from common header to plant inlet of wen 9 & to were

replaced in 1999.

Q Viewing frequent recurrence of leakage in inlet air cooler; were subsequently

replaced. Leaking tubes of inlet air coolers of plants 9 & 10 were repaired several

times,
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5.2.4 Low Temperature Edraction Plant

Meghna Field

o Heat Exchanger of unit 1 ufL TX plant was replaced in 1981 and thai OfUll;t 2 was

replaced in 1983 & 19R4,

!J Heat Exchangers of bOlh lmits (unitl&2) of LTX plant were repaired at Titas

workshop

a Pressure control valves (reV) of both plants were replaced few times.

5.2.5 Other Types of Plants

IJ The molecular sieve ofKailastila plant was changed In 2001

a The bubble trays of de--ethanizer ofKailastJla were replaced in 2001

Q Separate oily waler separator was installed for well 4 of Kailai;tila Gas Field in

]999,

o The knock out separator ofJalalabad plant was replaced in 2005

o Roiler tube of old fractionation plant in Titas was repaired in 1998, and was

replaced io 1999.

a Boiler tube of new fra,,'tionation plant in Titas was replaced in 2004,

5.3 Perfonnance of Process Plants in Differenl Fields

All of the installed plants in Bangladesh achieve a very good spedfication depress below

the dew point even in the case of mo~t old plant The older processing plants cannot

handle the name plate gas flow rates and the separation of liquefiable He is nOl

satislaetory, leading to condensation of remaining liquefiable He inside the transmission

lines On the other hand, the pressure and temperature of the wellhead gas are significantly

different from thosc used in the design of the process plants, With the depletion ofreserve

the gas composition has also changed, which affects the plant perfonnanee due to phase

behavior.

The common problem in mosl of the plant in differenl gas fields is the lack of vapour

recovery systems on condensate production. The liquids are not stabilized before being

sent to the stock tank. Stabili7.ation involves heating the liquid to a temperature above that

which they will be stored before cooling in order to minimize vapour loss ITom the storage
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tank The process scheme high pressure (1000 p~i) liq•.•id streams arc combined at the inlet

of the 40-90 psi flash separ31or. After this flash, they are then combined with the low

pressure liquid streams and sent to the atmospheric storage tank where the liquids arc

flashed again, This final flash strips the lightest componenls, which, ill tum, "drags" some

of the heavier components as well, thus contributing to liquid loss, Further loss occurs as

the tank "breathes" as liquid level:; are varied with shipping to and from the tank.

No vapour recovery systems are installed on the condensate stock tanks, caus"'g

weathering and loss of product to the atmosphere. Installation of pressurized storage tank

may increase the liquid hydrocarbon recovery but in this case the condensate can not be

carried in conventional tankers. Pressuri7.ed tanker will be required, which is not feasible

currently. Intruducing a vapour recovery system in a low capacity tank may not be

feasible, but all large storage tanks for condensate product should be upgraded to

incorporate vapour recovery systems Besidcs, installation of natural draft air coolers llfld

vapor drums etc. may be able tu enhance recovery of condensate/water vapor from glycol

regenerator/still column of the plllflts.

In most of the plants, salcs line scrubber are not installed, which is needed to finally

remove the dust, liquid hydrocarbon, water or other undesirable foreign particle for supply

of clean gas

Tn several fields, water handling llfld disposal facilities are not sufficient. Handling,

processing and disposal of produced water will require installation of appropriate facilities

including tanks, filtration systems and transfer pompi

Though all of the fields meet efficiently the sale:. line specification but in the respect of

liquid hydrocarbon recovery all the proccss plant arc not appropriate for processing of raw

gas frum well.

The process performance at each field is presented next, Following discussions mainly

focus on the ability to depress the dew point, i,e" the ability to remove entrained water and

the effectiveness of the hydrocarbon recovery system. The problem of produced water

handling is also addressed. In addition, ideas ahout enhllflcing hydrocarbon recovery and

overall process improvement are sugge~ted where applicable. The field names appear in

alphabetical order.
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5.3.1 Bakhrabad Gas Firld

The gas process facilities consist of four 60 MMscfd Silica-Gel Dehydration trains. The

average gas composition from the Bakhrabad Sands contains approximately 97.5 percent

methane and ethane with only a small amount of recoverable C5- liquids. With the silica

gel towers operated on a short cycle, (approximately 30 minutes) the process can recover

some hydrocarbon liquids. Historically the Silica gel process achieves a very good

specification on dew point but plant has never recovered much more than approximately 2

bblfMMcfliquid hydrocarbon. When the field was processed by Glycol plant up to 1986,

the average condensate recovery rate was 0.834 bbllMMcf, in the case of silica gel it was

1.45 bbl/MMcf (average). So, silica gel process seems to perform better than a glycol plant

with respect to hydrocarbon recovery, The plant design predicted liquid recovery

exceeding 6 bbllMMcf. Since the average flow rate for each train is Jess than the design

rate, cross-sectional considerations and velocity through the silica gel adsorption lower

should not cause the loss in efficiency. At least four possibilities exist which could explain

the Joss in planlliquid recovery efficiency. These are:

i) Inlet temperature: Inlet feed temperature to the process significantly higher than the

temperature presumed in the design, (I23°F versus 150°F). The higher inlet temperature

acts to reduce the volume of liquids adsorbed 011the silica gel, thereby reducing the

volume of liquid, which can be recovered. This issue was addressed during design of the

fourth train in,taHed in 1989, where a fin-fan cooler was installed upstream of the process

to pre--cool the inlet gas stream. Inlet cooling ofthe produced gas prior to processing is an

effective means of improving liquid recovery. Recently, two old fin-fan cooler from

installed in two trains from Iitas Gas Field,

il) Stock tmlk deSI);:", No vapour recovery of stock tank vapours causing weathering and

loss ofproduCl to atmosphere.

iii) Operation cycle: Under "closed cycle" operation a nominal improvement is possible in

the hydrocarlx/ll liquid recovery. The compressor for the regeneration gas was often not in

operation during this time consequently the process could not be run on a "closed cycle",

iv) Gas composition: The gas composition used in the design differs lTom "averaged"

compositions from all gas sands produced to the plant.
,
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Theoretical volume of liquid which could be recovered and stored ill an atmospheric

storage tank (C,,) is 4,8 bbllMMcf II is estimated that the process recovery efficiency

coupled with the inlet temperature of the gas and the lack of a vapour recovery system will

limit rccovery to approximately 3 barrelsIMMcfd (almost entirely C,..). Fluid composition

of well C, ranging from 93.6 to 94.0 percent and C2 to C4 percent is higher than C,., But,

The silica gel system to effectively recover more than the elf components and some small

quantity of the e3, and C•• components for. If the cycle time set vel)' short light

hydrocarbon can be recover but it effect the dehydration of gas. So for recover of light

hydrocarbon this process is not appropriate For maximum potential recovery if the turbo

expander process applied would be 13.3 bbllMMcf, which is mixture of c.,~ and higher

hydrocarbon.

The turbo expansion process could make use of the existing dehydration fucilities if they

were used for water removal by silica gel pl1X'eSStrain would operate on a longer cycle. The

inlet pressure to the turbo-expansion process is typically operated in the range of 600-900

psi, Now the pressures of the various gas sands are decline to plant design inlet pressure.

At that point in time, booster compression can be added to raise the pressure 10 the desired

inlet pressure. This booster compression may be powered off the turbo-expander itself.

In a Bakhrabad Gas Field, there are sufficient wells and process capacity to deplete the

reserves in Bakhrabad consequently no conceptual facility plan is required for this field.

The leasibilily of reducing the inlet pressure to the plant and installing inlet booSler

compression should be re-evaluated.

5.3.2 DeaDi Bazar Gas Field

The Silica gel process has been able to depress the dew points lower than the sales line

specification and average condensate recovery 1699 bbl/MMSCF. For higher GOR some

times the plant can nOl properly handle liquid hydrocarbon recovery, over flooding of

hydrocarbon in the silica gel bed liquid hydrocarbon mixed with outlet gas of dehydrator.

The Upper and Lower Gas Sand contain a lean gas with a liquid-gas ratio of 13.2 and 15 7

bbl!MMscf at field separator conditions. By introducing process facilities the recovery of

condensate is slightly enhance with respect to field separator conditions.
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The gas compositions for Kailashtila and Beani Bazar are very similar, In fact Beall; Bazar

has a sightly higher mole fi-action of heavier components than does Kailashtila., therefore,

the installing liquid recovery must be equal or better than for Kailashtila. Due 10 higher

GOR the silica gel plant not handle below Cj> at all and small portion of C5+_ So for

enhance recover of hydrocarbon turbo expander process would be applied like Kailashtila.

Already, development project is being financed through floatation of a bond by SGFL to

install a new MSTE process plant in this field under progress.

Vapour recovery of production lank/stock lank was not installed in the plant, which affect

the vapour loss from the tank. More over flashing of condensate affect the 105s of light

hydrocarbon.

5.3.2 }'enchuganj Gas Field

Silica gel plant was installed in June 2005 and operation staned on September 2005, The

plant is now under warrantee period, some troubleshooting, changing of process

parameters/operating condition affects the performance of this plant. It will need about a

year of operational data before any conclusion be made on its perfonnance. But for now,

the plant appears to meet the sales line conditions Production from Fenchuganj well 2

staned on 22 May 2004 from Upper gas zone by the installation of interim production

facilities In a testing report GOR in Upper zone was near about 0 6 bbllMM:sd and but in

the interim facilities it was 0.3 bblfMll.1scf In this plant the GOR slightly increased and

became 0.4 bbllMM:scf

5.3.4 Feni Gas Field

Feni-l was processed by LTX unit, up to 1995 GOR was 2.5 bbVMMscf (separate

condensate data available up to this period), After production ofFeni-1 & 2 by both LTX

and silica gcl plant GOR was 2.16 in the BGFCL period. In the case of new glycol plant,

GOR is 1.47 bbVMMscf In view point of liquid hydrocarbon recovery, performance of

LTX is preferable,

5.3.5 Habiganj Gas Field

There are six glycol dehydration plants in this field. Based on compatihility with installed

plant facilities and phased development in which process demand is added in stages over

time, the Tri-Ethylene Glycol (TEG) absorption process is the most attractive processing
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scheme Water dew point control is the only processing requirement to meet sales gas

spcdfications for production from Habiganj Gas Field, Plants-l & 2; 3 & 4 processing

capabilities have been considerably decreased to each 45 MMscfd and 65 MMscl1;ldue to

continuous operation fur 23 years and 19 years respectively.

Two new Glycol planl 5 & 6 are equipped with natural draft air cooler, vapor drum and a

vent stack are used for optimum recovery of condensate/water vapor from glycol

regenerator/still column oflbe plants which reduce the some hydrocarbon vapour loss_

Up to August average GOR is very low 0.053 bbllMMscf Fluid composition of this field

above C) is nearly zero, and below C) arc no! recovered by the glycol plant and

atmospheric storage tank So, there are insufficient hydrocarbon liquids in the production

from Habiganj Gas Field, Installation of a high efficiency liquid recovery scheme such as

refrigeration or turbo-expansion plant with pressurized storage lank may increase the

liquid hydrocarbon recovery.

The existing facilities have no provision fnr handling significant volumes of free water

prod •.•ctioll. lfwater brcak through from the reservoir, the facility cannot handle this water.

5.3.6 Jalalabad Gas I'ield

Apparently IFPEXOL process is tailor made for a wet and sour gas. This process generally

has 2 parts: IFPEX-l for condensable hydrocarbons and water removal and IFPEX-2 for

acid gas removal and recovery. Both of these criteria are missing at lalalabad. Water

content in the gas is very negligible. Average water content is about 0.2-03 bbl per

MlvfSCF of gas. The gas doos not have any significant amount of CO, and H,S is

completely absent.

The process has been able to depress the dew points much lower than the required values

Condensate recovery ranges between 9 10 16 bblIMM:SCF. But water exiting the

Contactor often contains much more methanol in it than what the JFP assures. The water

contains about 7-9% of methanol in it Average methanol loss per day is more than 10 bbL

By compare the price ofmethallol and cOlldensate, the recovery figure is nOI allractive. So,

should be reducing melhanolloss. The process may be economic when both wet and sour

gases arc processed coupled together.

Propane, which is used as a refrigerant to cool the gas, is limited 10a closed system Hence

propane loss is negligible other than leaks through the safety relief systems.
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5.3.7 Kaillistiia Gas Field

The process has higher recovery levels than any other recovery process in Bangladesh

Typically it recovers up to 85% of the ethane, 100% of the propane and 100"10 of the

butane and heavier hydrocarbons.

Reducing the temperature at which separation occurs still lower using the turbo-expansion

Joule-Thomson (1-1) valve expansion process will condense still greater amounts of

liquids and slj]] lighter hydrocarbon components from the inlet stream. The temperature of

separation has been set to approximately _100°F effectively reducing the sales gas contains

a two component methane ethane ,Iream In the sales gas methane and ethane mole

fraction is 99.48% and only a trace of propane. The sales gas gross heating value is 1020

Btu/sef excluding inert, which is higher than the 950 Btu/sci" frequently specified as a

minimum in a typical ~es gas contract.

When the field alone processed by silica gel plant average GOR 10.5 bbV.MMscfbut in the

MSTE plant can recover more than double condensate (heavy condell.'late and NGL)

(GOR > 20 bbl/MMscf). Even significant quantities of light hydrocarbons in the C)-Cs
range are lost during the flash at 125 psig and weathering in atmospheric storage.

A simple flash calculation was run using HYSfMTI", a proprietary process simulation

package by Hyprotcch Ltd., to detennine the incremental achieved by dehydrating the gas

so the gas stream could he e"Fanded and chilled to its maximum. The simulation result

shnws a recovery of approximately 1<) bbl/MMCF (TKM Report). Compared to the

existing process recovery mte is similar.

The plant cannot recover more NGL Ethane content in NGt are flaring due high content

of ethane in NGL can effect the processing of LPG, and fractionation of NGL. For reduce

the content of ethane turbo expander are always not involve in operatioll, most oftbe lime

use J-T valve which reduce the recovery of liquid hydrocarbon.

Take appropriate policy to SlOPthe flaring of ethane and proper utilize of turbo expander

for enhance of liquid hydrocarbon recovery in Kailastila field Installation of another

MSTE plant in Kailastila is under procurement process for two new development drilling

(KTL-5 & 6).



134

5.3.8 Meghna Gas Field

The plant was originally installed al Titas field in 1969 and subsequently relocated to Feni

in 1991 and Meghna 101996.The plant was originally installed at TillISfield in 1969 and

due 10 continuous operation since installation the efficiency of the plant has been

decreased. Presently processing capacity of each plant is limited to 15 MMCFD (design

capacity 20 MMcfd)

The gas composition contains 98 mole% methane and ethane, with only a sman amount of

recoverable Cl+ liquids (less than 3 bblfMMscf).Raw gas of Meghna field was processed

by LTX unit. Upto August 2005, average GOR is 1.54 bbllMMscf where in a feui field it

was 2,5 bbllMMscf in the same plant. Compare \'lith respect to composition of two field,

penorrrumceofthe plants are satisfactory.

5.3.9 Narshingdi Gas Field

Historically the Glycol process plant has recovered much more than approximately 2.25

bbl/MMcf liquid hydrocarbon. Gas composition contains over 97 mole"10methane and

ethane, with a significant amount of recoverable C5> liquids (almo~19 bbllMMsct). The

reservoir fluid contains a larger percentage of c,+ which is consistent with testing results

in which the condensate.gas ratio was found to be 2.5 bbfi'MMscf Due to continuous

operation since installation the capacity of the plant has been decreased from 60 to 40

MMocfd

With respect to the recovery of liquid hydrocarbon the plant is not efficient. The fluid

compositions of this field nearly similar to Kailashtila gas field For enhance recovery

installation of a high efficiency liquid recovery scheme such as refrigeration or turbo-

expans1Qnplant with pressurized storage tank may increase the liquid hydrocarbon

recovery.

5.3.10 Rashidpur GllS Field

An advantage of the dry bed (silica gel) desicx:antsystem is that it can dehydrate the gas of

water and rocover hydrocarbon liquids simultaneously Cycle time must be kept short, in

the range of 30 minutes to keep the hydrocarbons in the bed otherwise only primary
dehydration will occur. Hydrocarbon recovery is limited, (at best) to a small amount ofthe
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butanes and 75 to 90 percent oflhe C5+ Theoretically, 2 3 and 2,8 bbVMMcfd condensate

could be recovered from by the present facilities but practically average GOR of the all

plant is 1 42 bbllM1hcf where for glycol plant GOR is 0.316 bblJMMscf. With respect to

glycol plant, silica gel is beller r;x;overy, A more precise estimate of the hydrate formation

temperature was obtained using the HYSlM computer process simulation package the

mole fraction urIbe C,+ \0 0.0070, whIch translates to maximum theoretical total liquid

potential of 5,9 bbllMMcf

5.3.11 Saldanadi Gas !<'ield

The water vapor can be condensed in an aerial cooler and TOl.ltedto the produced water

treating system 10 eliminate any potential atmospheric hydrocarbon emission. Bl.lt the

waler vapor e>:citing the top of the stin contains a small amount of volatile hydrocarbons

and is normally vented to atmosphere. If natural draft air cooler, vapor drum are used, can

help to reduce the some hydrocarbon vapour loss for optimum recovery of

condensate/water vapor from glycol regenerator/still column of the plants,

High inlet temperatures pose efficiency problems for both the TEG absorption process. Tn

the case of glycol dehydration, elevated inlet temperatures mean increased water vapour in

the gas stream. This higher loading on the glycol system results in reduced liquid recovery

efficiencies. The installation of fin-fan coolers upstream of the process to pre-cool the inlet

gas streams The efficiency of the plant has been decreased tol8 MMcfd (design capacity

20 MMcfd)

To maintain temperature of glycol maintain is difficult sometimes, in a Surge Tank ,",'Urn

heat exchanger due to the absent of air-glycol cooler which was installed in Feni glycol

plant installed by Niko, The high temperature of this glycol may damage the glycol

cireulation pump

5.3.12 Sangu Gas Field

For the mechanical problem of turbo expander, most of the use J-T valve which reduce the

recovery of liquid hydrocarbun, The process has been able tu depress the dew points, and

delivery gas maximum water content maximum 1.5 IbslMMscf much lower than the

required values, but the content of liquid hydrocarbon nearly the specification value 1,8

US gal/MMscf So, recover of hydrocarbon enhance by operate the turbo expander by

proper maintenance
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5.3.13 Sylbet Gas Field

Raw gas is processed this oldest silica gel process plant. Still now the plant can achieve a

good specification of the dew point and recovery of liquid hydrocarbun last year is 3,62

bbllMMscf where historically it is 3,J bbllMM sef (average up to August 2005). It's

indicating the consistency of the plant after long period of operation. DllC to continuous

operation since installation the efficiency ufthe plant has been decreased

5.3.14 Tilas Gas Field

Three different gas processmg schemes have been implemented among the eleven gas

production streams at Tita, Gas Field. Tri-Ethylene Glycol (TEG) Ahsorptioll, Low

Temper3lure Separation without hydrate formation (Ll'S) and Low Temperature

Separation wilh hydrate formation (LTX), under the appropriate operating conditions, are

effective processes for hydrocarbon and water dew point control, with some potential for

recovery of condensable hydrocarbons. There ability to provide sales gas, which meets

both hydrocarbon, and water dew point specifications. Processing capabilities have been

decreased to 45-50 MMscfd due to continuous operation of 15 to 35 years of plants-I,

3,4,5,6,7,8,9 and 10,

Production of condensate vanes depending on the process facility. The glycol dehydration

process (TEG) on wells TT"I, TT-3, TT-4, TT-5 and TT_6 has perfOrmed consistently

near the average of 130 bbl!MMsef The LTX process installed at TT-2 has a higher

recovery efficiency producing approximately I 9 bbJlMMscf The low temperature

separation process (LTS) on wells TT-7, TT-8, TI-9 and TT-IO has proven only slightly

more efficient, averaging 1.39 bbl/MMscf Clearly, at 210 bbllMM'scf, the low

temperature separation process &-(LTX) on well TI-2 has demonstrated significantly

higher performance

Based on the liquid hydrocarbon potential of the representative gas composition for Titas

Gas Field shown in Table 5.4, theoretical liquid recovery in the 2.0 to 2.5 bbllMMscf

range might be expected for these gas processing facilities installed at Titas. Historically,

the overall field average is 1.45 bbJIMMscf, with individual wen liquid recoveries

reported in the range of 1.25 to 2 10 bbllMMscf
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The possible reasons for less recovery liquid recovery are as fellows,

i) Sinck tWlk desixn: No vapour recovery systems are installed on the condensate stock

tanks, causing weathering and loss of product to the atmosphere. Further loss occurs as the

tank "breathes" as liquid levels are varied with shipping to and from the tank.

il) IlIlet temperature: i\ significant difference exists between the actual gas stream inlet

temperatures to the processing plants and the temperature used for design. High inlet

temperatures pose efficiency problems for both the TEG absorption process and low

temperature separation. In the case of glycol dehydration, elevated inlet temperatures

mean increased water vapour in the gas stream, This higher loading on the glycol system

results in reduced liquid recovery efficiencies, The LTS and LTX processes are based on

the temperature redllction of the gas stream associated with the significant pressure drop

taken through the plant and the installation of fin-fan coolers upstream of the process to

pre-cool the inlet gas streams for wells TT-7, TT-8, TT -9 and TT-IO should afford a better

opportunity to recover liquids. Therefore, liquid recovery efficiencies are directly

dependent on the inlet temperatures the lower, the belter

iii) (ja; compositio/l: The composition used in the design may differ from the individual

gas ~treams being produced from the various sand groups.

Theexisting glycol circulation pumps on process trains TT-I, TT-3 and TT-4 are

plunger type reciprocating pumps, which were leaking Si,,"1ifieantamounts of glycul, Both

for safety reasons and operational efficiency of the glycol dehydration systems, these

should be replaced by more reliable reciprocating pumps or by centrifugal pumps.,

similar to those used un process trains TT_5 through 1T-8 Consideration should also be

given to the installation of stand by glycol pumps at Locations I and 3 to facilitate routine

maintenance oftbis equipment.

Titas Gas Field has a combmed design capacity of 660 MM:cfd (Location 1 - 300 MMefd,

Location 3-240 MMcfd, Location 5 - 120 JI.1Mefd)but due to continuous operation for a

long time, capacity has decreased to 500 MMcfd. The desib'll capacity is almost 1.5 times

greater than present production rate, To make effective use of this excess processing

capacity, it is necessary to drill development weUs.
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This field has no provision in the existing facilities for handling significant volumes of

free water production from T1'-]2. Handling, processing and disposal of produced waler

will require installation of appropriate facilities include tankage, filtration system and

transfer pumps will be required as part offuture development.

Table 5.3 summarize the performance of the gas processing plants in Bangladesh It

should be noted here that, all the plants achieve sales line quality satisfactory. However,

for most plants the liquid hydrocarbon recovery is nol satisfactory

5.4 A Brief Discussion on Liquid Recovery

In our conntry, designing of a process plant the primarily concerns meeting the sales line

specification, Not enollgh emphasis is given on Lhe issue of liquid hydrocarbon recovery.

The gas processing plants were initially set up for removing water and higher

hydrocarbons Today, the gas processing plants attach a great importance to lIC recovery,

which has a high market value.

With the growth of the worldwide market for natural gas liquids (NOL), additional

processes for higher recovery of the ethane, propane and butane fractions, which make up

NGL, have been developed. These fractions are valuable for the petrochemical industry

Usually the ethane and heavier fraction, are used as gasoline blending.

In the world market the price of the liquid fuel is increasing. Bangladesh mostly depends

on imported fuel (liquid fuel). If the recovery nf liquid hydrocarbon can be increased, it

will !\live significant amount of foreign currency. So special attention should be given to

extract liquid hydrocarbons Table 5.4 shows the comparisons of recoverable and

recovered liquid hydrocarbon in different fields.

TEG, LTS and silica gel process plants cannot recover hydrocarbon below C", and the

maximum recovery of C4 is 45%. So, installation of a high efficiency liquid recovery

scheme such as refrigeration or turoo-expansion is necessary to recover c., and C4 more

effectively. The turbo-expander is the mo;t effective process to re<:over hydrocarbon

liquids from the gas stream. Theoretically, the turbo-expander is eapable of recovcring

90"/0 of the C:l and nearly 100"/0 of the propane and butane ITom the raw gas stream. This

results in a sale gas., which contains mostly C1, C, (combined mole fraction 99.28%) and

trace amounl of C) The heating value of this mixture is 1020 Btu/sef, which is higher than
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Table 5.3: Summary of Performance ofDifTerent Gas PTocessing Plants in Bangladesh:
Legend, Satlsfactory=S, Not satisfactory= NS

Type of Name ofIhe Performance res ect to Overall Remarks
Process Field Capacity Repair and Sales line Hydrocarbon Performance
Plant maintenances snecification recovery

Ferri I &2 S S S NS S Older plants of

Habiganj I to 4 KS S S NS S Habiganj lt04and

Habi an. 5& 6 S S S NS S Titas I to 6 cannot
Glycol handle design capacity.

Norshigdi NS S S NS S
Absorption Glycol pant dehydrates

Plant Rashidpur S S S NS S the gas but can not
Saldanadi NS S S NS S recover He without

Titas lants I to 6 NS S S I NS S addition ofRC unit

Beanibazar S S S NS S I Older plants of
Bakhrabad I to 3 NS S S NS S BRkhrabad 1 to 3 and

Bakhrabad 4 S S S NS S
Sylltet cannot handle

Silica gel design capacity,
Adsorption Fenchuganj Under warrantee period S NS This pant is basically

Plant Kailashtila S S S NS S dehydrated the gas and

Rashidpur S S S NS S recover small portion
of C5+ but can '0'

Sylhet NS S S NS S recover liuht He.
LTS (With Titas 7 to 10 NS S S NS S Older plants (7 to 10)
I with out calUlot handle design
glycol

Titasll&12 S S S NS S
capacity

injection) He recover slightlv
Plant hi 'her than o-lvcol~ant

LTX Plant Meghna 1 &2 N S S S S Older plants cannot
handle design capacity

MSTE Kailashtila S S S S S These three process
Plant equip with enhance HC

lfPEXOL Jalalabad S S S S S recovery unit.
Plant 10 lfPEXOL plant

Glycol with Cannot operate S S Condensate S methanol loss is higher
Turbo Sm", full capacity due production data than de~ign value

Expander to existing well is not available
cannot deliver
ennuph pa"
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the typical sales specification, where miniml1ffi heat content is usually 950 Btu/seC.

Therefore, by removing C3and above, [he healing value of the sales gas is stin maintained.

The extra hydrocarbon can be used for producing Liquefied Petroleum Gas (LPG), Molor

Spirit (MS) and High Speed Diesel (HSD) However, using a turbo-expander may not be

feasible in small fields

Average percentage of ethane (C,+) is more than 2.7 % in the sales line, So, from daily

production of 1405 MMscf NG, 30 MMscf of C21 will be recovered (considering 80%

recoverable C2~)which is important raw material of petrochemical industries

Ethane and higher hydrocarbon can be extracted from the national grid by tapping into and

Installing turho-expander at suitable Iocallons, The extracted hydrocarbon can then be

used for various industrial products such as LPG, Polyethylene etc. This should ensure the

maximum utilization of our natural gas, a~ well as save foreign currency_ However, a

proper economics analysis is necessary to sec whether such measure:; would be viable_
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T.blr 5.4: Comp3ri~on or R«o~.tJ"llblt andR«onrfii Liquid lIydrocubon In ()jlftrfnj~ FicldJ.

Elemenl!l

Mole
fraction

Recoverable Average recovered
liquid liquid hydrocarbon

hydrocabon (bbVmmsd)
(bbllmmsd)

Mole IRecOVerablCA\'cmgc rero\"ered
fmetion liquid liquidh)"drocnrtxlIl

hydrocDbon (bbVmm5cl)
(bbllmmscf)

~Iolc
fraction

Recoverable
liquid

IIydmcaoon
(bbVIIIJnSCf)

Avemgc recovered
liquid h)'droearbon

(bbllmmsct)

i):;iii' Fi~d!!!':jiili:!:::::~:;.'i'i!!,:;!i;, Bakhmbnd:"lH'ii'ii,,'i:';.J!;; I:;;:iH'!:;;i';';'" :!;: Dnnibullr,;!:l:ii'::!!!;ll!!ii!!i 11'::i:":'!ii!iii!iji:;:' Feilrhullilni HimHIi!'!';;;:::;;;.

2.25

0.40

11.05

:11': iii!d'! H,i! !1m!! ii;;l; I
Condensllle

produetion data not
available

5.27
1.15
0.66

11.82
7.83
4.49

21.43
17.77

0.0128
0.0067
0.0041

0,0084
0,0021
0.0006

0.02D
0.0177

iii;: ,I;;:':'i:::ii"!" 'j,'J alliin bnd !,jj~j:!::,~;';ii~! ;:1:

0.84

16.99

. 0,053

4.94
0.24
0.55

20.52
13.33
1.86

0,0069
0,0024
0,0017

0.0279
0.0169
0.0017

"., , 5 " '1""1''';;'' '1""'"'''1''''''''''' ","""".''''5. '.', ..""'"l:.l:''''' it anll "".,,,.,,!,, "I,'",,, ,.,'.:1",:.::' ',".:::,l,:;' an

G~wl pI.'~l:0.316
(UpIO 19116)

Silic:l gel pl.m:1A5

13.9826
7.8293
4,7551

C)•.Equivalent 0.0180
C,. EquivBlent 0.0086
C~. Equi\1!Ienl 0.0046
:-;,;:( Fit 1d !i.:H :i'i!::;:iii i:i !mE!:ii!i;;;, I'Ftoni i!!;l!!' iH!iiI !!i:ti ;i!,Ii'; ;r:;iH;,'j;;;;;;!; ii;;!i; lin billll nj !iii:'- 'i'~iii ii' !,i:"HI
C]. Equivlllent 0.0087 6,00 LTX:2.~IUpco 0.0045 3.2518

. J99~). LTX It SiJi""
C•• Equl\lIlent 0.0022 1.75 gd:2.16(199~.199810.0018 1.4884-l
C,. Equivulent 0.0020 0,22 ItGI1'c••I;';~mU7 0.0008 0.5652 I 0.0128 14.00-1
I:i!~~Firid;:,';;;: i:;;;,,;"" j"j ~1I:::: ': K II.ibn h I illl ';::;Hi~iil;;:, ::,:W: ,,::'I ,oJ;::i!!;:~if;:J~~;\I ., Ii.il ii:! ii,Ii: i!i;ii!H,",;;;;;': :iI;<:"!iii ~:iiiJ!:!,;;;iNo nh i d i. ll::iiliii;; ';;'!! ::::!:
C). Equivalent 0.0149 10.81 SiliCl~: IO.~, 0.01l2 8,6026 0.0178 15.3366
C•• Equiwlenl 0.0055 4.66 ~~::S:I~S'=I:0.0052 4.6794 l.S4 0.0118 11.4134
Cl• Equiwlent 0.0014 1.53 12.27 0.0027 2.7621 0,0083 8,7358
:!;;;~,jFltld i',ih!i i~i,;i:.~,ll!!;;lli;:ilRluhid Urm;;i!i:~i~ii;iF!I:;
CJ• EquiVlllent 0.0072 5.79 G1)'lXIlplant:0.)16
Co. EqulVlllent 0,0048 4.22 G1)lX>IltSiliclgd
C,.EquIVlllent 0.0017 1,86 p13nt:l,42
,';!i.:!' Field ';;;;;; 1":!J;:;;,,;;li;!!~!!!!i;";' Svlli~'!+J;!!iii!! il!i,;:;'!!:!;'!! I,'H;!i::!i:!:!'!!!!i!li!ijj,;,Tit:n!;j:',,"lii;;;:!ii!i,;!:,~,; liiii!:iii:!!:':~"i!!i ,\loulo\'ib:"lii:r:':'i! ;"',;;;:!;:I:!;
Cll Equivalent 0.0037 13.35 0,0086 7.0146
C" Equivalent 0.0032 13,02 3.JO 0.0051 4.7261 1.45 I Dllla not availllble
C,• EquiV1llent 0,0017 1.86 0.0033 3,3498 I -•- -'- - O' --



CHAPTER VI

CONCLUSIONS AND RECOMMENDA nONS

Tn this study, the processing methods of the different gas processing plants currently in

operation in Bangladesh are examined. The performance of those process plants with

respect to capacity, recovery of liquid hydrocarbon and sales line specification arc

scrutinized. In addition, comparative studies among these process plants as well as the

appropriateness of selection of these process plants are investigated The following

conclusions are made from this study:

o Due to the composition of natural gas found in Bangladesh, the role of the process

plants is mostly removing water and heavy hydrocarbon The nced for treating for

CO2, j'hS etc are minimal,

o All the plants are designed mainly to meet sales line specification. Liquid

hydrocarbon recovery does not seem to be a priority in the design of these plants.

o All of the installed plants have been able to depress the dew points lower than the

sales line specification, which indicates satisfactory levels of water removal,

o The older processing plants (installed before 1986) cannot handle the name plate

gas flow rates,

o The separation ofliquefiable hydrocarbon in the older plants is not satisfactory.

o Available processing capacity is not being fully utili7-edin most of the gas field.

o Several fields have no provision in the existing facilities for handling significant

volumes offree water production

o The common problem in most of the plants in different gas fields is the lack of

vapour recovery systems on condensate production and stock tanks.

o Around twenty-five process plants are not equipped with inlet gas scrubberl filter

separator

o Around twenty fields are nOi equipped with sales line scrubber! filter separator.

Q G8.~composition used in the de:.ign differs from "averaged' compositions from aU

gas sands produced to the plant, The depletion of reserve changed the gas

composition, which affects the plant performance.
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Cl In some of the plants, a significant difference exists between the actual gas stream

inlet temperatures to the plants and the temperature used for design, which poses

efficiency problems for the plant.

o The existing glycol circulation pumps on process trains of well I, 3 and 4 of

Tilcs field are plunger type reciprocating pumps which were leaking significant

amounts of glycol

Q Beani llazar has a slightly higher mole fraction of heavier components than does

Kailashtila. The existing facilities of Bean; Rvar cannot recover sufficient

hydrocarbon with respect to Kailastila

o The loss of Methanol problem in lFPEXOL process is found at the JaJaiabad field

o Around thirty five process plants (except turbo expander and IFPEXOL plants) can

not rccover hydrocarbon below C. Theoretically, TEG, LTS and silica gel process

plants cannot recover below e. (recovery ufe. max. 45%), In the field proces!>ing,

most of thc light portions of li4Uid hydrocarbon flows thrOl.lgh sales line. Other

portion may be flared or emitted.

Each of the processes studied in this project has merit> and demerits considering

technology, operation, maintenance, investment etc. Plants may be justified simply for the

recovery of certain hydrocarbon components, even if those components are only a very

small part orthe gas stream. Today, the gas processing plants attach a great importance to

He recovery and its processing into desired fractions fur maximizing revenue, These

fractions are valuable for the petrochemical industry raw stocks, Usually ethane and

heavier fractions are removed and used as gasoline blending, Following recommendations

are made based on this study:

I:l Large storage tanks for condensatc product should be upgraded to incorporate

vapuur recovery systems However, introducing a vapour recovery system in a low

capacity tank may not be feasible.

I:l Special attention should be given to extract light hydrocarbons when setting up

new process plants.

a Inlet and sales scrubbers should be installed in the fields where these were nut

installed

a Plunger-type glyeul circulation pumps should be replaced by more reliable

reciprocating ur centrifugal pl.lmps.



]44

Q Where wellhead temperature is high, fin-fan coolers should be installed at the

upstream of the process inlet. This would pre-cool the inlet gas streams and

improve liquid recovery.

I:J In several fields where prodl.lced water needs to be handled, appropriate facilities

should be installed. These include tanks, fIltration systems and pumps etc,

Installation of these facilities should be incorporated in all future plans,

IJ Proper steps need to be taken to ut,li7.e the Ilaring ethane and to reduce the loss of

methanol al KailashtiJa and JaJalabad fields respectively.

lJ The gas volume throughput of transmission line is usually large, 00 the actual

gallons of1iquid propane or ethane recovered can be substantiaL Ethane and higher

hydrocarbon can be extracted !Tom the national grid by tapping into and installing

turbo-expander at suitable locations. The extracted hydrocarbon can then bc used

for various industrial products such as LPG, Polyethylene etc. This should ensure

the maximum utilization of our natural gas, as well as save foreign currency.

Howcver, a proper economics analysis is necessary to see whether such measures

would be viablc.
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Tablt A-I: Sales Gas Spedfication.
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Serial No. Parameters Allowable limit

1 Flowing Gas Pressure 900 I 000 psig

2 Flowing Gas Temperature <120 OF

3 Odor No odor is allowed

4 Solid No solid allowed

5 Water < 71bIMMscf

6 Liquefiable Hydrocarbon < 2 US gallonsfMMscf

7 Tuta! sulfLiT <200 graimJ 100 sef

8 H,S < I grainllOO sef

9 Carbon dioxide < 2% v/v
,

10 Oxygen <I%v/v

11 Nitrogen < 3% v/v

12 Heating value (Net) >'XJOBtwscf



Table A-2 : Chemical Composition of Gas from DitTerent Ga! Fields.

51 Nameoffield Methane Ethane Propane 1;0 " HigherHC Nitrogen Carbon Calorific 5p
No. (%) (%) (%) Butane Butene Composition (%) Dioxide value Gravity

(%) (%) (%) (%) gross
BTU/CFT

I Bakhrabad 94.2 3.65 0,72 0.2 0.1 0.24 0.42 047 1057.73 0,597

2 Be urn an 95.46 3 19 064 0.17 004 - - 0.3 104561 0,5833

3 Balabo 94.79 2.49 0.6 02 0,15 o 13 034 0.6 - 0.607
4 Feni2 95.71 3,29 0,6_ 0.15 0,05 - - 0,15 1049,84 0.5782
5 Habi' n' 97.63 131 0.27 0,08 004 0,06 0.38 0.07 1023,91 0,57

6 Kamta 95,36 357 0.47 0,09 - - 0.51 1043,13 0.5743
7 Me hna 95,15 2,83 06 0,16 0,09 0.07 0,37 0.53 - 0.0591

8 Titas 97,33 1.72 0,35 008 0.05 0.06 0.3 0.11 1031.55 0,572

9 Shahb 9' 9368 3.94 0,71 0.2 0.D7 0,04 046 0.9 1046,21 0.58
10 Saldalladi 96,32 2.16 0.45 0,12 0.07 0.05 0,27 0,56 1032.6 0.57

II Beanibazar 93,68 3.43 Ll 0.29 1.23 017 0,99 012 1061.95 16
12 Chattak 979 18 0.2 - - - - 100571 0.548
13 Fenchu 'an 95.66 2 5 0.63 0,11 004 - - 0.06 1043,33 0.574

14 S 'lhet 4 96.63 2 0.05 0,14 0,01 017 0.66 0.34 105068 0.546
15 Kailastila 3 9557 2.7 0,94 0,21 0.2 0.14 024 - 1056 0586
16 Rashid ur 98 1.21 024 - 0.17 0,02 005 1012 0,569

17 lalalabad 9503 2.45 0,56 0.35 0,14 012 0,07 - 0,648

18 Kutubdia 95,72 2.87 0,67 031 0,36 0,07 1041.68 0,586

19 5" 94.51 3,17 0,61 0.19 0,07 041 044 0.6 1058 0.59
20 Semutan' 96,94 17 0.14 - 0.01 - 0.86 0,35 -

-~



Table A-3 ; Molecular and Isotopic Composition of Natural Gases.
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Well NamefTest
Molecular Com osition Isoto icCom s~ion

Depth (m) C, C, c, ie. "C, C~ N, "e, "e, "c,
A< ram D8T-4 - w.~ '" 0.01 '"' -40.3 -2R4 -30.6

A ram 08T-5 - ~.~ m '" 9" " -3>l,S _29.1 .27.5

At ram PT-6 =. OO~ " O~ 0.13 0,12 40 -25,2 _276

Bakhrabad-I "" ~,27 '.M 0" 0.21 0" 0" O~ _43.0 .286 .~

Beani Bazar DST 2A ~,~"'" "" O~ 9~ -409 -28,8 .~,
Bean; Bazar D5T-3 - OO~ .., 'M 0" 0.51 4" -292 -26,7

Beani Ba~ar-1 XDST-4A = 00," ." '.42 000 9.00 0" 0.26 -41.6 _~93 -266

~n--1 ~ MOO ,., 9" "" 9.00 "' 9.~ -54.3 '" -298

B urn an'-2 ~~ ~"'" 0.75 O~ 900 -54.3 _31.1 _28.1

Bibi ana-l ,~oo.~ '00 9" 9n "" 900 0" ..olQ.5 -29.2 -285

Blbi ana-I ~ OOM '" 0" 0.21 0" 0.12 0" 4"' -29 1 .~,
Bibi ana-l - 00' ,.. 0" 9.ll 0" 0,13 O~ 4"' -29 1 ~,
Bibi ana-l - 00." ,., 0" 0,22 "" 0" '.00 -40,( .~ ~,
Bibi ana-l m, 00" ,,, ,ro O~ 0.18 "'" '" 4"' -29 1 _264

Bib; ana-l "" 95,~3 '" ,n 0,22 0.18 9' 9." -40,4 _29.1 -26.5

Bibi ana-I ~"~"2,43 0.74 '" 0,17 ,n 9.00 - 40 3 -29.1 _26.5

'9 ""' 9 "'~ '" , ,
Chhatak-1 ,= 97.72 '" 9.~ , -45.2 --41.7

Feochu ao.-? "" 00." '" O~ 0.15 0" 900 0.11

Fenchu ao'.2 ,~97.84 '" 0,32 9.00 0"' -
Feoi.1 H~ 00" " 0" 0.13 '00 .437

Feoi.1 ,m 00' '" O~ 0" '"' ""OTI .43 7

Coumadi , 95,14 .00
Habi~ ,~,,~1,45 0,01 '"' 9.M --44.5 -'38.1

Habi 90'.1 ~"'" '" 9V om 9."' '"' 9~ --43.7

Habi ao'-4 ''', 00" '"
Inani 9 ooro '00
Jaldl 9 00.' '"
Jhinaidah 0 0000 4.91

Kailas Tila = 0000 '.M 0" 0.18 '" 0,21

KailasTila =. 00"' " OM 9" "' 0,24

Kall an' Jessore 0 00", 2:49

,,"'," ~ MOO 3.57 0,47 0", 0" 0.81 4" -
Kamta =, 0000 ," 0.16 O~
Kutubdia - 00"' 2,87 9" '"' 9"
LekhS<lm , 00' 11,9

~n'
, 00" 9."'

Muladl .." OO~ .00 " 9.' '00
Nilakhali , 00" '"' 0,72

Noakhali Cham 9 ",.n 2.41 '" 9.00 OM
Pabna 0 ~. '"Palharia 0 00' '00 '00 O~ '" on
Palharia-1 '" 00.00 ", '" 0" 9" OM --42.4 -37.2 ~"
Pali a , 00'" om '"P,roz ur , 97,99 '"'Rankion khal see 9 '00 -59.1

angio of PetrOleum in Bangladesh



Table A-i : Summary ofBanl(ladesh Gas Re,erw. E.rimatiou - 2003
F'l(IJres in Bef

81 no. field Operator Estimated by Year GItP Proved ReCO\'er"ble Recovery Cumulative Remaining AddnioJl.11 Possible

+ Probable (1000 pSI) F~C1or Production Rese,'I'" As of Reoovcl')-' '<0.
% upto JWle June 2003 Using

20U3 Compressor
(50() psi)

Prodncing, Bakhmbad BGfeL HCD 2()03 1498 1048 '" 638 '", Beam B.z~r SGFL "'" 1989 m 17() '" " '", HllblgllllJ BGFCL HeU 2001 5139 3852 'S 1027 2825, J.lalab"d lNOCAL O~}' '"'" 1195 '" '" 134 '"', K",l~sTila "" HeG "", 2720 ,"'" '" M '"00 m '""0 Meghna BGFCL HCG 2003 l70 '" " " "', Narshlngdi BaFCL HCU 2003 335 m " " '"
" Rashldpur SGFL HCU 2001 2002 1401 '" 285 1117 200 '"", Saldanadi BAPEX Bapex 2002 '" Il(, '" " "W Sangu SHELL Shell 1997 1031 "" " m on
u Sylhet SGFL we lY71 OM "" " m 308 "U Ferri BGFCL B.1pe~ _ Niko 2000 ,eo 165 '" '" 125 n
B TItus BGFCL HCD 2003 7300 5110 '" 2108 3002 m 1680

Production Suspended

" Chattak (Wesl) SG" B"p"x - Niko '"'0 on m '" n m '" '"" KJmta BGFCL HCD 2000 n ;0 '" " "Non-producing

" Bagnmg"uj BAPEX Petroo"gia "M " " " "n Bibly"n.1 L!NOCAL 0>.1' I UnclCai 201~) 3145 2377 '" 3080

U FendmganJ SGFL Petrobagla 1985 "" 283 '" "''" KulUbdia SHELL Shell 201l] " " '"'" Moula"i Baza UNOCAL Unocal 2003 '" '00 """ Sclnutang SHELL Shell '00' m 150 66

" Shahba/.pur 'M'EX Bapcx-Unocal 19% '" '" '" •• ""Total in Bd 28406 20520 5098 15422 1409 '"''Total In Tcf 285 20.5 ,., 15,4
" "

~
~
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Table A-5: Sector wise aQuual gas sales.

GAS VOL\J1I,lETNlin, IO'-J "UBIC FEET (1M)

Yro' Power Fertilizer Industry Domestic Commercial Oili= Total Total
Sales Production

1980-81 13 )0 '"'' ,W HO 130 000 44,()O I 49.95

1981.~2 18 00 26 !ill 9.10 420 1.70 om 5960 I 64,85

1982.83 22.00 25,811 9.80 ') 20 '00 () (Xl 64.70 72.1 (,

19111~4 2BO 29.40 10 40 5,80 "" 0.00 lORI 83,29

I 984.1\5 38.30 27.20 12.60 6.10 '" o (Wl &..60 94.59

1985-86 ]9,1l() 33.70 1640 6.80 2,70 ow 9940 10666

1986-87 5180 34.90 18.70 6.80 '" 0.00 115,60 125.32

1987_88 6210 >100 16.70 7.60 lW 0.00 141.()() 147.50

1988.89 6550 53.40 15 00 9.30 3.20 0.00 146 40 155.93

1989-90 751iO 5590 100 10,20 3.10 0.00 159.10 I If>783

1990-9\ 821i1J 5420 13 20 1050 2.90 0.70 164.10 I 17284

1991-92 88,10 61,,0 13.40 11 60 '''' 0.90 178.50 I 188.48

1992-93 91.311 69.20 1520 13.50 2An '"'' 194.50 210 98

1993-94 97.311 74.50 20 2f> 15.40 2,R7 '00 21213 22.1 76

1994-95 107.40 SO.50 24.24 1K86 '"" 170 23558 247,38

1995-9(, 11090 90.98 27.31 20.71 ],00 '" 25461 265.51

19%-97 1j() 82 77.83 28.62 22.84 4,49 '" 24579 260.99

1997-98 123.55 80.07 32-32 2489 4,61 113 266 57 282.02

1998-99 140.82 8271 35.79 2702 '" 0.96 292 11 307.48

1999-00 147.62 8331 41.52 2956 '" 0.99 306.861 332.35

2000-01 175,27 8843 47,99 3185 ''''' 1.09 348.75 I 372.16

2001-02 19(Un 78 78 53.56 3674 4.25 1.16 364.621 391.53

2002-03 190,54 9589 63,75 4480 4.56 1.26 400.81 I 42116
2003-04 231 33 n.SO 4637 49.26 4.79 '"' 451.42 45250
2m4.05 248 S9 9399 5168 52.49 4 85 '" 48431 486,76

2005-06 19.29 12 51 9.44 9.14 () 92 0"' 85,97 8697
(upto

"
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