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ABSTRACT

Natural gas has been an imporlant indigenous hydrocarbon resource m Bangladesh [t is
predominant fuel for industries and commercial establishments. The natural gas produced
from the reservaoir is usually a complex mixture of several hydrocarbons in their iguid and
gascous states, intimalely mixed with water Oflen, solids and other contaminants are also
present in the mixture. Therefore, some processing is required for the produced natural gas

before it can he brought to the cusiomer.

The gas processing plants constitute a very imporiant segment of the gas mdustry in
Bangladesh. Currently, there are six compamies involved in producing gas from fifleen
differemt gas felds in Bangladesh. These companies operate thirty-ning gas processing
plants, using a variety of technologies, Diflerent technologies are mvolved in removing
differcnt elements from natural gas Therefore, a gas procesaing plant must combine Lhe
appropriate technologies to address the needs of a specific gas field. The selection and
design of a processing plant is extremely imporlant for operating a gas ficld cfficiently and
economically. This study takes a closer look at all these plants in Banpladesh. A scrutiny

of each plamt is presented with a view to identify potennal rooms for improvement,

Whereas the knowledge and experlise on one particular plant is available, it i extremely
difficult to get a broader perspective of the industry because no comparative literature 15
available This study attempts to {ll in the knowledse base by presenting a comparative
study of all the plants currently m operation in Bangladesh. Tt will be beneficial to all
parties intercsted in the gas processing industry m Bangladesh. [t should provide some

directives regarding the fulure of the industry in Bangladesh
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CHAFIER]

INTRODUCTION

Bangladesh is considered a gas prone country because of reverine delta having porous and
permeable hydrocarbon bearing sand structures and umque condition of traps. Natural gas
is and will continue to remain the major indigenous encrpy source, fueling the mational
economy Production plans has been drawn up to meet the increasing demand for natural
gas by augpmenting supply from national gas companies, and increasing purchese from the
International Oil Compamnes, supported by increasing stress on exploration. Since the first
use of natral gas m 1960, the consumption of natural gas has been increasing. In the

month of August, 2005 the average production was 1403 MMscfd

A lypical well 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 in Bangladesh comtain sour gases especially HaS n (race
quantity; the processing technology employed need not include special separation system
to remove sour gases. The presences of water and liquefiable higher rydrocarhons have to
be processed in a suitable gas processing plant to deliver a sale pas of the sales linc
specification. Numerous processes have been developed lor gas processing, based on a
varety of chemical and physical principles. A gas processing plani must combine the
approprate technologies to address the needs of a specific gas field. The selection and
design of a processing plant is extremely important for operating a gas field efficiently and
economically. Today, the gas processing plants attach a great imporiance to ligguid

hydrocarbon recovery and it’s processing into desired fraction for maximizing revenue



Currently there are six companies involved in producing gas from different gas fields in
Bangladesh Qut of those, thiee are owned and operated by the Bangladesh government.
The rest are toreign companies, alse known as International Oil Companies (10C}. The Six
companies operate 39 process plants, using different technolopies. Each of thesc 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 varicty 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 pressure, change in phase behavior due to depietion etc.

Environment friendiy fuel, Liquefied Petroleum Gas (LPG), can be recovered by Natural
Gas Liquid (NGL) Factionation The government encourages the prvate sector to set up
new NGL fractionation plant Tn the Geld processing, most of the portion of light
hvdrocarbon Aows through sales line, but it is possible to recover by introducing a

enhanced hydrocarbon recovery process and supphed as NGL, LPG ete,

The use of natural gas as a raw material for manulacture of petrochemicals is fo a cerlain
extent constrained by its composition. Analysis of pgas being produced indicates very high
methane conlent with small quantities of higher hydrocarbons, The deficiency of higher
hydrocarbons precludes the use of the pas as a raw material for olefin manufacture such as

methanol, aceilylene and polyethylene ctc.



CHAPTERII

STATEMENT OF THE PROBLEM

The pas processing plants constitute a very imporiant segment of the gas industry in
Bangladesh They produce pipeline quality gas as well as recover valuable condensable
higher hydrocarbons including Liquelied Petroleum Gas {LPG) compenemts. Recovery of
higher hydrocarbons improves the economics of operation by producing more valued
products such as Natural Gas Liquids (NGL), for which there is an expanding market. The
thirty-nine gas processing plants in operation were designed employing vanety of
processing technologies. A gas processing plant must combine the appropriate
technologies to address the needs of a specitic well or gas held Each of thesc processes
has merits and demerits considering technelogy, operation, maintenance, mvestment ctc.
Whereas the knowledge and expertise on one particular plant is available, it is extremely
difficult Lo get a broader perspective of the industry because no comparative literature is
available. This study takes a closer look at these plants in Bangladesh and presents &

comparative study.

1.1 Ohjectives
The main objectives of this study are as follows:

- To obtain an overview of the current state of the natural gas processing industry m

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 gtc.

To conducl a comparative study of these plants



1.2 Methodology

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

abjectives.

a

O o o oD

Collect the process manual/Operational mamal and other relevant documents from
cvery gas field

Coliect data about major break-down/maintenance work, production history ete.
Summarize information and justify the appropriateness of process plant selection
Analyze and compare these processes and point out the major ditferences

Analyzc the production history and find out the quality conirol and performance ol

ihese process planis



CHAPTER 11}

OIL & GAS EXPLORATION AND PRODUCTION IN BANGLADESH

3.1 Exploration 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 durmg the coursc of
drilling only 66 exploration wells over a pericd of 96 years of sporadic exploration.
Becausc of reverne delfta having porous and permeable hydrocarbon beanng sand
structure and umque condition of trap, Bangladesh is always consuidered a pas prone
country. Pue to resource constrainis, the cxploration aclivities were kept to a bare
minimum. In spite of a slow expleration pace, the success ratio is 2.75; | (Brochure,
Petrobangla, 2000}, Hydrocarbon exploration aclivity has been continuing in this termtory
since the later part of the 19th century. Various national and international companies

carried out exploration in the potentral areas of Bangladesh.

Lixploration activities took place in three phases. These phases arc divided on the basis of
different administrative regimes such as British, Pakistan and Banpladesh. Exploralion

activities of three phascs are shown in Table 3.1

Table 3.1; Exploration Activities In Bangladesh.

Phase Wumber of Discovery Exploration Basis
Well
1 (1908-1933) & None; minor oil Howed | Mear secp
British Period at Pathara
il (1947-1971) 22 8 (ias fields Seismic and other early
Pakistan Period geophysical methods
It {(1971-2004) 34 |14 Gas fields, 1 Oil ficld | Digitat Setsmic (2D & 3D)
Bangladesh Period
Total 66 22 Gas fields, 1 Oil feld '




3.1.1 Phasc-l {British Period)

The search of oil and eas in the arca constituting Bangladesh began in the later parl of the
19th century through some isolated geological mapping. In the early days (1910-1933) of
exploration, drilling was mainly concentrated near sceps in the fold belt At this stape
shallow wells ranging from 763 to about 1,047 meters were dnlled The first serious
attempt to tind oil and gas was undertaken in Sitakund in 1908 by the Indian Petrolevm
Prospecting Company (FPC). This Company dnlled three exploratory shallow wells near
Sitakund on the Sitalund structure betweocn 1,908 and 1,914. The Burma il Company
{B O.C.} alsc drilled an exploratory shallow well in 1,914 in the same structure. During
1923-33 BOC drilled two shallow wells in Patharia. The welis were abandoned though
there was a reporied occurrence of eil. In this phase, total Six exploratory wells were
drilled, the deepest being 1,047 meters. No commercial gas/ol tield was discovered in that

phase {Saleque, 2001). Phase-1 exploration activitics are shown in Table 3.2

Table 3.2; Phase-T1 Exploration Activities.

SI. | Well Name | Operator | TD Formation | Date of Status

No. {meter) at TD Complelion

01, | Sitakund -1 1P.C 702 Bhuban 1914 Plugged &
Abundant (P & A},

oil show

02, | Sitakund -2 LP.C. - Bhuban 1914 P&A

03, | Sitakund -3 1.p.C. - Bhuban 1914 P& A, oif show

04, | Sitaskund 4 | B.OC. 1024 Bhuban 1914 P&A, oil show

05 Patharia —1 B.O.C. 875 Bhuban 1923 P&A

06 Pathariza —2 | BOC. 1047 Bhuban 1933 P&A

3.1.2 Phase I1 (Pakistan Period)

During the second phase early forms of modern geophysical methods were used for the
first time, Gravity and surface magnetic reconnaissance survcy were followed by single
fold seismic studies supplemented by geological information from wells and outcrops in
the surrcunding areas (Saleque, 2001) The promulgation of Pakistan Petroleum Act in
1948 infused interest of mternalional cif companies in oil and pas exploration [hase-11

cxploration activities are shown in lable 3.3,



Table 1.3 ;: Phase-11 Exploration Activities.

ST Well Mame | Operalor D Formation Date of Status
No {meter) al TD Completion
01 Pathana-3 PPL 1649 Bhuban 1012 51 Onl show
02 Pathana-4 PPL 830 Bhuban 23 02.53 P&A
03 Patiya-1 PPL 3102 Bhuban 14 02,53 T&A
04 Sythet-1 PPL 2379 Bhuban 12 05,35 P&EA
(35 Sylhet-2 PPL 2819 Bhuban 07.10.56 | Blow-out, P&A
06 Lalmai-1 PPL 2993 Bhuban 11.02.58 P&A
07 Challak-1 PPL 2135 Bhuban 14.04.59 Gas well
(8 Kuchma- 1 Stanvac 2875 | Gondwana | 21.66.59 P&A
09 Bogra-1 Stanvac | 2187 | Bascment | ORB.02.60 P&A
10 | Fenchugonj-1 PPL 2438 Bhuban 14,0460 P&A
11 | Rashidpur-i Shell 3860 Bhuban 20.07.60 (as well
12 Hazipur Stanvac | 3816 Barail 05 09.60 P&A
13 Lalmai-2 PPL 4117 Bhuban 27 10 60 P& A
14 Kailastila-1 Shell 4139 Bhuban 2203 62 Gas well
15 Titas-1 Sheil 3758 Barail 23.08.62 Gas well
16 Habigonj-1 Shell 3508 Bhuban 22.05.63 Gas well
17 Jaldi-1 OGDC 2300 Bhuban 10.03.65 P&A
18 Jalch-2 OGDLC 3360 Bhuban 27.11.66 P&A
19 | Semuiang-] 0OGDC 4088 Bhuban 22.05.69 Gas disc.
20 | Bakhrabad-1 Shell 2838 Bhuban 09.06.69 Gas disc.
21 Jaldi-3 OGLC 4500 Bhuban 2505 70 P&A
22 Cox's Bazar Shell 3698 Bhuban 1603 69 P&A

The Standard Vacuum Qil Company {(31ANVAC) of USA, Pakistan Petrelcum Ltd. (PPL)
2 Burmah Oil Company affiliate and Pakistan Shell Oil Company (PSOC) took up
concessions during early fifles and carricd out exploration till the end of sixties.
STANVAC drilied 3 wells at Hazipur, Bogra and Kuchma in the northwestern part of the
country without success. PPL drilled wells m Sylhet, Patharia, Chhatak, Fenchugan;,
Patiya and Lalmai, and made the first gas discovery in Haripur in 1955 followed by
Chhattak in 1959, PSOC was the most successful company and discovered the 5 gas fields
of Titas, Habiganj, Rashidpur, Kailashtila, and Bakhrabad; they also drlled the first
offshore well Cox'sbazar -1, which was dry. Dunng this time Oil and Gas Development

Corporation {(OGDC} was established in the national sector in 1961 and the root of




exploration for oil and gas were set up in the country. OGDC carried out geological and
geophysical survey including gravity, magnetic and seismic, and drilicd wells in Jaldi and
Semutang, discovering gas in Semutang in 1970, The operators of the second phase drilled

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

3.1.2 Phase 11l (Banglndesh period)

Bangladesh Oil, Gas and Mineral Corporation (Petrobangla) continued its exploration
cfforts while the Bangladesh Petroleum Act was enacted in 1974 to facilitate miemnational
participation under Production Sharing Contact {PSC). The offshore area of Bangladesh
was divided into & blocks, which were, taken up by Ashland, Atantic Richficld
Ct}mpany {ARC(O), BODC {JAPEX), Umon (il, Canadian Supenior Oil and Ina-naftaphn
(Yougoslav state oil) under production sharing contract. These companies carned out
gravity, magnetic and seismic surveys for about 32,000 km and dnlled 7 weils. Only
Union Oil Company discovered an offshore gas field in 1977 in Kutubdia. This phase of
PSC ended with relinquishments by 1978 (Annual Report, Petrobangla, 2003).

In 1981 Shell Oii Company was awarded the Chittagong Hill Tracts for petroleum
exploration under PSC. Shell conducted geological and seismic survey and drilled the
Sitapahar well, subsequently Shell underiook exploration in the extreme norh west of the
country and drilled the first well in the area, The welt Salbanhat was dry. in 1988 Scimitar
Exploration was awarded what is now block 13 in Surma basin They failed to prove the

extent of the oil discovery at Sythet structure but discovered the Jalalabad gas feld.

The 1980°s saw accelerated exploration activities by Petrobangla, wich drilled
exploration wells in Muladi, Begumganj, Singra, Beanibazar, Atgram, Feni, Fenchuganj.
Sitakund, Bogra, Kamta, Marichakandi (Meghna), and Belabo (Narshmgdi) and
discovered 7 gas fields in 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 Pcirobangla discovered the first commercial oil pool in Sylhet on
December 23, 1986, From 1982, BAPEX has continued exploration for Petrobangla, and

drilled 3 exploratory wells discovering gas in Shahbazpur and Saldanadi
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A Model Production Sharing Contract (MPSC) was prepared in 1988, which was revised
in 1993 under Petroleum Policy. The offshore and onshore areas of Bangladesh were
divided into 23 blocks, which were shown in Figure 3.1, Under the 1993/04 awards, Block
numbered 12, 13 and 14 were awarded to Occidental {now Unocal Bangladesh), Blocks 15
and 16 to Caimn Energy, blocks 17 and 18 to Rexweod/ Okland (now operated by Tuflow
oil) and block 22 to UMC (now operated by Ocean Energy). Under thesc PSCs the
respective operators have conducted varying amount of expleration and development
works In Blocks 1213 and 14, a total of 5 exploratory wells were drilled and two
discoveries were made (iwo by Unocal a1 Bibiyana and Moulvibazar). There was a
massive blow in MB-1, resulting in major loss of hydrocarbon and other surface assets.
The previously discovered Jalalabad ficld was developed and is in production since 1998,
Tn Blocks 15 and 16, the operator drilled 6 exploratory wells including 4 offshore wells,
resulting in discovery of offshore Sangu Gas Field. This field has been developed and is in
production since 1997 1In Blocks 17 and 18 a single ofishore well was found dry. There
was praclically no expleration work in block 22 With the discovery of a gas structure in
the Bay of Bengal by Anglo Dutch joint venture company Cairn- Shell i 1996,
Bangladesh attained the world focus and was being thought to become a happy playground
of the major oil companies. As a resull, there was tremendous response in the second
bidding round for selecting Tnternational Oil Companies (10C) for exploration in the 15
{fRteen) blocks. Tt may be mentioned that 8 (cight} blocks were in first round and 4 (four}

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

Sigmficant parts or whole of these blocks are now relinquished as per contract. Under the
second bidding rounds, four blocks have been awarded. Unocal Bangladesh was awarded
block 7. Shel/Cairn JV was awarded blocks 5 and 10 with a 10 % carried stake for
BAPEX, and Tullow/Chevron/Texaco JV was awarded block 9 with a 10 % carried stake
lor BAPEX,

Between 1672 and till now, a total of 36 exploratery wells were dnlled by the national and
international cownpanies, which resulted in the discovery of 13 pas fields. Since the first
exploration well was drilled in 1908 a total of 128 wells have been dnlled m Bangladesh
till 2004, of which 66 are exploration wells, Phase-1ll exploration activitics are shown in
Table 3.4 and 3.5



Table 3.4 : Phase-Ll Exploration Activities (on shore)

11

SL. No. | Well Name | Operator TD Formation | Date of Status
{meter) at TD Completion

ol Muladi-1 Petrobangla 4732 Bhuban 16.12.76 P&A
02 Begumgonj | Petrobangla 3655 Bhuban 270177 | Gas disc
a3 Muladi-2 | Petrobangla 4556 Bhuban 15.01.81 P&A
04 Singra-1 | Petrobangla 4100 Gondwana | 30.04.81 P&A
035 Fem Petrobangla 3200 Bhuban 26.06.81 | Gas disc.
06 Beanibazar | Petrobangla 4109 Bhuban 1205 81 | Gas disc
07 Kamta Petrobangla 3614 Bhuban 16.03.82 | Gas disc.
08 Atgram-1 | Petrobangla 4961 Barail 10.06.82 P&A
09 Fechugorj-2 | Petrobangla 4977 Bhuban 28,04 88 | Gas disc.

"~ 10 | Shalbabhat Shell 2518 | Basement | J6.068% | P&A
11 Sitakund-5 | Petrobangla 4005 RBhuban 10.10.83 P&A
i2 Sitapahar Shell 1560 Bhuban 06.12.88 P&A
13 Bogra-2 | Petrobangla 2100 Bhuban 05.12 8% P& A
14 Jalalabad | SCIMITAR 2626 Bhuban i3.11.89 | Gasdisc.
15 Meghna Pelrobangla 3060 Bhuban 07 07.90 | Gas disc
16 Narshingdi | Petrobangla 3450 Bhuban 08,1090 | Gas disc.
17 Patharia-3 BAPEX 3438 Bhuban 20.07.92 P&A
18 Shahbazpur BAPEX 3342 Bhuban 1995 Gas disc.
19 Saldanad BAPEX 2511 Bhuban 1996 (ias disc.
20 Sylhet-7 Petrobangla 1986 Oil disc.
21 Bibiyana-1 | Occidental 4014 Bhuban 1998 Gas disc
22 Bibiyana-2 | Oxy/Unocal 4276 Bhuban 1999 (ias disc.
23 MB-1 Occidental 840 1997 Blow-out
24 MB-2 Occidental 3510 1990 (Gas disc.
25 Kapna-1 Occidental 3149 1999 P&A
20 Ratna-1 Occidental 3835 1959 P&A
27 Kasalong-1 UM 3500 1999 Pé&A
28 Lalmai-3 Tullow Bhuban 2003
20 Vangura-1 UMC 2004
30 Srikail-1 BAPEX 2004




Table 3.5 : Phasc-TH Exploration Activities {off shorc)

12

51 Well Name QOperator D Formation | Date of Status
No (meter) at TD | Completion

01 ARCO-1 ARCO 3903 Borkabil 29.05,76 P&A
02 Bina-1 INA 4095 Bokabil 3003.76 P&A
3 Bina-2 INA 4294 Bokabil 01.03.77 P&A
0 BODC-1 BODC 4598 Bokabi] 10.03.76 P&A
05 BODC-2 BODC 4436 Bokabil 1706 76 P& A
06 BODC-3 BODC 4488 Bhuban 2003 78 P&A
a7 Kutubdia Lnion oil 3508 Bhuban 1601 77 | Gasdisc.
08 Sangu-1 Cairn 3500 Bhuban Gas disc.
09 Halda-1 Cairn 4515 1998 P&A
10 Requ-1 Oakland 4450 1599 P&A
11 | Swandip East Caimn

3.2 Production History

Utilization of natural gas started in Bangladesh since 1962 with the commencement of gas

supply to Chatak Cement Factory from Chatak Gas Ficld Almost simultancously gas was

supplied from Hanpur Gas Ficld to Fenchugonj Fertilizer Factory. Today, fificen gas

fields are producing gas from 63 wells and the average gas production from all fields are
1405 MMSCFD (August, 2005). Tn Table 3.6 and 3.7, yearly production of gas and

condensate of ali fields since meeption, arc shown.
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CHAFPTER TV
OVERVIEW OF GAS PROCESSING IN BANGLADESH

There ate six compamies inchiding Tnternational il Companies (I0C) who produce and
process gas from fifteen gas fields in Bangladesh. These companies operate a total of 63

wells, and 39 process plants  The companies are

1. Bangladesh Gas Fields Company Limited (BGFCL): It owns seven gas fields,
namely, Titas, Habiuonj, Bakhrabad, Narshingdi, Meghna, Feni and Kamta. The
production from the Kamta and Feni fields were suspended and now Niko, a Canadian
compeny operates Feni field. BGFCL operates 24 gas processing plants and 3

fractionation ptants al 8 sites.

2. Sylhet Gas Fields Limited (SGFL): Tt owns five gas fields, namely, Haripur (Sylhei),
Kailashtila, Rashidpur, Beanibazar and Chhatak. The production from the (Chhatak field
was suspended and now the development work ts being done by Niko. SGFL operates 8

gas processing plants at 5 sites. 1t also operates one fractionation plant

3. Bangladesh Eaploration & Production Co. Ltd. (BAPEX): it owms fve fialds,
namely Saldanadi, Fenchuganj, Shabajpur, Semutuny and Begumganj It operates only
Saldanadi and Fenchuganj using two plants at twa sites,

4. UNOCAL Bangladesh Ltd. (UNOCAL): 1t owns three gas fields, namely, Jalalabad,
Maulavibazar and Bibivana It produces gas from the Jalalabad and Moulavi Barar
fields.

S Cairn Energy Ple: it operates two gas processing plants in Senpu field. Processing

operation 1 done on land.
& Niko Resonrces Ltd.: It operates Feni field using two process plants
Caitn Encrgy and UNOCAL are international oif companies (I0Cs) operating under

Production Sharing Coniract {PSC) and Niko operates under the Joint Venture Agreement
(JVA) with BAPEX

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

about 2680 MMscfd. The total production capacity of all the wells, with respect to the



target production in 2005-06, is about 1436 MMscfd As of August 2005, the total
production from all fields is 1405 MMscfd, out of which 1389 MMscfd is sold to the

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

Table 4.1.

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

Fiscal Total Percentage of total production { % )
Year ﬁ(ﬁ&%ﬂ%ﬁm BGFCL | SGFL | BAPEX | UNOCAL |[CAIRN [NIKO
C

1699-00 | 3324 61 19 - 8 13 -
200001 373.7 61 18 - 8 13 -
2001-02 391.5 60 18 2 8 12 -
2002-03 4212 59 18 2 9 12 -
2003-04 452.8 59 16 ] 13 L] -
2004-05 436 8 57 13 4 15 10 ]

Number of wells, production capacity and presemt production rate of different gas fields

are shown in Table 4.2

Tahle 4.2 : Field Wise Production Rate of Naturnl Gas.
(MI1S Report. Petrobangla, Avgust, 05)

Operator Praducmg No. No Capacily Average Average
(as of of of Daily Daily
Fields Wells | Producing Plant Producing | Production
Wells (MMcfd) | Capacity {MMcti)
(MMctd) August, 05
BAPEX  [Fenchuganj 2 2 60 47 4532
Salda MNad: 2 1 20 14 15
IBGFCL  [Bakhrabad B 4 240 35 347
Habigonj 10 9 360 300 2757
peghna 1 1 40 35 34
Narshingdi i i 60 20 19.7
Tiias 14 14 660 415 404.9
SGFL Beanibazar 2 p &0 30 219
Kailashtilla 4 3 120 57 54.6
Rashidpur 7 7 220 82 822
Sythet 7 2 30 20 19.2
FINIC{]L Jalalabad 4 4 130 144} 1465
Pdoulav Bazar 4 4 - 0 102 7
Cairn Sangu 7 6 520 172 148.7
KA Fenl 5 3 40 30 305
Tatal 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 pas flow rates and the separation of
liquefiable HC is not satisfactory leading to condensation of remaming liquefiable HC
inside the tranamission lines. Sometimes, the wells cannot deliver encugh gas. On the
other hand, the pressure and temperature of the wellhead gas are significantly different
from those used in the design ef the process plants. Moreover, with the depletion of

reserve the gas composition has also changed.

4.1 Gas Fields in Bangladesh

The demand of fuel in Bangladesh is bemg met by produced gas and by imported POL by
povernment, Since the first use of natural pas- 1960, over the year natural gas 15
predominant fuel for industnes & commercial establishments Now, natural gas is
produced from fifleen gas fields out of discovered 22 gas fields and one oil ficld. The
locations of different fickds are shown in Figure 4.1 A brief description of each field is

presented in alphabetical order as follows.

4.1.1 Bakhrabad (as Ficld

The Bakhrabad Gas Freld is located approximately 41 miles east of Dhaka. In 1981
Bakhrabad Gas Systems Ltd (BGSL) was lormed to develop, produce, transmit and
distribute gas from this feld. In 1989 Petrobangla reorganized its operational activitics and
as parl of that Bakhrabad Gas Field was handed over to BGI'CL.

Bakhrabad was discovered by Pakistan Petroleum Ltd (PPL) using gravity survey in 1953,
The Bakhrabad Field was the last gas discovery in the Bengal folded belt by the Shell m
1968 of drlling BK-! The field have five major pay zones, 'B’ (5905 — 5993 ), 'D’ Upper
(6363- 6445 k), D" Lower (6475-6545 R), ‘G’ (68236965 Ry & *T° {7001-7331 A)
constituting more than 95 percent of in-place reserves The reserves of the five remaining
minor rescrvoirs, namely 'A’, 'C' 'F', 'K' and 'L, The reserves of the 'A’, 'K' and 'L’ Sands

are clagsitied as possible reserves.

The first stage of development drilling involved work over BK-1 and dnilhmg four deviated
wells BK-2, BK-3, BK-4 and BK-5 by JAPEX in 1981 - 1982 from the same pad as BK-1.
The latest round of drilling was under the auspices of ADB n 1989 that drilled three
deviated holes; BK-6, BK-7, and BK-8. BK-6 was dnlled (rom a scpamtc pad
approcamately 1590 fect northeast of BK-1and the ! sand.
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Figure 4.1: Location Map of Fields and Wells in Bangladesh.
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The reservoir fluid of all produced Bakhrabad reservoirs is non-retrograde al reservoir
temperature,. The Bakhrabad Gas Sands contain a dry pas of relatively uniform
composition The compositional data contains an cven lower varation in composition
between reservoirs with G, ranging from 93.6 to 94.0 percent and Cs. Irom 0.44 to 0.47
percent. The reservoirs contain a relatively uniform lean gas with a liquid-gas ratio of 2.0

bhlMMscf {based on production history).

Production from Bakhrabad started in May 1984 when well 2 {D Lower sand} staried
flowing pas was shut down in June 1999 due to high water production [n October 84 Well
5 (B sand) started producing and was suspended wm July 1994 duc to excessive water
production. The well was re-completed in D Lower sand and production started in
December 1994 and was suspended again in June 1997 due to excessive water produciion.
Well 1 (J Sand) was placed under production in August 1985 Well 3 (G) and 4 (D upper)
were opened for production in October 1986 [n June 1992 the well 4 was shut in due to
high water cut and was recompleted in G Sand but this well produced water at a higher
rate than before. Production from this well again shut off after a short peried.  In Octeber
1994 well 4 was recomplcted apain in (i sand but the welt started to produce water at a
higher rate than before and ultimately was shut off in June 1998. Production from well 6.7
and 8 {J sand) were started smce December 1989 and well 6 was suspended 10 August
1098 due to cxcessive water production Currently well 1,7 and 8 are preducing from J
sand and well 3 from G sand. The field has been supplying gas to Bangladesh consumers
on a continual basis with total gas and condensate production of 644.711 Bef and 9158000

bbl to 31 August 2005, respeciively.

in 1684 Glycol Dehydration Plant was installed for production of raw aas in this field. In
October 1986 afier installation of Silica gel plants, Glycol plant was relocated in
Norshinedi Gas Field Now, the gas process facilities consist of four 60 MMcfd Sihica pet
Dehydration trains  An absorption type process plant installed al Bakhrabad field shown
in Figure B-1. Adsorption type process plant is used to remove hydrocarbon, water and
contanunants from gas streams and to recover hydrocarbon As solid desiceant silica gel is
used in this type of plant. The trains are identical although the fourth train, Train T,
brought on stream in Thecember 1989, ewnploys a pre-cooler to cool the gas prior to

processing.
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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 pas from gas scrubber is
compressed then combine with high pressure partial portion of gas stream of hilter
separator and then passing through gas-gas heat exchanger to oil bath heater to
regeneration tower, In open cycle operation regeneration gas direct combme with
adsorption tower Beside in this process regeneration gas cool by gas-gir cooler then gas-
water cooler but silica-gel process plant of Fenchupanj, Rashidpur, Beani-bazar

regeneration gas cool only by gas-air cooler.

4.1.2 Beani Bazar Gas Field

The Beam Bazar feld is located approximately 35 km easi of Sylhet, in nerth-eastern part
of Bangladesh Beani Bazar structure is one of the youngest structures of the entire frontal
folded belt and only two wells Beani Bazar-1 (T.D. 13,082 fi) and Beam Bazar-2 (T.D
11,905 Rt } have been drilled 1 5 km apan, on the crest Bean 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 s5 and
containg a lean gas mixture with a liquid-gas ratio of 157 bbl/MMscf at separator

condition.

Production commenced from Well ! in May 1999 from the Lower Sand. Well-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 produced gas in this field is process by a Silica-gel process plant. This process plant
was installed in Fenmi (Gas Field. Afier suspension of production from Fem Gas Ficld, it
was relocated in Beani Bazar in1999. The capacity of this process plant is 60 MMscfd,
The plant is operated by Programmable Logical Control (PLC) system. The PLC system
of this plant inciudes a tower cyclical control system, ESD logic conirol and monitonng,

syslem
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4.1.3 Fenchuganj Gas Field

Fenchuganj Gas Field is located approximately 40 km away from Moulavi Bazar district
Fenchuganj-1 was drilled in 1960 and terminated &s a dry hole. Well-2 was dnlled in 1986
by Petrobangla to a total depth of 4,977 meters, which is the deepest well in Bangladesh.
Testing has been conducted for over a year and gas, condensate and oil have been
discovered. Sand A is the young folding and truncation at the top of the stratigraphic
section. At B is a possible high angle reverse fault. C, D and E mark respectively the
position at which gas, condensate and oil have been tested. There are three prospective
zones- Upper, Middle and Lower sands. Well-3 was drilled up to 3,057 meter by BAPEX
n 2004

Production from Fenchugani-2 started on May 22, 2004 from the Upper gas zone by the
installation of interim production facilities. Well-3 stated on Janvary 2005 by these interim
production facilities From September |, 2005, production from well 2 & 3 stanied by
newly wstalled silica-gel process plant Process diagram is shown in Pigure B-2.
Cumulative gas and condensate production from this feld was 15,587 Bef and 35,000 bbl
as of August 2005,

4.1.4 Feni Gas Field

The Feni Gas Field was discovered by Petrobangla in 1980 by dnlling well-1 and tested
gas from two horizons, A second, Well, Feni-2, was dnlled 1n 1993 The Feni-2 was
completed in Upper Gas Sand. The Fem-1 was brought into production from the Lower
Sand on September 1991, Due to excessive water production from Ieni-1, the production
was 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 Bef gas and 86,939 bhl condensate

BAPEX-NTK(} 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) ficld is operated by Niko.
Production stated from well-5 in February 2005 The total production of the ficld was
49.082 Bef gas and 97,000 bhl condensate as of August 31, 2005 {includmg BGFCL

period).
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The LTX plant of Titas ficld was relocated at Feni Gas Field in 1991 and Feni-1 gas
stream was processed by this plant, Femi-2 was initially processed by glycol plant of
Karmta Gas Field, later a silica-gel process plant was mstalled 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 B-3.

A widely used system of drving gas is the Propak Systems Ltd. Glyco! Dehydration Unit.
This method provides for absorption of water from the vapor phase into the dry glycol 1o a

gontactoer tower, regeneration of the wet glycol followed by recirculation to the contactor,

4.1,5 Habiganj Gas Field

Habiganj is spatially adjacent 10 the Rashidpur Gas Field {12 Km), the first ever frontal
folded belt discovery by Shell in 1960, Natural gas reserves were discovered in the
Habigan] Gas Field by Pakistan Shell Qil Company (PSOC) with the dnlling of the well,
Habigan] No. | {HB-1} in 1963, The evaluation is cssentially directed to two pay zones
defined in the discovery well IIB-1 of upper gas sand (4,500 - 4,875 ft ss} and lower gas
sand (9,805 - 9,855 fi s5)

PSOQC drilled a second well to appraise the Upper Gas Sand reserves in 1963, Both HB-1
and HB-2 were left as suspended wells vntil final completion operations were undertaken
in 1967, Two development wells were drilled in 1984 under a programmed financed by
the French government. ¥B- 3 & 4 was drilled into Upper Ges Sand approximately 3000
feet and southeast and 4300 f east-southeast of the HB-I/HB-2 location respectively. HB-5 -
was drilled deviated to encounter the Upper Gas Sand at its crest and the Lower Gas Sand
approximately 4900 feel south-southeast of the HB-3 location wm 1989 under an ADB
project. HB- 6 was drfled approximately 6500 feet south-southeast of the HMB-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 currently completed i the Upper (Gas S8and, which is very dry, containing no
condensable hydrocarbons. The Lower Sand is also very dry, containing only trace
amounts of condensable hydrocarbons From the poimt of view of gas processing. both
sands can be considered as dry. Although the gas produced n the production test of the
Lower Gas Sands is very lean, the condensate fraction is still higher than in the Upper Gas

Sands, showing a trend in the increase in the condensate fraction with depth, The test
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production record indicates condensate production at liquid-gas ratios varying from 0.9 to
15 bbl/MMscf, The Habiganj Gas Sands contain a dry gas of relatively uniform
composition. Composed of reughly 97 7 percent methane and in the complete absence of
C3+, the reservoir fuid is classified as a dry gas and is suitable for sales after minimal
(Hz()) dew pomt processing

Initial production from the Habiganj Gas Field occurred from HB-1 & 2 in February 1969
HB-3 and HB-4 were placed on-production in 1984 (mid 1985} and are currently
producing pas to the Habiganj Gas Plamt located al the HB-I/HB-2 surface location. For
wells HB-1 and HB-2. identical irains, cach with design capacity of 60 MMsclid, arc
linked together. In 1985, installed process trains for wells HR-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 HB-7 to 10

wells are producing from Upper Sand.

In present silnation, raw gas from 11B3-1 & 2 are processed by plant | &2 Raw gas from
HB-3 & 4 are processed by plant 3 and that of HB-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 cumulative production of gas and condensate were 1276.04 Bef and 67000
bb! as on 31 August 2003, respectively.

Total six absorption {Glycol Dehydration) plants in this field. Capacity of pump in this
GGeld is low for low content of water in raw gas require low circulation rate of pump. Plant
1 & 2 share the same Condensaie flash tank and Planl 3 & 4 share another condensate
flash tank. The four process trains are tied-in to shared custody transfer, condensate tank
and flare systems Gas processing of plants-1, 2, 3 & 4 are similar. But, in plant- 3 & 4,
Glycol surge tank/accurnulaior and glycol-giycol heat exchanger are separate m this plant
but in plant —1 & 2, are surge tank act as a glycol-glycol heat exchanger & accumulator
where surge tank is a shell side and tube inside the surge tank of heat exchanger 3o, plant-
3 &4, glycol stream of the reboiter is passing through the glycol-glycol heat exchanger to
surge tank but in plant-1 & 2, glycol stream of the reboiler is direct po to surge tank cum
heat exchanger. Besides two gas driven pump use, one pump for to pump rich glycol to
regenerator and another for surge tank to contractor top tray spray in plant 3 & 4. But i
plant 1 & 2 use only one pump for surge tank to contractor top tray spray. Some different
have in between Plant 5 & 6 with others plant Process diagram of all of those plants are

shown in Figure B-4 and B-3.
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4,1.6 Jalalabad Gas Fiehd

Jalalabag gas ficld was the first on-shore gas field to be developed by an I0C under the
Production Sharing Contract Scimilar Oil discovered this field in 1989 and later
Occidental Bangladesh developed this field The wells have been dnlled to a depth of
10,000 A. JB-1 and JB-2 have been completed in BB-70 sand and other two wells, JB-3
and JD-4 have been compleled in BD-60 sand overlying BB-70 sand BB-70 1s
comparatively rich in fiquid hydrocarbons than BB-60 sand. Average depth for the wells i
around 8200 fi. Average initial reservoir pressure in BB-70 and BB-60 sands arc 3516 psig

and 3486 psig respectively and bottom hole temperatures are 146 F respectively.

Well-1 started producing from BB 50 sand and other three wells from BB 60 sand. During
September 2002, well- | & 2 were re-completed in BB70 sands. Now Unocal Bangladesh

is aperator of this pas field.

Production from Jalalabad field commenced in February 1999 and all four wells were
opened up. The cumulative gas and condensate production was 271.272 Bef and
29,697,000 bhi respectively as of August 2005,

4.1.7 Kailashtila Gas Field

The Kailashtila discovery well is tocaled 13 km to the south of the Sylhet wells, and 74
km to the northeast of the Rashidpur discovery. There are three gas beanng horizons, are

as follows:

Upper Gas Sand TFAR3 to 7662 R KB {7422 to 7601 R ss)
Middle Gas Sand G665 in 9734 R KR (9604 to 9673 ft 55}
Lower Gas Sand OROS to 9090 N KB (9747 to 9929 R ss)

The Kailashtila Gield discovery in 1961 was Shell's second in the Frontal Felded Beit
Natural gas rescrves were established in the Kailashtila Field in 1962 by PSOC with the
drilling of KTL-1 (T.1.13,577 feet KB} m the southern part of the Kailashtila anticline,
with gross pay sand thickness of 414 feet (Upper 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 pan of
1982,
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KTL-2 {T.D 10,702 feet KB) and KTL-3 {T.D». 10,853 feet KB} (directionat} were drilled
and completed in the Upper and Middle Sands, respectively, as part of the Gas Field
Appraisal Project. KTL-2 & 3 are | 5 km to the north-northeast of KTL- 1, with gross sand
thickness of 515 feet and 1 km nerth-northeast of KTL-2 at the bottom hole location, with
a gross sand thickness of 327 feet respectively. KTL 4 was drilled in 1996 and completed
in Lower Gas Sand

The rescrvoir fluid for Upper and Lower Gas sand is slightly retrograde at reservoir
lemperature. Volume percentage of Ca, Cs and higher hydrocarbon are higher than other

fields but Jower than that of Beani Bazar field,

The KTL-1 started production on June 28, 1983 by 30 MMscfd Silica gel plamt.
Produciion from KTL-2 and 3 started in February 1995, Afier work over, the well 3 was
re-completed in the Middle Gas Sand and production staried on 26 February 1998, KL 4
started production in March 97. KTL-2, 3 & 4 are processed by 50 MMscfd Molecular
Sieve Turbo Expander (MSTE) process plant Cumulative production of gas and
condensate fom Kailastila Gas Field was 347.205 Bef and 42,600,000 bl respectively as
of August 2005.

4.1.8 Meghna Gas Field

The Megna {Marichakandi) Gas Field located approximately 35 miles east of Dhaka in
east-central Bangladesh. The structure has no surface expression being covered by the
extensive food plain of the Meghna River It was spotted as a pronounced gravity
anomaly in 1953, Shetl acquired single-fold seismic data over the entire Bakhrabad Main-
Marichakandi-Belabo area in mid-196{'s Petrobangla discovered the Meghna Gas Field in
1990. A total of six gas-bearing zones have been identified viz. A, B, C, D, E and I'. The
major gas sands of Meghna Gas Field are A and C sands. New commercial discovery,
encourtered approximately 1600 feet lower and of different depositional facies than the
sands of the main Bakhrabad Gas Field. The reservoirs of the Meghna Gas Field are
named the A to F Sands and have no direct correlation to the similarly named sands in the
Bakhrabad Gas Field.

In total, eight gas sands (six named, two umnamed) have beem encountered in the

Marichakandi area between the depths 7508 to 2917  subsea’



‘A’ Sand {7533-7308 fi subsea) -
'B' Sand (7630-7611 1t subsea} :
'C'" Sand (8727-8697 fi subsea)
'D’ Sand {9596-5578 i subsea) :
'E' Sand (9721-9710 £ subsea) :

'F' Sand (9917-9881 R subsea)

Untested, net 17 R, Gross 25 ft.
Uniested, net 12 fi, Gross 19 A1
Untested, net 30 fit, Gross 30 fi.
Untested, net 11 R, Gross 18 (&
Untested, net 06 1, Gross 11 A,

Untested, net 29 fi, Gross 36 R
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The reservoir fluid of the Megna Gas Field is non-retrograde at reservoir temperature.
tiquid is condensed from the well efluent for temperatures lower than 100 °F. This
representative gas composition contains 98 mole% methane and ethane, with only a small

amount of recoverable Cs. liquids {less than 3 bbl/MMsci).

Well no. 1 was brought into production from 'C” sand on 24 June 1997. Cumulative
production of gas and condensate from this fieid were 34.39 Bef and 53000 bbi until 31
August 2003,

Two Low-lemperature extraction {LTX) plants were originally mstalled at Titas field in
1969 and subsequently relocated to Feni in 1991 and Meghna m July 1996

4.1.9 Narshingdi Gas Field

The Narshingdi Gas Field is located approximately 46 km east of Dhaka. The well-1 {BK-
10), was drilled as parl of the Gas Field Appraisal Project to evaluate the hydrocarbon
potential of the northern culmination of the Bakhrabad structures identified by the
Pakistan Shell il Company in the eariy 1960's The single well penetratmg the two
commercial Narshingdi gas reservoirs was dnlled as a development/exploration well
investigating the northerly extension of the Bakhrabad structure. The gas roscrves
identified through DST evaluation and production testing represent a new type ot gas

reservoir in Bangladesh, namely a stratigraphic gas reservoir.

The gas sands encountered in BK-10 with a 1otal depth of 11,253 ft subsea are two
commercial accumulations of gas. Lower Gas Sand {10,333-10,378 fi ss) and J Sand
(9,506-9.537 1 ss). The 'AZ' culmination of Shell has been redesignated as the 'C

culmination by Petrobangla
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The reserveir fluid of the Narshingdi Gas Field is non-retrograde at reservoir temperature,
Fluid properties for the Upper and Lower (as Sands of Narshingdi Gas Field are
consistent with the mole fraclion compositions. (Gas composition contains over 97 mole %
methane and ethane, with a significant amount of recoverable Cs. liquids (almost 9
bb{MMscf) The Narshingdi reservoir fluid contains a larger percentage of Cq. which is
consistent with testing results in which the condensate-gas ratio was found to be 2.5

bbiMMscf (at separator condition).

Production from this feld commenced on July 25, 1996 from the Lower Gas Sand. The
cumulative production from Tower Gas Sand was 59.142 Bef gas and 133,000 bbl
condensate as of August 2005,

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

installed at Bakbirabad Gas Field in 1984 and relocated to this ficld 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 Bangladesh. Natural gas reserves were discovered in the Rashidpur
Field in 1960 by Pakistan Shell Oil Company with the drilling of the first well RP-1 and
got two pay zones i.e. Upper Gas Sand (4,530-4,825 i KB) and Lower Gas Sand (8,880 -
9. 145 [t KB)

RP-1 was compleled in Upper Gas sand A second well, RP-2 was also drilied along side
RP-1in 1960-61 up to a depth of 15.071 feet. In 1989, RP-2 was re-completed the Lower
(ias Sand. Two new wells RP-3 and RP-4 were dnlled and completed in the Lower Gas
Sand in 1989 as parl of the Gas Field Appraisal Project. During 1999, RP-5, 6 and 7 were
drifled. RP 5 was drilled in Lower Gas Sand (Bhuban Thin Aleraton). RP-6 was
cownpleted in Bhuban Sand and RP-7 was completed in Lower Gas Sand

The reservoir fluid of the Upper and Lower Gas Sands is non-retrograde af 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 classilied as dry gas, and is suitable for sales after minimal (H;0) dew point processing.
Theoretical liquid recoveries based on ficld separator conditions were predicted at 2 21

bbl/MMscf to all lower zone production.
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Production commenced from RP-1 in September 1993 and followed by RP-2,3 and 4
during February to Apri! 1994, RP-5, 6 and 7 were brought inlo preduction during January
2000. The cumulative production from Rashidpur Gas Field was 361 652 Bef gas and
5,13,000 bbl condensate as of August 31, 2005

A Glycol Dehydration process plant of 60 MMsctd capacity is used for processing the raw
gas from RP-1. Raw gas stream of RP-2, 3 & 4 are processed by Silica-gel process plant of
70 MMscl/d capacity. Raw gas stream of RP-5, 6 & 7 are processed by two new Sihca-gel
process plant (2X45 MMscfd). Glycol is similar to newly installed plant of Habiganj Gas
Field (Plant 5 &6). Here, entrainment separator was installed to separate iquid portion of
the gas stream coming from the glycol tower. It is installed for finally remove the dust,
liguid hydrocarbon, waler or other undesirable foregn particle (if any) of sales gas Lower
part of the glycol tower 15 equipped with scrubber section It is remove liquid and sohd
impurities that may carry over from upstream vessels. As a result, the ife of the glycol is
wcreased and is increased the bubble plate elliciency. Process diagram of those plants are
shown in Figure B-6, B-7 and B-8

4.1.11 Saldanadi GGas Field

Saldanadi Gas Field is located in the eastern part Bangladesh in Brahmanbana District it
is a pan of Rukhia anticline Saldanadi-1 was drilled in 1996 by BAPEX There are three
gas bearing horizons: Upper Gas Sand {7352-7057 It), Middle Gas Sand (7235-7039 A)
and Lower Gas Sand (7913-7832 i) Well-1 was completed as a dual producer of Upper
and Lower Gas Sand. Saldanadi-2 was drilled directionally in 1999 by BAPEX, which was

completed as a single producer from the Middle Sand.

From well-1 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, 2001. Cumulative
production of the ficld was 41.838 Bcf gas and 35,000 bbl condensate as ol Angust 2005.

The Glyco! Dehydration Plamt of this field originally was installed at Kamta Gas Field in
1984, Due to shut in of Kamta well, the plam earlier relocated to Fem Gas Field m 1992
For the same reason subsequently the plant relocated in this field in 1997 by the BGFCL.
Block diagram and process fow diagram of the plant are shown in Figure B-9 and B-10.
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4.1.12 Sangu Gas Field

Sangu is an offshore gas field, located at distance of some 40 kilometers south west of
Chittagong, in Block 16. The PSC of Black 16 betwecn Peirobangia, Cairn Energy Plc and
Holland Sea Search Bangladesh B.V was signed in May 1994. The exploration well
Sanpu-1 was drilled in February 1996 and discovered gas Four potential gas-bearing
qands and mumber of minor sands were identified. So far aix wells have been drilled, out of
which four wells are in production, Shell Bangladesh Exploration and Development I3 Y.
(SBED) explores for gas in the southeast of Bangladesh {Block 15 and 16) through a 50/50
partnership with Caim Energy Ple. In addiion, with HBR Energy Tac, the Joint Venture
operates the Sangu Gas Field. In July 1999 Shell took over the operatorship of the Joint

Venture in Blocks 15 and 16 from Cairn.

The Sangu gas from the production platform flows via a pipeline to the onshore gas
processing plant at Chillimpur and is then being transported into the national grid. Both
the offshore production platform and the gas plant ere designed to deal with cxceptional

weather conditions, such as cyclones and floods.

The Sangu offshore production platform is unmanned, operated by a telecommunication
system at the onshore gas processing plant at Chillimpur. An operations crew visits the

platform twice a week to conduct production, maintenance and inspection achvities.

Gas production commenced from Sangu on fune 12, 1998 frem the wells Sangu-3Z and
Sanpu-4. Sangu-5 was brought into production ffom July 16 and Sangu-1 to 4 were
brought into production from October in the same year. Sangu-8 & 9 brought into
production in March 2005 and Sangu-7 were brought into production in June 2005. The
gumulative production from Sangu Gas Field was 330 945 Bef as of August 2005.

4,1.13 Sylhet Gas Field

The Sylhet Gas Field was discovered by the Pakistan Petrolcum Limited (PPL) in 1955.
Sylhet-1 was spudded with a target to drill down to 3,800m, But after cementing of casing
at 2.377m. the well blew out Sylhet-2 was drilled in 1956 but, due to abnormal pressure
cncountered al 2.818m the wellbore was plugged and abandoned Sylhel-3 was drilied
successtully in 1957 and was put on production in 1960 as commingled producer from the

Upper and Sccond Boka Bil Sands In 1962, Sylhet-4 was abandoned due to presence of



abnormal pressure at shallower depth In 1963, Well-5 was drilled as an observation well
to monitor pressure behavior of shallow sands. Sylhet-6 was successfully drilied in 1964
and was completed as selective dual producer well in the Upper and Second Boka Bil
Sand. Sylhet 6 started production in August 1964 Gas production from 2nd Beka Bil was
suspended during March 1988 due to excessive water and sand production Gas praduction
from Sylhei-6 {Upper Sand) continued at about 5.5 MMscfd Sylhet 7 started producing on
April 2005, afler an work over opcration by BAPEX The cumulative production 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 MMscfd capacity is used for processing the raw gas from
this field

4.1.14 Titas Gas Ficld

The Titas anticling is along the strike trend with the western most surface structure of
Tripura, 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 (il
Company {PSOC) with the drilling of Titas Well No. 1 {TT-1) in 1962 The Titas field 1
the largest and most promising discovery in Bangladesh. The gas sands are classified into
two categories: major sands and miner sands Major sands include A2, A3, Ad, B3 and (3
while miner sands include Al, B0, Bi, B2, C1, C2 etc. The individual sands of the B and
C Sand Groups are more consolidated than the A Sands, The hydrocarbon accumulations
of Titas Gas Field are contained in 13 distingt reservoir sands, which have been wrouped

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

PSOC drilled TT-2 in 1962 and deviated well 17-3 & 4 from TT-1 were drilled in 196%.
Petrobangla completed the development of the A Sand Group between 1981 and 1985
through the drilling of the wells TT-5 to TT-7 The TT-5 and TT-7 wells were
directionally drilled from the surface location 1, TT-6 was dilled as a vertwcal well in a
siep-out location (Location Ne. 3) to the north. T1-8, 9 & 10 were directionally dalled n
B and C Sand Groups in 19851987 & 1988 from the surface location of TT-6
respectively. Tilas Well No. 11 was drilled as part of the Gas Field Appraisal Project in
the Northern most in 1990, TT- 12 to 14 (TT-13 & 14 deviated well) were dnlled in A
Sand Group under the Titas Natural Gas {TNG) project of BGFCL in between 1999 to
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2000, Eight wells are currently completed m the A Sand Group: TT-I through T1-7 and
TT-I. The B and C Sand Groups are currenily being depleted on a commingled basis
through wells TT-8, TT-9 and 1T-10. Now, the drilling programmed of T1-15 & 16 are
continued by RAPEX for make up national gas demand.

Commercial production from Titas Gas Field was commenced on February 1969 with
start-up of wells TT-1 and TT-2. Two more wells, TT-3 and TT-4 were praduced on 1970
June 1981, TT-5 was brought on-stream, TT-6 and TT-7 were added in February-1984 and
August- 1985, respectively. Production from the B and C Sand Groups commenced in
February 1086 when T1-8 began operation. Wells TT-9 and TT-10 were added in March-
1989 and September-1990, respectively. Cumulative production of the fietd was 2418 808
Bef of gas and 32,20,000 bb! of condensate on August 31, 2005

At Location 1, the pas processing facilities for each of four wells (TT-1, TT-3, TT-4 and
TT-5) are bascd on the glycol dehydration process (Plant 1, 3, 4 & 5). The pas siream from
the TT-7 goes through a Low Temperature Separation With Glycol Injection (LTS)
process (Plamt 7) tram, which includes a well stream cooler on the miet and glycol
injection for hydrate prevention. Design capacity of the gas processing trains for wells TT-
1. T1-3, TT-4, TT-5 and TT-7 are each 60 MMscfd and process diagrams are shown in
Figure B-11 and B-12. Alse situated at Location 1 are common facilities for sales gas
measurcment and transmission and condensate product storage & transpori, {lare and
utility gas systems. Design capacity for these common facilities, which handle custody
transfer for all wells in Tias Gas Field, are 250 MMciYd of dry gas end 200 bbl/d of liquid

condensate Schematic diagram of Titas Location —1 s shown in Figure 4 2,

Location 2 is comprised of the surface location of well TT-2 and, prior to 1991, a 40
MMscfd Low Temperature Separalion train based on the LTX process, which makes use
of hydrate formation in the recovery of liquid hydrocarbons. As shown in, the outlct dry
gas and condensate streams Irom Location 2 were piped to the common facilities at
Location 1. 1n 1991, the LTX process train was removed from Location 2 and relocated to
the Feni Gas Field, Carrently, the gas stream from well TT-2 15 process parhally by Heater
& K.O. Separator in Location 2 then flow ling is connected to Location | for further
processmg, where il shares the glycol dehydration process trams of wells T1-1, TT-3, TT-
4 and TT-5.
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Figure 4.2: Schematic Diagram of Titas Location-1
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Ar Location 3, the gas processing facthties for well TT-6 are based on the plycol
dehydration process (Plant &), while the gas streams from wells TT-8, go through Low
Temperature Separation With Glycol Injechion (LTS) process trains {Plant 8) and TT-9 &
10 go through Low Temperature Separation With Qut Glycol Imjection (LTS} process
trams (Plant 9 & 10} which include well stream coelers on the inlet. The facilities for we!]
TT-8 also incorperate glycol imjection for hydrate prevention. The Production Facilities
TT-11, located Location 4, is tied-in by flowhne to Locations 3 and shares the gas
processing facilities associated with well 1'7-6. Design capacity of the gas processing
trains for wells TT-6, TT-8, T1-9 and TT-10 are each 60 MMcf/d Schematic for wells
TT-6, TT-8 and TT-11 are presented m Figure B-13.

At Locanon 5, Gas stream of 1T-12 not flow through gas processing facilities due to
excessive water production. Gas stream only pass through K.O Separator then commen
sales Scrubber to R-A transmission line & condensate separate in Skim pit. TT =13 & 14
each po through two newly installed Low Temperature Separation Without Glycol
Injection (L.TS) process trains {Plant 11 & 12} which nclude well stream coolers on the
inlet. Design capacily of the gas processing trams for wells TT-13 and TT-14 are each 60
MMcffd. The outlet dry eas of TT 12,13 & 14 are common facihties for sales zas
measurement and transmission and condensate streams are piped to the commen fciities

at Location 1 storage, transport or furiher processing.



4.2 Process Plants in Bangladesh

Numerous technologies have been developed for gas processing based on a vanety of
chemical and physical principles The selection of the technology and the design of the
overall plant depend on many facters. The following key data / factors are required to

select surface facility / Process Plant:

Reservoir and Fluid data:
s (as reserve/ gas in place
s (Jas recovery
¢ Reservoir deliverabilily
- The deliverability of a well can be estimated by applymg LIT {Laminar-
mernial-wrbulent) analysis,
- The Absolute Open Flow Potential (AOFP) of well is estimated from
deliverability eguation
- Deliverability er producing capacity of a well or field with respect to ttme must
be known for economic evaluation and plannmg equipment purchase
s Reservoir gas composition / fluid analysis:
-Gas 1s dry or wet {containing appreciable heavier hydrocarbon}
-Presence of heavier hydrocarbon fraction
-Amount of condensable hydrocarbons at separator condition
-Presence of water frachon
-Presence of contammnants or undesirable components, such as hydrogen
sulfide and other corrosive sulfide compaunds and carben dicxade etc.
-Presence of water
-Retrograde or non-retrograde at reservorr,
+ Physical and thermodynamic propertics of the reservoir thud:
-Imtial average reservoir stahic pressure
-Reservoir average temperature
-5hut-in wellhead pressure
-Specific gravity, specific heat, viscosity, compressibility factor, critical
pressure and temperature etc.

-Corrosive or non-corrosive

The following properties of gases are essential to design flowlines, flanges, heat

exchangers, separators, vessels and other surface facihties,
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Production forecast /gas recovery period/ Life of the field:
-Total amount of economically recoverable gas
-Constant preducthion penod
-Rate of return and profitability analysis.

Condcensate gas matio;

-Amount of free condensate in the pas stream
-Estimate recovery by a diiferent process plants
-Over all rate of retum/economic feastbility

Water gas ratio
-Qualify reservoir
-Calculate pumping rate / desiccant volume

-Reboiler / Heater duty

The gas compositions of dilferent fields in Bangladesh are shown in Table A-2Z. From this

table, we ohserve that the presence of sulfur compound is ml/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 for sweetening etc is minimal / not required.

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

processing plants are used in Bangladesh:

1
2
3
4,
5
&

Absorption Process Glyeol dehydration plant.

Adsorption Process: Silica gel dehydration plant

Low Temperature Extraction (LTX).

Low Temperature Separation (LTS8} with Glycal Injection.

Low Temperature Separation (LTS} without Giyeol Tmection,

IFPEX QL. Process (Retrigeration process absorption by methanol and propanc as a
refrigerant ).

Adsorption Process with Turbo Expander: Molecuiar sicve cum turbo expander
plant and

Absorption Process with Turbo Expander. Glycol dehydration cum turbo expander

plant.

Each of these processes has ments and dements considering technology, operation,

maintenance, investment etc, Table 4.3 shows the company names, along with the plant

capacihes, manufacturer and year of installation etc. A discussion on each type of plant s

presented in the next seclions.



Table 4.3 : Current Status of Gas Processing Plants in Bangladesh.

Field Type of plant | Mos., Technology Sonrce Year of installation Name plaig | Prescnt Processing Expected
{ Manulaciurer / Supplier) Capacty Capacity (MMscldy | Replacement
(MMscld) Time
Plants -t & 3 | CE NATCO USA, LTD | March, [969 & September, i 45 2006-2007
19649
Glycol Planis - + & 5. | CE NATCOUE. LT, Tune, 1981 al 45 2009-2010
Dehydmtion | 5
Plants -6 MALONEY STEEL L'TD . Febrnary, 1984 Gl 15
CANADA
LTS with ESCHER B.W.. HOLLAND February, 1987 & July, 1987 &0 50 -
glycol 2 Flams -7 & B
injection
Tilas LTS without Plants -0 & 10, |ESCHER BV . HOLLAND Sepiember, 1990 al 30 -
glveol 4
wjection Planis-11 & 12 {HyU DAl Exci. & CORP 2001 &) (£ -
Condensate No | 1980 500 b/ day 350 bbliday 20072003
Fractionation | 2 No. 1 1952 500 bliday | 450 bbl/day -
Scmbber 2 Ngl 1950 250 230 2012-2014
Mol L9R4 1 50 144 20012-2014
Plants - | & 2, |P T. AVLAU INDONESIA May, 1981 & 45 2010-2011
FABRICATORS.
Giveol DNDONESIA,
Habigan; Delydration Plants -3 & 4.| BLACK, SIVALLS A Jung, 1985 73 &5 -
O BRYSOW. FRANCE
Plants -5 & 6 ESCHER HOLLAKD 2001 T4 75 -
B.Y. THE
WETHERLANDS
Silicagel Train AB, & C [SEAMORE OIL AND GAS October, 1986 60 50
Delwdration | 4 PROCESS, NEDERLAND
Bakhrabad Trin P |ESCHERB)Y , HOLLAND December, 1984 60 &l
Fractrongtion | 1 - QL 754 bbl/day 600 bbliday -
plami

9t



Tahle 4.3 (Cont’d) : Current Status of Gas Processing Plants in Bangladesh.

Field Taipe of plant | Nos. Technology Soures ¥ear of instzllation Mame plate | Present Processing Expected
( Manufaciurer / Supplien Capacity  [Capacity (MMSCFD) | Replacement
{Mbdscid) Time
Glycol Firsl installed at Bakhrabad i 40
Marsingd absarption 1 ABAX. CAMNADA field in 1934, relocated to
Warsingdi field 1n 1994,
First installed al Tilas 2006
inl%69, relocated 1o Feni
Meghng LTX 2 CE NATCO UK. LTD. field in 1994, relocaled to 20 15
Meghna figld m 1¥57
Salhet Silica gel 1 1952 30 kL] -
{Haripur}
Glveol 1 SEAMORE Q1L AND GAS PROCESS, 1993 4] o4} -
Rasidpur debydration NEDERLAND
Silica gl 2 CHINA HUANOQIU CHEMICAL ENGG. 2004 45 15 -
CORP.
Silica gal EACHER B.V., HOLLAND 199 70 70 -
Silica gel 1 - 1983 o 30 -
Kmtashtila ™ qeiscniar | 1 | ABE RANDELL CORPORATION, TEXAS 1995 90 20 -
Sigve - Turbo
¢xpander
- First installed at Feni field m &0 o0 -
Beanibazor Silica gel | 1484, relocated to
Beanibazar field in 999,
First installed at Kamia in 20 20 -
Saldannd: Glyeol 1984, relocated to Feni field
dehydration 1 ESCHER B,V., HOLLAND in 1994, relocated to
Salganadi field in 1998,
Fenghuganj Silica gel 1 CHINA HUANQIU CHEMICAL ENGG. 2005 60 a0 -
Dehydration CORF.
Feni Glyveol 2 PROPAK SYSTEM LTD. CANADA 2005 20
dehydnation
Moulobiba-ar - K5 - - -
Jalalabad IFPEX(OL I IFPEXOL, FRANCE 1999 130 130 -

LE
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4.2.1 Absorption Process: Glycol Dehydration Flant

In an absorption process, the extent of dew point depression 1s determined by mlet pas
temperature and pressure, lype of liquid absorbent used, concentration of absorbent,
circulation rate and the quantity of contaminants in the absorbent, Where maximum déw
point depression is desired, maximum glycol concentration is required. This requires

maximum safc regeneration temperatures, in either conventional or gas sinpped 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 corrosion to the pipeline. The formation of gas hydrates, which are
crystalline structures, will result in the reduction or blockage of flow in natural gas
gathering systems or transmission lines. Conditions that promote hydrate formation are the

presence of free water, low temperature and high pressure.

Tricthylene is the most predommantly used glycol for dehydration and has largely
replaced diethylene for this purpese Tricthytene giycol has a higher decomposition
temperature than diethylene, and can be reconcentrated Lo a higher deeree, with a resultant

increase in dew point depression.

There are sixicen glycol process plants focated at different fields as shown in Table 4.4 In
most of the plyeol plants, processing procedure are similar, but giycol regeneration

systerns are dillercnt,

Table 4.4 : Glycol Dehydration Process Plants in Dilferent Fields.

Name of The Gas Field | No. of Process Plant Capacity ol Plant (MMscfd)
Fem 2 2X20
Habigan] 6 2X60+4X75
Warshingdi 1 60
Rashidpur 1 60
Saldanadi 1 20
Titas 3 S X 60
Total 16 50
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1n addihon 1o the ones mentioned in Table 4 4 four glycol related plants are installed in
Titas and Sangu Aelds. In Titas, two LTS with giycol injection plants are insialled. Where
giycol regeneration systems are quitc similar to a typical glycol dehydration plant. Two
plycol with turbo expander plants are installed in Sangn field. Tn those plants the glycol
dehydration and regencration systems are also quite similar to a typical glycol dehydration

plant.

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

in the following sections.

4,2.1.1 Equipment Description
Generally a glycol plant consists of the following major components/systems:

i Pressure Reduction {nif

There are two pressure reduction valves (in parallel complete with necessary isolating
valves), one operating and the other standby to reduce line pressurc to plant operating
pressure by a pressure controller receiving signal from downstrcam of the pressure

reduction valves.

ii. fnlet Water Barh Heater

An inlet water bath heater is required for each plant to prevent formation of hydrates in the
pressure reducing choke valve when incoming gas 15 cooled. If the possibility of hydrate
formation in the pas gathering pipelines, this raise the temperature above the hydrate

{ormation,

jii. Hiyh Pressure Inlet Knock-out Separator

Removal of free water, free liquid hydrocarbon is done in the inlet knock-out scparators.
Separator operates basically upon the principle of pressure reduction to achieve separation
of pas 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 de-mister pad, liquid level controller etc. Liguids extracted at this vessel are

dumped to flash separator afler level control of liquid.
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v. Udyeof Comtactor fower

Tri-ethylene glycol contactor tower dehydrate the wet gas comng from inlct separator
The dry gas passes over through the top of the tower and water-rich glycol is 1o be
collected at the bottom and discharged to the regeneration unit. It is equipped with bubble

try, mist extractor, level controller & safety valve etc.

v. CGas-Giveol Heat Fxchanger
Gas-Glycol heat exchanger cocls the glycol coming from regeneration unit and heats the

processed gas from the glycol contactor tower. 1t is either fin tube or shell wube exchanger.

vi. Soles lme Scrubber / Filter Separator
Sales line scrubber or filter scparator is finally removed the dust, liquid hydrecarbon,
water ot other undesirable foreign particle for supply of clean gas. Most of the scrubber is

horzontal single or double tube vessel

vii. Metermg Station

Dy gas from glycel absorber tower (via. scrubber) is supplied to sales/transmrssion line.
Orifice meter are adopted for the natural gas flow calculation by the flow computer on the
outlet line of the plant. Three pen type (Mechanical recorder) is installed alse for record
flow rate {differenl pressure), pressure, and temperature. A [low control valve is control

the flow of sales line.

viti, (Hlycof Kegeneration Uit

Glycol regeneration unit comprising of glycol flash separator, glycol-glycol heat
exchanger, glycol reboiler, glycol pumps, still column, glycol accumulator ete. This umt
regenerates the water rich glycol from contactor tower The wet glycol flows through low
pressurc three-phase separator where the entrained gas and any liquid hydrocarbons
present are removed. Glycol-glycol heat exchanger cxchange heat between lcan glycol
From the reboiler and rich glycol from the glycol tower. Air-glycol heat exchanger is used
to maintain the glycol temperature with respect to pump tolerable limit, Two types of
glycol filter are used to remove solids by a sock filter and to absorb small amounts of
hydrocarbon by a charcoal filter that may build up in the crculatung glycol. Four energy
exchange type or pas driven phunger type glycol pumps are mstalled for imjection of glycol
to tower. Water vapour from still column shall be accumulated to a vapour drum through a
cooler for disposal of water 1o skim pit and vapour to a vent stack provided by the

Coniractor
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iv. Condensate Flash Separator

Water and condensate from high pressure inlet separator and glycol centragtor shall be
dumped to this fash separator. Condensate and water afler separation in this flash
separator will be automatically transferred or pumped to production/condensate 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/pneumanc flowmeter for

measuring flow per day

x Fuel & Instrument gas system

‘Lhe flashed gas from the glycol & condensate flash scparator is used within the plant as
fucl & instruments gas for processes. The shonfall is made-up by the letting down sales
gas by the regulator The fuel & instrument gas enters the scrubber for the removal of the

entrained liquid before distributed to the ulility fuel & instrument gas users.

xi. Controls & Instrumeniaiion

The plant has a simple control system. Pneumatic or Electro-pneumatic controls are used
All instruments shall use instrument gas and flow and pressure control systems shall be
preumatic. Temperature, pressure, ditlerential pressure & flow controls, recorders,
gauges, switches, alarms and indicators are provided to allow proper and satisfactory
operation, control and monitoring of the plant. An annunciator panel to be located inside
the operator room for annunciation of critical parameters such as high pressure and
temperature, pilot & bumcr outage of heaters and reboilers, liquid level of vessels,

shutdown annunciation for ESDYYs eto,

Each plant inlet & cutlet is provided with pneumatic emergency shutdown valve (ESDV),
which shall be activated, by high plant inlet pressure and other parameters, which the
Contractor considers critical and essential for smooth operation of the plants The ESDVY
shall also be activaled by manual push buttons to be located in the plant area as well as in

the remote annunciatoer panel

xii. Waste Water System

Oily water separator, Skim pit and soak pit are used for to remove water, condensate and
suspended solids from wastc water from the tanks, separators etc. The waste water
maintain of suitable quahty for disposal in the soak away pit with oil content less than 20

ppm and oil particle nol greater than 10 micron
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xit. Natural Draft Air Coaoler, Vapor
The natural drafi sir cooler, a vapor drum and a vent stack are used for optimum recovery

of condensate/water vapor from glycel regenerator/siili column of the plants.

xrv. flare Systenr

The connections from this process plant to the flare system to burn unwanted gas from the
(lash separators, safety valves ete. and to depressurize the plant whenever is required. The
depressurize line from the plant are connected through a mamfold with a flare off-take.
Necessary non-return valves are to be provided in each depressurizes line to prevent (lash

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

v, Condensate Storage {ank
Two cylindrical welded cone roof or rectangular condensate storage tank 1s mstalled with
plant One tank use as production tank and another use as delivery tank. The tank will be

provided with filling, transfer and discharge systems by condensate pump.

xvi. Fire umd Safety System
The plant fire water system cquipment consists of fire extinguisher, foam fire fighting
systern, 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 equipments’components described in above are not installed n every glycol
dehydration process plant. Moreover, same equipment of different types is installed in
different plants. Pressure reduction unit, ghyco! contractor tower, condensate Hash
separator, reboiler, still column, recording system, fuck & instrumeni gas system, flare &
burn pit, waste water system etc. are similar type installed in every glycol dehydration

plant 1n Bangladesh.
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4.2.1.2 Process Description:
The following basic operations are performed in the glycol dehydration plant:

i. Pressure reduction, flow recording & heating

Well head pressure is in the region 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 afler 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 feed gas 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 used to raise the temperature of the gas
stream The coil tube water bath heater always keeps the water temperature above
50~90°C, the eas stream across the inlet water bath could be above the hydrate limit all
time. To prevent the formation of hydrate, inlet water bath heater is provided in the down
stream of the plant inlet header. If production from two or more gas wells m the gas field
then more than one fow recorder (three pen type mechamical recorder / flow computer)

are used for record (ow rate {dilferent pressure}, pressure, and temperature of each well,

ii. High pressure liguid knock-out

Raw pgas from well carnes some free liquid is separated from gas stream by a knockout
separator, A pressure contrel velve is installed at inlet of knockout separator to step sown
the (lowing gas pressure and to maintain the pressute of the separator at desired range.
Drop in pressure of flowing gas stream after control valve causes expansion cooling of the
gas stream wto Lhe separator, form droplets of liquid in gas stream, and separates the
liguid from gas stream at coalescing plate into the separator. Raw gas from well also
carries also some solid debris, which is separated from pas stream by a knockout

separator Block diagram of glycol dehydration process is shown in Figure 4 3.

. Absorption of water vapor from gas stream (deRydration)

Outlet gas from separator containing some condensable hydrocarbon and saturated water
enters a verlical contractor tower, Tower containing bubble-trays is used as absorber. The
purpose of the bubble cap is to break the gas into many fine stteams to provide intimate

comtact of the gas and glycol, permitting the absorption of the water vapour into the glyeol.
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Wet gas afler scrubbing of (ree liquids, enters comtractor Lower below the bottom tray.
Reconcentrated glycol 15 pumped to the top tray by glycol pump and then downward to
cach succeeding tray until it is accumulates in the base of the contactor. So, the wel gas
passcs upward through the bubble caps, counter currently contacting the lean glycol as the
ghycol passes downward Irom here the wet glycol passes through either a diaphragm
control valve actuated by a liquid level control or through the drive side of a glycol-
powered pump. The liquid level control is required when either gas driven punips are
used. A level controller is not required with the glycol-powered pump. The glycol will
absorb heavy hydrocarbon liquids present in the gas stream  Accumulaied hcavy
condensate over the level of water-rich ghyeol 15 sent to condensate [lash scparator afer
maintaining the level by the level conivol valve. Alter the gas stream 'eaves the ¢ontaclor,
it Bows through a pasfulycol exchanger comiaiming the warm the glycol feed to the
contactor. This provides cooling of the glycol before direct contact with the gas stream on

the top tray.

. Reconcemratron of water rich glycol (evaporation)

The wet glycal flows through a glycol pump of pilot side to drive the pump & Lhen flows
10 a optional low pressure separator operating at 35 10 50 psig wherc the entrained gas and
any liquid hydrocarbons present are removed. This honzontal glyeol separator is a
standard three-phase vessel designed for at least 15-30 minutes retention time. The gas

from the glycol separator can be used for fuel gas/instrument gas

The glycol then Mows through the glycol/glycol heat exchanger of tube side for preheated
where the rich glycol (shell side) is heated by the hat lean glycol to approximately 130°F
to 150°F. The preheated glyeol then [lows through a glycol filter to remove solids, Filters
are narmally designed for the removal of 5-micron solids, The filters help minimize
foaming and sludge build-up in the reconcentrator. The preheated glycol then Aows
through the reflux condensing coil m the still column mounted on the reconcentrator,
which opcrates at atmosphenc pressure As the glycol falls through the packing in the snll
column, it is heated by the vapors being beiled off the liquids in the rebotler. The falling
liquid gets hotter and hodier. The pas flashing from this liquid 15 mostly waier vapor with a
small amount of glycol Thus, as the tiquid falls through the packing it becomes lcaner and
leaner in water Before ihe 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 1o 50% of the rising water vapor. This develops a
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reflux liquid strcam, which reduces the glycol losses to atmosphere to almost zero. The
waler vapor cxiting the top of the still contains a small amount of volatile hydrocarbons
and is normally vented to atmosphere at a safe location. The water vapor can be condensed
in an aerial cooler and routed to the produced water treating system to eliminate any
potential atmospheric hydrocarbon eniission The glycol hquid in the reboiler is heated to
340°F to 400°F to provide the heat necessary for the still column to operate The wide
difference in the boiling points of water and glycol provides an easy, elfective scparation

of the two components,

The lean (hot reconcentrated) glycol flows from the reboiler through a downcomer pipe
into a surge lank, which could be constructed, as an integral part of the rebotter The surge
tank must be large enough to allow for thermal expansion of the glycol and to allow for
reascnable time between additions of glycol. Some plants the surge tank acls as a reservoir
as well as normally containing the glycol-to-glyeol heat exchanger. In order to obtam
higher glycol concentration a stripping gas stream of 1-3 scffgal. of 1EG 1s introduced
into the regenerator surge sectiom to flow countercurtent through the packed section
between the rcgenerator and the surge 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 glycal dehydration plant is shown in Figure 4.4,

v. Safes gas handiing

Gas from glycol absorber tower 1s suppled to salestransmission line. Onfice meter are
adopted for the natural gas [low calculation by the three pen type mechanical recorder for
record flow rate(different pressure), pressure, and temperature on the cutlet line of the

plant, Flow compuler also use for recorg of low as well as others sales parameters.

vi. Cendensate stabilization (flashing and separatmg), storage aond hamrding

Liquid from knockout separator is [lashed at 35-50 psi imo a three phase condensate Mash
separator The vessel is divided into two compartments by an overflow ballle. The first
compartment provides the required residence time for the hydrocarbonfwater condensate.
Two level controllers are provided for the vessel. Aninterface controller, which senses the
interface and controls the condensate/water interface by controllmy water flow through
control valve & another controller, controls the condensate level by controlling o1l flow
through contral valve. The gas line from the scparator is connected to route {uel gas to the
Fuel gas system The operating pressure of the separator 1s controfled by back pressurc

regulator, The water from the separator is routed to the skim-pit, Condensate from [lash
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separator is released to atmospheric pressurc at production condensate tank wlhere
hydrocarbon condensate and water stabilize and separate mio phases. Hydrocarbon

condensate accumulated in the production tank s transferred into storage tank for sale.

vii. Fael & Insinament gas sysfem

The flashed gas from the glycol & condensate flash separator is used within the plant as
fuel & nstruments pas for processes (e.g linc heater, reboiler, gas generator, llare pilot
and domestic uscs etc }. Duning normal plant operation, the fuel gas demand is expected to
be higher than the flashed gas low three phase separator The fucl & instrument demand

in cxcess of Mashed gas is met by tapping the dned gas from sales line,

vii. flare system and bum-pit
Gas from pressure retief devices within the plant is vented into a flare header. Flashed

aases in cxcess are also vented through flare header.

ix Waste water freatment

Water production from three phase condensate flash separator is accumulate in skim-pit
Water accumulated in production tank is 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. Fire amd safety system

The plant fire water system equipment censists of the followmng:

- The fire extimguisher can be used to cxtinguish minor fire in the initial period.

- Mobile foam unit can be used to extinguish the ground-level spill fire of liquid of
flammable liguid in the area of 1ank yards where [lammable liquid is stored. Foam fire
fighting system cemsists of foam tank, foam proportioner, air foam chambers, foam
distrbution piping and manifold.

- Smoke detector and Heat detector are monitored by a central fire alarm panel installed in
the control room

- The fire fighting pump will be staricd up automatically when the lire fighting equipment
opened.

- The electrical jockey pump to maintain the hydraulic pressure of the fire highting system.

- Fixed water cooling systcm consists of valves, fire water spray ring and spray nozzles
ete.

- The fire hydrants ta cool the tark, put out firc and supply fire water to fire engine.
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4.2.2 Adsorption Process: Silica-Gel Dehydration Plant

As an adsorption process, the exient of dew point depression is determined by inlet gas
temperaturc and pressure, type of adsorbent used. This dehydration process, which lowers
ihe water content of natural gas, will prevent the formation of hydrates. A secondary
benefit, which results (rom the removal of the free water and recover of [ree liquid
hydrocarbon {"associated condensate”} are done in the inlet knock-out separators.
Removat of waler vapour and recover of vaporized heavy hydrocarbons ("recovered
condensate”} are done in the Adsomption towers using Sorbeads as adsorbate in most of the

ficld.

There are eleven silica eel process plants located at different fields as shown in table 4.5,

Table 4.5 : Silica Gel Dehydration Process Plants in DifTerent Fields.

Name of the gas field No. of Process Plant Capacity of Plant {MMscfd)
Bakhrabad 4 4 X 60
Beanibaxar i 60
Fenchuganj 1 60
Kailashtila 1 30
R.ashidpur 3 60 +2X 45

Sylhet 1 30
Total 11 370

General deseription of equipment and process of a Silica Gel plant are presented in the

following sections.

4.2.2.1 Process Equipment
(ienerally a silica kel plant consists of the following major components/systems:

. Mlow e aid shut-in valie

The Rowlincs tun of dilTerent wells from different location to the Silica Gel Unit, Shut in
valves are ball valves with spring loaded-actuators which close incase of ESD in
flowlines. The ESD Valves are localed on site on the inlet manifold skid The pressure
control valves are conventional control valves with pneumatic actualor and valve

positioner, The controllers are located in the control room panel,



3

i, ffer water bath heater / Well stream heater

Well stream heater is a horizontal indirect gas fired water bath heater, The gas is heated in
the intcrnal coils. The top of bath vessel is mounted wilth an expansion tank. The heating
medium used is hot water. The bath vessel is insulated with a insulator such as glass wool.
A removable Frebox consisting of bumer assemblies complete with a solenoid valve,
safety solenoid valve and a (lame arrester is connected to onc cnd of the vessel Generally,
heat is supplied 10 the bath by means of one fire tubcs and two flue tubes connected to the
burners at one end and to a flue gas stack at the other end. The natural gas from inlet
header will be heated in heating gas coils, consisting of group of coils and welded onto the
vessel and immersed in the hot water The temperature of gas is controlled by bypassing, a
part of the gas across the heater via the temperature controller. The heater 15 equipped with

a salety shut down panel local to the heater.

The fuel supply to the heater is routed to the heater from the fuel gas scrubber, The fuel
gas is filtered in the fuel gas scrubber, before passing through the burner control assembly
to the box. Other instnuncntation provided for the heater includes leved, pressurc and
temperature gauges at various locations, and pressure/vacuum relief valve on the fuel gas

line.

., fedef knock- ot separator

The Inlct Knock-out Separator is a horizontal/veriical separator Skid mounted with ail
automatic [evel conirols and liquid and gas outlet piping. The heated gas from the inlet
water bath flows into the inlel separator, This vessel contains a vane type demister at the
top, which removes any entrained liquid Condensate collected in this vessel is drained
through level control valve, and sent to the heavy condensate three phase scparator, and

the water to the condensate/water separator,

., First stage scruhber
The first stage scrubber is a vertical gas/liquid separator to remove liquid portion from wet

gas stream

v Inlet filter separator
The entrainment separator is a horizontal Rlter separator with removable interna! filier
elements to remove any vapour which might carmy over from first stage scrubber. The type

of two section [ilter separators has a high efficiency since 1t uses hlter elements {tubular
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cartridges) in the first section and a vane nist extractor pack or in altemalive a wire mist
eliminator in the secend section The gas stream enters the inlet nozzle and passes through
the filter section where solid particles are filtered and liquid paricles are coalesced into
large droplets. The major quantity of these droplets is collected in the first stage of the
sump. The remaining droplets pass through the tubes and are entraned in the sccond
section of the separator, where a fine mist extraction element removes these still entramed
coalesced droplets from the gas stream, These droplets are then collected in the sccoud
stage of the sump The different levels of condensate in the sump are controlled by contrel
valve in the separator's liquid outlet line. The liquid outlet connects with the condensate

tine from inlet scparator into the heavy condensate three phase separator.

The Flter separator is designed to remove liquid particles down to S-microu size A high
pressure drops of about 0.2 barg or morc would indicate the elements are clogged and
need rcplacement. Separator drain lines are provided from the first and second stage sump

connected to the oilfwater separator,

vi Desicoant kowers

The desiccart towers are vertical vessels containing desiccant materal, supporicd on
ceramic halls, supported i turn by a grid plate bolted onto supported beams. Annlet gas
distributor is provided at the tower top to introduce the gas radially at a lower velocity. A
laycr of ceramic balls is provided at the top of the desiccant bed. The desiccant tower has
internal insulation with centrifugal glass wool contaned in a stainless stee? shell
Manways arc provided for filing and cleaning out purpuse. Generally, the desiccant shall
be lain twa layers, the super stratum is "Sorbead WS silica-gel, which is mostly, adsorb
water, substrate be "Sorbead H". The layer is detached by a separaled scrcen Depending
on the operating mode, a tower will receive either 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
rapidiy by the top layer of the bed and the remaining natural gas components are adsorbed
in lower layers in different zones The zones travel downwards and the break through of
each component occurs at a differert time. The adsorption cycle time 1s decided based on
the optimum hydrocarbon cut that is desired 10 be achicved. For the Silica gel Type gas
process plant the cycle time considered in the design is 30 mimtes (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 -15°C with
the normal operating conditions The water content in the outlet gas is designed to be less
than 7 IbsMMSCF at normal conditions,

A pressure drop of about 1 § bar will take place across the desiccant bed during the normal
desiccant life. As the desiccant ages, the pressure drop will increase due to the gradual
breakage of the desiccanl. Abnormal increases m the pressure drop would indicate a high

degree of breakage.

vil. Switching vahe skid assembiy
This skid holds all piping manifolds and switching valves needed to direct the ditferent

types of gas through the dry desiccant towers.

vili Sarfes gas fifrer

The dry gas from the desiccant tower in the drying mode flows to the sales gas filter The
flicr is designed to remove solid particles of sizes down to § micron size, the hgh
pressure drop across the filtering elements indicates a build up of impuritics and the

elemenis would need to be replaced.

ix Meiering station

Orifice plate together with differential pressure transmitter is generally used for the natural
gas flow rate measure. Generally, 1Yaniel type orifice meter are adopted for the natural gas
totalizer on the intet line and the flow computer on the outlet line of the plant. The sales
gas production from the plant, is metered through 2 X 100 % {duty and standby) custody
transfer onfice meter runs, and recorded by flow recorder with pressure and temperature
compensation, Each gas meter run is provided with a orfice fitting capable of orifice-
plate change-over while in service The Tlow Control Valve is a butterlly valve,

comtrolling the silica gel units through put

Electronic flow meter is adopled for the local display and totalizing of the fuel gas and
instrument pas. Three pen type (Mechamcal recorder) use alse for record flow rate
{dilferent pressurc), pressure, and temperature. Mechamcal type oval gear Hlow meter-a
kind of PD meter, are used for the local totalizing of the condensate from tank to loading

area
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x. Negeneration gas heater

The regencration gas heater is a horizontal il bath type heater, indirect gas fired The top
of bath vessel is moumted with an expansion lank. The Lleat transfer medium is thermal
oil, a proprietary heal transfer fluid The gas flows through removable U-tube bundles,
which are submerged in the hot oil. The loeal panel provides burncr management and
safety The bath vessel is insulated with a glass fiber layer A removable firc box burner
consisting of two burner assemblies compleie with a two stage solenoid valve, safely
solencid valve and a flame arrestor is connected to one end of the vessel. Heat is supplied
to the bath by means of two fire lubes connccted (o the burmers at one end and to a flue gas
stack at the other end. The regencrahion gas heating s carried out in a heating gas bundle,
consisting of coil, welded onto the bath vessel and immersed in the hot ol The
temperature of gas is controlled by bypassing, a parl of the gas across the heater via Lhe

temperaturc controller,

The fuel supply to the heater is routed to the heater from the fuel gas drum The fuel gas 13
filtered in the fuel gas scrubber, before passing through the burner conirol assembly to the

firchox,

The heater start up, shut down and controls are by means of a bumer management system.
Refore ignition of the burners, the upstream line must be kept in straightway The heater
contro! panel is located at the edge of the heater. Other instrumentation provided for the
heater includes level, pressurc and temperature gaupes at various locations, and

pressure/vacuum relief valve on the fuel gas linc and the expansion vessel.

x1 (ras-gas exchanger

The gaw/pas exchanger is a shell and tube heat exchanger with "U" type removable bundle.
The regeneration gasfeooling was exchanger preheats the feed gas to the regeneration gas
heater with either the hot cooling gas {during the initial stages of each operating cycle) ar
with the hot regeneration gas (during the final stages of operating cycle}. The cool feed
gas flows in the tube side of the exchanger, while the hot Tepeneration pas / cooling gas
flows in the shell side The swilching of the shell side Auid from the cooling pas to the
regeneration gas is by means of the PLC, with the switching point being determined by

temperature detection of the warm cooling gas from desiceant tower.



54

xil. Regeneration gas conler

The Regeneration gas coolers are forced draft coolers with electric motor driven fan and
finned tubcs One umil is stand by. This cooler further cools the wet gas from the
regeneration gasfcooling gas exchanger on regenerating cycle line. From the cooter gas,
some gas condensed is routed to the regeneration pas 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 low required for the exchanger. The air coolers are protecicd from wibration

cutout switches,

xii, Cooding gas cooler

The Cooling Gas Coolers are forced drafl coolers with electric moior driven fans and
finned tube bundlzs. One unit is standby This cooler further cools the wann cooling gas
from the regeneration gas/cooling gas exchanger on cooling cycle linc From the cooler
gas is routed to the sales gas filter. The air cooler consists of a single tube bundle Each
fan are located below or top the tune bundle, to provide the cooling air fow required for

the exchanger. The air coolers arc protected from vibration cutout switches

xiv Kegeneration gus seporaitor / scrubber

The regeneration gas scrubber 1s a 2 phase separator The cooled regeneration gas from the
repgeneration gas cooler flows to the regencration gas separator, a vertical vessel provided
with an angle vane type demister to remove entrained hguids. The condensate collected in
the vessel is remaved through level control valve, and sent to the light condensate three

phase separator

xv. Heavy condensate thiee phase sepavator

The separator is a horizontal, 3 phase low pressure separator. The vesset 15 divided into
two compariments by an overflow baflle. The first companiment provides the required
residence time for the hydrocarbon/water condensate Two level controllers are prowided
far the condensatefwater interface level and the condensate level An interface controller,
which senses and controls the condensate/water interface by controling waler flow
through control valve The pas line from the separator is connccted downstream of
pressure controd valve to route fuel gas 10 the fuel gas system. The condensate from the

separator is routed Lo the condensate storage tank and the water to the oil/water separator .
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xvi, Light condensate three phase separator

The scparator is a horizontal, 3 phase low pressurc scparator. The vessel is divided into
two comparlments by an overflow balfle. The first compariment provides the required
residence time for the hydrocarbon/waler condensate. Two level controllers are provided
for the vessel An interface conuroller, which senses the interfacc and controls the
condensate/watcr mterface by controlling water flow through control valve & another
controller, controls the condensatc level by controfling oil flow through control valve The
gas fine from the separator is connected downstream of pressure contrel valve to route fuel
gas to the fuel gas system. The operating pressure of the separator is controfled by these
PCV. The condensate from the separator is routed to the condensate storage tank and the

water 1o the oilfwatcr separator,

xvil. Condensate storage tank
The associated condensate storage tank is a cone roof tank. The tank is provided with
flame arresler, utility connection, and a foam chamber for fire fighting. Instrumentation for

the tank consists of & level gauge and sample connections,

xvill, Condensaie fransfer pump
Condensate is transferred from the condensate storage tanks to platform by means of
condensate transfer pump The pumps are provided with suction stramers, onfolf

indication and handle switch

ixx. Frocess / wiility fuel gas drum

The el gas knock-out pot is a vertical vessel with a design pressure of $-10 barg at 70
deg.C. Nominal operating pressure is 6 barg at an expected temperature of 9.8 deg.C. Gas
from the heavy and light condensate threc phasc separators flows nlo the pots During
normal planl operation, the fuel gas demand is expected to be higher than the gas [low
from heavy & light three phase separator. The shertfall 1s made-up by the letting down
sales gas into the fuel gas drum by the pressure control valve and reguiator from the
knock-ocut pot, the fuel gas is routed to the vanous user points, e.g the heater and power

Feneratar.
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xx. Flare knock ont drum

The flare k o drum is a horizontal/vertical vessel with a design pressure of 10-12 barg at
70 deg.C. Nominal operating pressure is 0 5 barg at an expected temperature of 40 deg.C.
Gas from fuel gas drum & heavy & light thiee phase separator flows into the L P flare
header. Gas [rom desiccant towers, inlet scparator & ket header flows into the H.P.Aare

header. The two [are headers mix and then flow into this drum.

xxi. Oif Awaler separdafar

The uily water from the flash separation of proccss streams 18 separated in the oil/'water
separator to bring down the oil content in water 1o less 20 ppm before the water is
discharged out of the unit. The oil/water separator is a proprietary design unit containing
oil-contaminated wasiewater pond, energy elimination pond, ete. in package oil-
contaminated waslewater treatment and recovery oil tank. The ol water from the process
plant first goes from wastewater pond to ercrgy climination pond by (wo oily watcr pumps
and then flow to oil-contaminated wastewaler treatment by gravity. The integral oil
compariment is flow to the recovery oil tank by recovery pump. The treated watcr from
the separator flows to underground. The wasted oil in the recovery oil tank can be

collected into barrel by hand

xxn. Power gererarion system
The power requirements of the {acility will be mel by three gas generators (ome in
operation, one on stand-by and the other one assumed (0 be under maintenance) Power

Factor Improvement Capacitors are provided to maintain a power factor of 0.85

xxiii. fastriment air systen equipment

Compressed air for instrumentation is supplied by an air compressor package consisting of
two air compressors Each compressor is equipped with an air cooled afier cooler. The
normal mode of operation for the compressors is to have one selected to operate in running
and ihe other on stend by mode, Operation is controlled by pressure swalches located on
the air receiver through a local control pancl The air compressor control system inchides
such fowing Pressure switches functions. Air s discharged from the compressors via the
air drving system to the air receiver. The air drying system consists of pre-filters, heatless

type desiceant drying towers and after-filters,



57

xxiv, Conirof system

The whole plant control sysiem, which located in control room consists of four instrument
panels with mimic board and panel mounted instrument, PLC system together with
accessories mounted in cabinels and IIMI station, for sequence control, interleck logc,

LESD and tank volume conpensation,

xxv field insrrvment

Field instrument are installed in the Feld for measunng process data. All elecironic
instrument and wiring arc suitable for use in the relevant hazardous area classification,
generally designed as mtrinsically safety type and explosion proof tvpe, if it is not

available.

xxvi. Safety eqpapment & pas defection system

Onher safety equipinent located m the control room 1s.

- CO;z extinguisher
- Manually raise the alarm from control room or from field by breaking Manual
Call Point (BGU)

- Smoke detector and Heat detector

Manua! push buttons strategically installed around the areas within the plant B.L. Totally
mine sensors are strategically located all over the plant in order to guarantee & prompt
detection of any possible leakage of natural gas from the process. The detectors are
monitored by a central fire alarm panel installed in the control room. The panel is set up
on 3 zonal basis to clearly show the status and location of the alarm.

Monitoring system is conventional pancl in control room wath alarming signal to alert

operaling personnel of any dangerous siluation reached in identified area,

xxvil. 'ire fighting system equipment

The plant fire water system equipment consists of the following:

- The fire fghting pump located in the punp shed near the fire water reservoir. if a fire
does oceur on the plant, the pminp will be started up automatically when the fire fighting
cquipment opened.

- The electrical jockey pump located i parallel with the fire fighting pump. Tt worked 10

maintain the hydravlic pressure ol the [ire fighting system dadly.
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- Fixed water cooling system consists of valves, fire water spray ring and spray nozzles
ctc.

- Foam [ire fighting systemn, which is fixed type, consists of foam tank, foam proportioner,
air foam chambers, foam distribution piping and manifold.

- The fire hydrants which are connccted to the fire water main can be used to cool the tank,
put out firc and supply [ire water to fire engine,

- Mobile foam unil can be used 1o exiinguish the ground-level spill fire of liquid of
[lammabie liquid in the area of tank yards where flammable liquid is stored

- The fire extinguisher can be used to extinguish minor fire i the imtial period.

xoovili, Plet shutdown systems

The entire plant has two levels shutdown system (being WSD-well shutdown and BST)-
emcrgency shutdowsn) that block in the produced [uid feed cntering the plants Push
button for initiating an ESI) are provided in the control room Emergency shuldown valves
to block-in the unil are also provided along with a depressuring valve with resiriction

orificc to linmt the depressuring rate to 100 psifmin. to avoid damage to the Sorbeads.

ot Relief vahres

Safety valves for protection of the vessels from over pressure, fire etc are divected Lo llare.
Relief valves arc provided in the plant at various locations to safety relieve high pressures.
A full capacity rclief valve 1o cater to the blocked outlet condition is provided for the line
and inlet separator The set pressure of PSY valves of inlet separator is 1 barg lower than
that of other middic pressure system PSV valve. External firc under blocked in conditions
is considered in the design of all the separators and towers and the fuel gas dnnn scrubber
rclief valves. The ourlet of inlet filter separator & sales gas filter PSV valves are focused

into the lare header.

The major equipments/components described in above are not installed in every silica ge!
dchydration process plant Moreover, same equipment of different types is installed in
differeni  plants  Pressure reduction unit, inlet filter separator, desiccant tower,
Repeneration gas heater/cooler/scrubber, cooling gas cocler, condensate threc phase
separator, sales line scrubber, recording system, luel gas & instrument air system, Mare &

bum pit, waste water system etc are similar type instelled in every plant in Bangladesh.
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4.2.2.2 Process description

Silica gel type gas process plant adopts solid desiccants, three towers process to dehydrate
and recover all economical possible condensate from natural gas. The plant and associated

facilitics processes the natural gas from wells

The following is a brnef description of the Hydrocarbon Desiccant & recovery plant. Block
Diagram Figure 4 5 provides supplementary information to these descriptions. The process

plant may be visualized, for convenience and consists of the [ollowing sections.

i Flow fmes first stage pressure rednction

The inlet gas is drawn from wells are passing alony the flow-lines, the gas flows via [SD
valves, Flow rate, pressure and temperature of each well are monitored and controlled in
the control room. The silica gel type gas process mamtold is designed to operate at en inlet
pressure of about 85 barg at the plant hmii. 1l the pressurc cxcecds this value, the pas
stream after flashing across the inlet pressurc controller may cool down to a level lower
than the acceptable hydrate limils, especially during the winter months due (o low leed gas

temperature,

it. Well stream heating

The inlet water bath heater always kecps the water temperature above 50~90°C, the gas
streatn across the inlet water bath could be above the hydrate limil all time. To prevent the
formation of hydrate, intet water bath heater is provided in the down stream of the plant
inlet header, The hydrate tempcerature at the nominal manifold operating pressure of 85
barg is approximatcly 17° C and allowing a suitable margin necds to be maintained ai a
minimum of 25°C. Aller being heatcd to the required temperature, the gas fows back 10
the manifold. The gas pressurc is then reduced to 85 barg through the pressure reduction
valves Beocausc the pressure of the gas in the three Inlet KO Separators is higher than that
in the production manifiold, the gas must be throttled This is achicved in the Now control

valves for three KO separators

. Well stream separation
Inlet separator is located downstream of 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 from the inlct separator then flows to the inlet filter separator. Filler Separator to
remove any solids and entrained liquids particularly water which can affect the silica el

desiccant performance.

The liquid from the Inlet Separator and the Inlet Filler Separator then passes to the plant

associate / heavy condensate separator .

v, Clas dehwdration

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 with an approximate 1/2 hour

interval cycle,

The optimum switch time of desiccant 1owers shall theoretically selected to ensure fully
regeneration of regen tower and cooling down of cooling tower. The outlet temperature of
regen. lower is recommended by vender around 250°C~260°C and that 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 tower in the regemeration mode to cooling mode and the tower
in the cooling mode to drying mode. The operating mode switch-over of the towers is
controlied by a timer-activated automatic sequential control system programmed in a PLC,

and set nomunally at 30-mninutes.

The filtered gas is routed to the desiccant towers and enters the tower in the drying mode
from the top The towers contain a bed of silica gel based desiccant and, while passing
through the bed, the water and C5 - plus the heavier hydrocarbon components present in
the pas stream get adsorbed onto the desiccant. 'The contact with (he desiccant bed renders
the gas strcam sufficiently dry to meet the dew point specifications (both water and
hydracarbon) required for the pipe line quality. The dried gas flows out from the bottom 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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Figure 4.6 : Basic Flow Sequence in Adsorption Process.
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v KRegeneration gas trearment

The tower in the regeneration mode undergoes heating of the desiccant bed with hol
regeneration gas This gas is a side stream of approx 30% of the feed gas to the desiccant
towers and healed in the regeneration gas heater to about 250°C The hot gas, while
passing over the desiccant bed, vaporizes the adsorbed water and hydrocarbons from the
bed From the tower, the regeneration gas [ows through the following exchangers in serics

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

- Duoring the initial stapes of the cycle, when the regeneration gas exiting the tower 15
at a low temperature, the stream bypasses this exchanger Then, it flows through the

regeneration gas cooler

At a temperature of approximately 45°C, most of the water and hydrocarbon (evaporated
from the desiccant bed in the regeneration parl of the cycle) condense out and are
separated [tom the gas stream m the Regeneration Gas Separators and them blended back

with the main raw process gas from the Filter Separater.

vi. Cooling gas treatmei!

At the end of the regeneration cycle, the desiccant bed regains its original capacity to
adsorb water and hydrocarbons. However, before i1 is ready for this., it has to be cooled
down approximately to the feed gas temperature This is achieved during the cooling cycle

usiny the standard tail gas cooling configuration descnbed below-

From the outlet of the desiccant tower in the drying mode, a side stream (approx. 30%) 15
withdrawn and passed over the desiccant in the cooling mode. ARer leaving the tower in
the desiccant mode, the hot cooling gas flows through the following exchangers m scrics

cool it down to about 50°C.

Firstly, it flows through the shell side of the gas-gas exchanger, where heat 15 exchanged

with the cold regeneration gas to the regeneration gas heater

Dunng the later stages of the cooling cycle - when temperature of the cooling gas exiting

the tower is low, stream by passes this exchanger
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After cooling, the pas stream 15 blended with the main stream exiting the desiccant tower

in drying mode and passes oa to the dust filter,

vil. Sales gas metering avd export
The dried pas from the cutlet of the desiccant tower in the drying mode is filtered in the
dust filter/filier separator for removal of desiccant dust and fiscally metcred before

fowing out of the plani into the existing sales gas pipeline.

vin, Condensate stabilization, storage and handling
The hydrocarbon condensatc is recovered in the plant from the following two

SOUMGESR:

-Upstream of (he desiccant towers at the inlet knock out separators
-Inlet separator and
-Filier separators

-Regeneration gas separators.

The Cendensate from the first sources contains comparatively heavier components and is
therefore tarmed the ‘Heavy Condensate' to distinguish it from the "Light Condensate' from
the second source. The two sources are processed and handled separately as described

below-

The heavy condensate from the inlet knock out separators, inlel separators and filter
separators is sent to the Associate Condensate Secparator, designed for three-phase
separation and operating at & pressure of 6 barg Due to the lower pressure, some of the
lighter components flash off and pass to the fuel gas system. Of the residual liquids, the
condensate passes to the Associated Condensate Production tank and the water is routed to
the Oil/'Water Scparator. From the Associated Condensate Production Tank, the heavy

condensate passes to the Associated Condensate Sierage 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 [lows to the
Recovered Condensate Production tack and the wastewater to the oil water separator
From the recovered condensale production tank, the light condensate passes to the
Recovered Condensate Storage Tank, The condensate is exported by the condensate
transfer pumps and two sets of loading facilities 1o road tanker T is possible for each

pump to transfer condensate from both separate tanks to both loading arms
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The process wastewater generated in the plant is routed to OQil/Water Separator, This
separator is used to remove any entrained condensatc from the associated water sireams
draining from the plant. It is designed to meet the required elfluent discharge specification.
The wastewater scparated from the separator is them discharged directly fo the

underground.

The condensate tising to surface of water 1s removed in the skimmed oil sumps and then

transferred by means of the skimmed oil pumps back to Condense Storage Tank.

ix. Flare system

Gases from pressure relief device within the plant are collected inio a flarc header and then
routed to the [larc system comprising the flare k.0, drum and other required facilities.

. Waxte weter sysiem .

The process wastewater generated in the plant is routed to Oil/'Water Separator. This is
used to remove any entrained condensate from the associated water streams draining from
the plant. It is designed to meet the required effluent discharge specification. The

wastewater separated from the separator is then discharged directly 1o the underground.

The condensate rising to surface of water is removed in the skimmed oil sumps and then
transterred by means of the skimmed oil pumps back to Associated Condense Production
Tank

xi. Fuel gas yystem

The pases fashed off from the heavy and light three phase separators are used as fuel gas
within the plant (Power Generators, heaters elc.). Any shortfall in the fuel gas requirement
is made up with dry product gas downstream of Dust Fillers The utility fie! gas enters the
utility fuel drum / knock-out pots for the remaoval of the entrained liquid before distnbuted

to the vanous uhlity fuel gas users.

xii fostrument aiv system
The instrument sir requirements of the plani are provided by two  instrument air
compressor packages each consisting of a compressor, a filter and dryer with one m

operation and the other on stand-by.
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xii, FPower gexeralion
The power requirements of the facility will be met by three gas generators (one in

operation, onc on stand-by and the other one assumed o be under maintenance)

xiv Controf pane!

The Conirol Panc! in the control room displays wirtually all vital operating paramcters
either on indicators or on recorders. Status of alarms {annunciation} is also shown In
principle the operator can comtrol the plant from the control panel. It is however important
that the operator makes physical checks on the cquipment in the plant to ensure 1ts safe

and proper operation,

The Contro! Panel is a [ree standing stecl structure which contains alil electromie control
circuitry and interlocking systems of the plant, both for the glyeol debydration unit and for

the silica wel unit,

o Controls An overall mimic diagram depicts the flow scheme of the sihea gel umt
from the wells The two major process parameters are gas pressure and gas flow

rate These arc controfled from the pane! by means of electronic controllers

Pressure is controlled by controller and corresponding flow controllers, each
controlling the indmadual well productions in a fixed preset (by operator} flow-

ratio.

The pipcline pressure controller overndes the flow controller in case of high

pipeline pressure.

o Recordss The Gas meisture content, density, the gas flow, pressure and
temperature are recorded, paraltel to the Now computer  The recorder 15 duphicated
for the two meter runs. The recorded flow shows compensated flow (P and T) and
a signal 15 available for future transmission to SCADA Thesc recorders are in Lhe

conirol panel.

The adsorber tower outlet temperatores are recorded. The pattern of the
temperature gives a good indication of the cyclic operation of each ol the three

towers
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The blow down valve may be opened by pushing the button on the contral panel to

blow down the plant.

Annunciator Panel: The annunciator panel provides, alarm indication for the Sihca
Gel Unit and its ancillaries. In case of an alarm the respective window will light,
flashing. The operator shall acknowledge by pushing the "acknowledge” button,
the window lght" will then be permancnt. The "mute” buiton stops the hori

When the problem is solved, pressing "reset" switches olf the window light.

Pressure & Temperature indicators are electronic indicators mving process

parameters for the operator's infermation.

The quantity of condensatc stored in each of the tanks is displayed on the panel as

percentage of the total tank capacity.

Flow Computers: Two flow computers are connected to the two meter runs Lach
computer calculates the flows compensated for pressure, temperature and density

and indicates following ;

-The rate of uncompensated low, (MMscfd)

-The integrated running total {Mscfd)

-The iotal for the last 24 hours penod, the last 7 day peniod, the last 28 day
period and the last 3/6 and 12 months, {MMsch

xv. Fire amd gey detection panel

This panel consists of the following items:-

a

Q

Analyzcrs Panet.

ESD Panel: The position of shutdown valves is shown in mimic panel. The ESD
functions are displayed on the annunciator panel. ESD is reset at the annunciator
panel.

Printer

Maintenance Overridden Switches: The panel includes hand switches to operate
automatic valves Alse a set of hand and key-switches is included to overnde

shuldown funciions in casc of start up.
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4.2.3 Low-Temperature Extraction Type Plant (I.TX)

A low-temperature extraction (LTX) type process plant installed at Meghna held. Two
similar train of 1.TX umit was installed each capactty 20 MMscfd The LTX system
efficicntly handles high-pressure pas at the wellhead, separating condensable liquid
hydrocarbons from 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 is done by allowing
cxpansion cooling ol the gas stream through a choke, 10 a temperature well below a
hydrate condition (sub-hydrate operating condition) Expansion of the gas stream results n
the sudden drop in pressure and that results in drooping down the temperature of the gas

stream according to Joule-Thomson expansion cooling effect of gas.

Description of process of [.TX planl is presented in the following sections,

4.2.3.1 Process Description

Two Low 1empcrature Extraction Plant involve in for processing of gas on Meghna Gas
Ficld shown in Figure 4.7, The capacity of cach plant 40 MMscfd, The low-temperature

extraction type process plant includes the following operations/equipments:

1 Inlet water bath heater

The gas stream of wellhead pressure reduces by PCV and gas stream may cool down to a
level lower than the acceptable hydrate limits, especially during the winter months, The
inlet water bath heater always keeps the water temperature above 50-90°C, the gas siream
across the inlet water bath could be above the hydrmatc limit all time. To prevent the
formation of hydrate, inlet waler bath heater is provided in the down stream of the plant
inlet header Afier being heated to the required temperature, the gas flows back to the
manifold. The gas pressurc is then reduced through the pressure reduction valves ln
practically, water bath heater is not required in operation due to high wellhead temperature
aller choke manifold of wellhead
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Figure 4.7 : Block Diagram of LTX Unit at Maghna Gas Field.
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n. Low femperature extraciion it

The hot gas stream enters a coil in the bottom of the low-temperature separator at a
temperature of 120° or greater. The inlet gas is cooled to just above the hydrate formation
temperature with the outlet coming off the low temperaturc scparator t¢ assure the lowest
possible temperature when it enters the vessel afler the choke. This choke is mounted in
the vessel itself. Reltigeration is achieved ai the expansion choke by pressure reduction.
The inlet temperature is held as close/below to the hydrate formation temperature as
possible by the tcmperature controlier to cnsure maximum separation by maximum
temperature reduction. Hydrale formation temperature of Lypical natural gas 1s 60 °F at
pressure 1000 psi. Hydrates form, but they fall into the bottom of the separator and are
melted by the heating coil Liquid (hydrocarbon & water) in the gas stream 15 condensed at
low temperature into LTX scparator. The gas, condensate, and free water are then
discharged from the vesscl through backpressure and liquid dump valves. The gas leaving
the separator is saturated with water vapor at the temperature and pressure of the low
temperature separator, IF this tempcrature is low enough, the gas may be sufficiently
dehydrated to meet sales specifications. If the flowing temperature of the raw gas stream
rcmains high encugh 1o maintain the temperature of warm lNow section of LTS separator
then line heater is not required. The long travel of the liquid hydrocarbens in the LTX
separator, plus the warming effect by virtue of the distillate sump beng immersed in the
warm water bath allow the distillate to reach a considerable degree of stabihzation beforc
going to the low pressure separator (flash separator). The heavier components, which are
driven out of the liquid as a result of this temperature increase, are retumned 10 the liquid as
a resull of this temperature increase, are relurned to the liquid stream having been
condensed by the cold gas stream. Process flow diagram of LTX process is shown in

[ipure 4 8.

iti, HP figuid knock-ouf separator

The high pressure liquid knockout separator separates all liquid (hydrocarbon & water)
from well strcam. A liquid Jevel controller operates a dump-valve that releases the fluid
into the warm flow section of the low-temperature separator. The free water othcrwisc
would freeze in the choke of the low-temperature separator as the expanding gas drops the
temperaturc below the hydrate point Liquid hydrocarbons passing the choke do not
contribute to the adiabatic expansion and only give up heat, thus decreasing the net

refrigeration effect of the expanding gas
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rv. Cras-gas heat exchanging

The eas-pas heat cxchanger cools warm high-pressure rich gas down stream ol the
knockout separatar utilizing the effluent cold lean gas from the low-temperature scparator
as the coolant. A (hree-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 expansion choke actuates the valve.

v Sales gas handling

Cold pas leaves the LTX separater and flows either into, or through, a by-pass around the
gas-uas heat exchanger The volume of pas passed throngh thc heat exchanger 1s
determined by the ithree-way propertiomng valve, which in turn is conirolled by the
temperature controller. The surplus cold 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 cooling and finally ransmitted to sales line.

vi. Condensate flash veparator

Liquid from LTX separator is flashed at 30-50 psi into a flash separator. The low-
{emperature separator acts as a cold feed condensate stabifizer. A natural cold reflux action
exits between the rising warmed gascs liberated from the liquid phase and cold condensed
liquid falling from the stream inlet, The tighter hydrocarbons rejoin the departing gas
stream and the heavier components recondense and arc drawn from the vessel as a siable
stock tank product The colder the temperature of the gas entenng the separator

downstream of the choke, the more intermediate hydrocarbons will be recovered as liquid

vii. Condensete storage and handling

Liguid from flash separator is released to atmosphenc pressure at condensate production
tank where hydrocarbon condensate and water stabilize and separate into phases
Hydrocarbon condensate accumulate in the production tank is transferred into storage tank

for sale or further treatment.

vin. fuel pas sesiem
The flashed gas from the flash separator is used within the plant as fuel for processes {e.g.
line heater, rebeiler, electric generator, flare pilot, instrument gas etc.) and domestic uses.

The fuel gas demand in excess of flashed gas is met by tapping the dned gas.
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ix Flare system and bum-pit
Venting of gas from pressurc refief devices within the plant is done into a flare header.

Flashed gas in excess is also vented through the flare header.

x  Waste welter treqtment
Water accumulated in production tank is drained mnto skim-pit where water is allowed to
hold for extended period of time Tor further separation of suspended oil particles into

water. Finally water is drained from skim-pit to soak-pit

4.2.4 Low-Temperature Separation (without Glycol Injection} Plani

Only four Low-Temperature Scparation (LT5) without glyco! injection type precess plant
installed in Bangladesh. In Titas field at location 3, TT-9 & 10 go through LTS process
trains (Plant © & 10} and at location S, TT 13 & 14 each go through two newly nstalled
LTS process trains {Plant 11 & 12) Design capacity of each gas processing tramn/plant is
60 MMscfd, The outlet dry gas of plant 9, 10, 11 & 12 are common facilities for sales gas
measurement and transrmission and condensate strcams are piped to the common [facilitics

at Location 1 storage, transport or further processing

The principle of LTS plant is same as T.TX process shown in Figure 4.9, For no use of
hydrate inhibitor allows a high pressure well stream to be cooled above Lhe hydrate
temperature shead of the choke so that low temperature can be obtained General

description of the process of those LTS plant is given 1n below:

4.2.4.1 Trocess description

The low-temperature scparation without glycol imjection type process plant includes the

following operations’ equipment:

L Inlel gas cooler

(Gas stream from the TT- 9, 10, 13 & 14 well is passed through a well stream conler. Afrer
cooling some liquid (hydrocarbon & water) is formed into the main stream Afier cooler a
by-pass the hot gas stream enters a coil in the bottom of the low-temperature separator at a
temperature of 120° or greater. The inlet gas is cooled to just above the hydrate formation
temperature with the outlet coming off the low temperalure scparator to assure the lowest

possible temperature when it enters the vessel afier the choke



PROCESS PARAMETERS: P. Promae = Piig,
T, Temperuum =" F
Q, Flow R = Mz i

T= 150 T=1%0 T=85
T =120 T=120
Q=013 Q=213 Q=235 Q=235 Q=15
HEATER INLET AR FREE LIQUID HEAT EXCH.
*  COOLER # SEPARATOR ¥ (GAS-GAS)
COND.
WATER TO L
BY - PASS BY - PASS SKIM -Frt 3
—a
aAS
T=92 P= |00
RAW T= 30
GAS Q=235
GAS (T =435) HEAT EXCH. GAS 115
¥ LWAY | (GAS-CONDY) |ge — PCY  |a—n—
VALVE
METER RLN
COND (T*20)
=75
+— CONDENSATE C - T
+ WATER :
SALES GAS T=7 >-PHASE FASRAn
oeas METER RUN CONDENSATE+ WATER
v LOCATION- 3 TO TANK
-

Figure 4.9 : Block Diagram of LTS without Glycel Injection Plant at Titas Gas Field.
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i, Figuid knackout sepevator

Tiquid formed into the well strcam after cooler is separated in the inlet knock-out
separator. In the knock-out separator condensate and water 1 separated in separate
chambers. A liquid level controller operates a dump-valve that releases the condensatc
from the separator inta the liguid phase in the LTS separator. Water from the scparator 15

controlied by a level contral arrangement and is sent to skim-pit.

iii Low femperature seprarator

The low-temperature separator acts as a cold feed condensate stabilizer. A maturat cold
reflux action exils between the rising warmed pases libetated from the liquid phase and
cold condensed liquid falting from the stream inlet. The lighter hydrocarbons rejoin the
departing gas siream and the heavier compotents recondense and are drawn from the
vessel a¢ a stable stock tank product The pas, condensale, and frec water are then
discharged from the vessel through backpressure and liquid dump valves. The gas leaving
the separator is saturated with water vapor at the temperaturc and pressure of the low
temperature separator. 1f this temperature is low cnough, the gas may be sufficiently

dehydrated to meet sales specifications,

iv (Fas-gay heal exchanger

tior further cooling the gas stream from Liquid Knock-Out Separator is passed through the
Gas-Cias Heat Exchanger, which cools warm high-pressure rich gas down stream of the
knockout separator utilizing the c¢ffluent cold lean gas from the LTS as the coolant A
three-way heat exchanger by-pass valve located in the cold gas outlel piping accomplishes
the proper degree of cooling. By sensing the temperature of upstrcam of expansion choke

the temperalure controller actuate this valve

v. Cras-conmdensate heat exchanger

The gas stream from Gas-Gas Heat Exchanger is further passed through a Gas-Condensate
fleat Fxchanger lo raisc the temperature of gas before sales metering. In the Gas-
Condensate Heat Exchanger condensate (Temp 30° F) comes from LTS unit and raises the

{emperature of gas stream (Temp 40° F) Process flow diagram i3 shown n Figure 4.10.
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vi Expansion choking

The choke is mounted in the LTS vessel. Afler glycol injection the gas is then passed
through the pressure control valve, where the pressure 15 reduced and auiomatic
refrigeration is achieved below 40° I due to expansion cooling (Joule- Thomson eftect)
aller pressure reduction. Due lo this extreme low temperature of gas stream liquid
{hydrocarbon + water} is formed and separated in the LTS separator. The gas from LTS
separator continues to flow through the gas-gas and gas-condensate heat exchanger and 15
heated to attain under saturated condition and thercby, restricting formation of liquid in the

transmission line.

Scrubber, Sales pas handling, Three phase {lash separator, Instrument/Fuel gas system,
Flare system and bum-pit, and Waste water treatment are similar / common facilitics for

all plants in Titas field.

4,2.5 Low-Temperature Separation (with Glycol Injection) Type Plant

Only two Low-Temperature Separation (LTS) type process plant installed in Bangladesh.
In Titas field at Location 1, the pas processing facilities for the gas stream from the TT-7
gocs through a LTS Process train {Plant 7) shown in Figure A-2-12. Tn Location 3, the gas
processing facilities for Lthe gas streams from wells TT-8, go through LTS Process trains
{Plant 8). The Production Facilities Schematic for wclls TT-8 is presented in Figure A-2-
13 Desion capacity ol the gas processing trains for Plants 7 & 8 are each 60 MMscfd.
Commen facilitics for sales gas measurement and transmission and condensate product

storage & transporl, llare and utility gas systems are situated at Location 1.

The principle of L'1S plant is same as LTX process but glycol is injected as a hydrate
mhibitor in those 1.TS process. The use of hydrate iphibitor allows a high pressure well
stream to be cooled below the hydrate temperature ahead of the choke so that low

temperature ¢an 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/equipments.

1. Infer gas cooler

Gas stream from the TT- 7/ TT- 8 well is passed through a wefl stream cooler Afier
cooling some liquid (mixture of hydrocarbon & water) 1s formed into the mainsiream and
temperature decreased from 145 to 120°T Afler cooler a by-pass stream is passed through
a ¢oil 1ube immersed into liquid phase in LTS separator to maintain the temperature of

liquid phase in the LTS separator at above hydratc formation temperature.

i Liguid Knockout Separator

Liguid formed into the cooler is separated in the inlct knock-out separator. In the knock-
out separator condensate and water is separated in separate chambers. A liquid level
controller operates a dump-valve that releases the condensate from the separator mto the
liquid phase in the LTS separator Water from the scparator is conirolled by a level control

arrangement and is sent to skm-pit.

il Low temperaiure scparalor

The low-temnperature separator acts as a cold feed condensale stabilizer. A natural cold
refiux action exits belween the rising warmed gases hiberated from the liquid phase and
cold condensed liquid falling from the stream inlet. The lighter hydrocarbons rejoin the
deparling gas stream and the heavier componenis recondense and are drawn from the
vessel as a stable stock tank product The gas, condensate, and [rec water are then
dischargped from the vessel through backpressurce and liquid dump valves The pgas leaving
the separator is saturated with water vapor al the temperature and pressurc of the low
temperature separator 1f this temperature is low enough, the gas may be sufliciently

dehydrated to meet sales specifications.

iv. Gas-gas heat exchanger

For farther cooling the gas stream from Liquid Knock-Out Separator is passed through the
Gas-Gas Heat Exchanger, which cools warm high-pressure rich gas down streamn of the
knockout separator utilizing the efluent cold lcan gas fom the LTS as the coolant. A
three-way heat exchanger by-pass valve 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 this valve.
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v. (as-condenyate heat exchanger

The gas stream from Gas-Gas Heat Fxchanger is further passed through a Gas-Condensate
[leat Exchanger to raise the temperature of gas before sales meilering. In the Gas-
Condensate Heat Exchanger condensate comes from 3-Phase Separator and raiscs the
temperature of gas strecam. Ry the electric motor driven reciprocating pump glycol 1s

injected into the gas strcam afler passing of this heat exchanger.

vi  Expnsion Choking & Glveol Infection

Afier glycol injection the gas 15 then passed through the pressure control valve, where the
pressure is reduced and automalic refrigeration is achieved below 40° IF due to expansion
cooling (Joute- Thomson efiect} after pressure reduction. Due to this cxtreme low
temperaturc of gas stream liquid {frydrocarbon and water) 1 formed and separated n the
LTS separator. The gas from LTS scparator continues o flow through the gas-gas and gas-
condensate heat exchanger and is heated 1o atlain under saturated condition and thereby,
restricting formation of liquid in the transmission line Process block diagram is shown in

Figure 4,11

vii. Scrubber

Cold gas leaves the LTS separator and [lows either into, or through, a by-pass around the
gas-pas and gas-condensate heat cxchanger. The volume of gas passed through the heat
cxchangers is determined by the three-way proportioning valve, which in turn 15 controlled
by the temperature controller. The surplus cold gas wot 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 cooling and-fnally transmitted to common Scrubber where rest of

the condensate in dry gas stream separated and sent 10 Three Phase Scparator,

vili. Sales gay andling
Gas stream from common Scrubber go through the common sales gas measurement and

transmission system
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ix Three phase flash separator

Liquid (rich elycol & condensate) fram LTS separator is heated passing through glycol
regeneration unit coil {or by pass) before entering 3-phase (water nch glycol, condensatc
and gas) common flash scparator, Pressure of the 3-phasc [lash separator is controlled at
70-90 psi In the 3-phase separator a new cquilibrium is established due to the lower
pressure and the high temperature. Many of the light components evaporate (Hash off)
leaving condensate in the flash separator. Condensate and water rich glycol is trapped in
different chambers in the Nash separator. Condensate from the flash scparator is passed
throngh gas-condensate heat cxchanger and is released to atmosphenc pressure at
condensate production tank where hydrocarbon condensate and water slabilize and
separate into phases. Hydrocarbon condensate accumulated in the production tank is

transferred imo storage tank for sale or further treatment.

x. Gheol reboiler

Water rich glyeol fiom the Three Phase Flash Separator is sent to Glycol Reboiler still
column In the reboiler water is stnpped off from glycol by evaporation Regenerated lean
glyeo! is scttled and stored in surge drum for cooling A electric motor driven
reciprocating pump is used to mject lean glycol from surge drum to high pressurc gas

strcam in between liguid knockout separator and PCV to complete the cycle

xi. Instrument/Fuel gas system

The flashed gas from the common 3-phase scparator is used within the plant as foel &
instrument for processes (e.g. line heater, reboiler, electric generator, flare pilot elc ) and
domestic uses. The fuel gay demand in excess of flashed gas is met by tapping the dned

gas from sales gas by pressure regulator.

xii. fare system and burn-pii
Gas fom pressure relief” devices within the plant is vented into a flare header. Flashed

gascs in excess are also vented through Nare header,

xiii Waste water treciment
Water accurnulated in common production tank is drained into conmon skim-pit where
water is allowed to hold for extended peried of time for further separation of suspended oil

particles inta water. Finally water is drained from skim-pit to soak-pat.
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4.2.6 Molecolar Sieve Turbo Expander process plant

KTL-2, 3 & 4 arc processed by 90 MMscfd Molecular Sieve Turbo Expander (MS1E}
process plant. The Kalashtita was the only pas field in Bangladesh consideration would be
given to constructing a more elaborate processing facility, which would sphit the hquid

hydrocarbon stream into various componcnts

The description of different systems and equipments of an MSTE plant is given below:

4.2.6.1 Process Description

i.  falet gaswell heater

There are three gas well heater for cach well Each gas wells has two 3 inch hnes each
with block valve, emergency shutdown valve and 1 inch valve for fulure sand detector.
The lines join upstream ol the PIG launcher At regular intervals a pipeline pig is inserted
to push the liquid out of the linc. The shutdown valve action 15 controlled by the plant
shutdown logic system. Afler shutdown valves a 3 inch connection with two full Row
pressure safcty valves is provided. Both PSV's are set at 234 Bar pressure and go to the

{lare systcm

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 shell side. The
purpose of the exchanger is to hcat the gas to 26 dey. C or higher to prevent hydrate
formation when the inlet gas pressare i3 reduced from 186 to 103 4 Bar. A Aow of 307°F
hol oil is used on the shell side of the heater to warm the inlel gas The reverse acting
temperature controiler flow of hot ol increases The inlet pas from the heater flows

thrmugh a pressure control valve station and enters the top of the Tnlet Separator,

. Inlet separator

There are three Inlet Separator for each well The inlet gas [lows to the inlet separator
where free waler is separated from the hydrocarbon condensate Tiquid and the gas 1s
separated {rom the liquids. The water is heavier so 1t separates and migraies (o a "Boot”
mounted on the bottom of the vessel. Water - hydrocarbon imterface level s maintained in
the "boot" by a level controller and control valve in the "boot” bottom outlet line to the
closed drain. The hydrocarbon liquid floats on tep of the water and must accumolate to a

level 610 mm above the bottom of the vessel before it can enter the hydrocarbon section of
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the vegsel, The 510 mm level is set by an interna! weir or overflow baflle that separates
the water hydrocarbon and hydrocarbon sections The position of the weir insures
sufficient time for the water to separate and falt into the "boot". The hydrocarbon level 1s
mamained behind the weir by a level comtroller and control valve in the line to the
stabilizer. The normal hydrocarbon level is designed for 450 mm above the bottom of the
vessel It passes through a vane type mist extractor before leaving the vessel to help
separator any entrained liquid droplets. The separator inlet line and gas cutlet line pressure

are sensed to a differential pressure

A mgh dilferential pressure indicates some problem with the internal vane must extractor-
Inlet separator 15 protected from overpressure by two full flow pressure safcty valves &
each 15 set at 113.7 bar and go to flarc, one PSV is spare and its inlet and outlet block
valves are car sealed closed The gas stream joins the inlel gas streams from three mlet
separators and flows to the inlel filter separator ahead of the gas dehydrators in the

cryogenic scction. 1t is horizontal vessel desigmed to the followings specihications:

Size : 1524 mm LD x 3048 mm seam to seam {5/8)
Maximun Working Pressure (MWTP). 113.3 bar at 66°C.

Stabilizer system
The stabilizer sysicm provides a means of remowving hght hydrocarbons, mostly Methane
and Ethane and most Propane and some H;0, Ni; and CO; entrained in recovercd

condensate from the three inlet pas separators,

The liquid 15 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 Stabiizer overhead are pressure controlled to the plant fuel gas

system.

A water draw-oll tray below tray # 8 is provided in the upper section of the tower to
coalesce and separate water so water can be manually dramed from the system. The

Stabilizer bottom liquid is air cooled and is pumped into the NGL surge dnums.
i, Stabifizer
The Stabilizer is a fractionation tower used to make a rough cul of the hydrocarbon

condensate from the mlet separators Al design condition, tower pressure of 12.1 Bar and
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a rchoiler ocutlet temperature of 220°C, 97% of the ethane and lighter hydrocarbon
components and 38% of the propane exit the Llop of the tower and 62% of the propane plus
heavier components exit the bottom as a stabilized NGL product .In addition to stabilizing
the NGL product, the stabilizer removes all of the N2 and CO2 from the feed stream. The
tower overhead is pressure controlled to the plant fuel gas system. The NGL product
recovered in the tower bottom 1s pumped to the WGL surge drums This vessel is designed

to the followings specifications;

Size - 610 mm ID x 17,069 mm 5/5
Number of trays : 16
MAWP. 15,5 Bar (@ 183°C

W, Stahilizer water separator

The tower has one feed source, 18 1° C condensate from the three inlet gas separators
which enters onto the top tray #1. The feed also provides reflux liquid for product
separalion The pressure is decreased from 103.4 bar to 12.1 bar as it enters the stabilizer
resulting in the 18.1°C feed temperatlure The total liquid fecd from the 3 inlet separators 15
5,01 M*/Hr, however, some flashing occurs across the leve! control valves in the 3 feed
lines The tower feed 15 saturated with water, thereforc a Water Separator 15 required (o
remave the water, The separator is fed from a draw-off, tray below tray #8 and retumns
hydmcarbon condensate feed beneath the draw-off tray, Condensate feed to the coalescer
section must flow through a mesh pad where mater molecules are coslesced to form larger
droplets of water. [n the separator scction water is separated from the hydrocarbon
condensate and accumulated in the Separator bool, A level gage plass is previded for
visual inspection of the liquid accumulated in the boot. A waterhydrocarbon condensate
mterface should be maintained at all times to insure proper operation, Water accumulated
in the scpamator boat must be drained manually at regular mtervals 1f water is not draincd
from the Separator/ Stabilizer flooding will oceur, reducing the cfficiency of the Stabhzer,
This will result in off-spec NGL product in the bottom of the tower. The Separator is

designed with me following specifications

Size 508 mm LD X 3048 mm S{Flg,
MAWP- 15.5 bar (@ 83°C.
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v Stabilizer reboifer

Heat is added to the bottom of the tower by the stabihizer reboiter. The rebaoiler 15 a kettle
type with hot oil circulated Through the tube bundle. The hot oil Alow is temperalure
controlled to maintain a constant tower bottom temperature The reboiler shell is equipped
with a spill-over weir which insures that the tube bundle is completely submerged in
liquids, at all times. The weir forms a rcservoir on the down stream side where the NGL
product is collected. The excess NGL product is leve! controlled from the reservoir section

through the stabilizer preduct cooler.

Vi Stabilizer product coolers

Therc arc two stabilizer product cooler. The 220°C NGL product from the stabilizer is
cooled to 47°C by two identical forced drall air cooled exchangers One cooler 15 & spare
and appropriate isolating valves are provided. Each air cooler has three fans dnven by 1 6
KW electric motors. When a fan unit is tripped off from its lngh wibration, the other fans

continue to mun The vibration switches must be reset to restart the fan.

vil. Stabilizer Pumps

Two siabilizer pumps are positive displacement plunger type doven by 5.5 KW electric
motars. One is a spare. These pumps take suction from the produci cooler and send the
stabilized product io the NGL surge drums at 4m3/hr flow with 17 4 Bar differential

pressure

viit Inlet filter separaiors
* Two inlet filter separators arc the final clean up of the total inlet feed gas flow from the
inlet separators and protect the expansive molecular sieve in the dehydrators Two 10024
units are provided and one is a spare. The unit has an inlet filter area with replaceable filter
elements in the first siage and a vane type mist extractor m the second siage to knockout
entraincd liquid droplets. A small bottle is placed below cach stage fiter ,all hquid that
accumulates falls into the divided bottle Cach end of the bottle has its own level control
loop for pressuring (he liquid into the closed drain. A differential pressure switch is placed
across Lhe filter elements to warn that they are dirty. Each filer scparator is horizontal

vessel designed to the followangs specifications:

Size: 700 mm x 1200 mm x 2500 mm
MWP 1137 Dar@ 6557,
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inlet gas dehydration system

The sole purpose of two dehydrators is the total remaoval of all the moisture in the process
gas stream The gas stream entering the cryogenic plant must be dehydrated to as low a
dew point as possibly due to the extremely cold temperature to which it will ulumately be

subjected Block diagram of the process is shown in Figure 4.12.

ix. Molecular sieve dehydration system

Afer final clean up in the inlet filter separator, the inlet gas processing conditions of about
108,320 M2/hr, 103.1 bar pressare and 19°C temperature, the inlet feed gas is down fow
dehydrated of moisture in the Molecular Sieve system on 8 hour cycles These two
dehydralors are filled with molecular sieve desiccant. This porous bead looking matenal
has tiny cavities that are big cnough to trap water molecules, but small cnough to allow
hydrocarbon gas melccules to flow by. There are no "process controls™ as such on
malecular sieve beds, but the vessel switching valves are time cycle controlled. Therc is a
high moisture content alarm downstream of the bed to alert of a malfunction, i the sieve,
and there are shutdown functions to protect the cryogenic plant equipment if there 1s a
major malfunction in the mol sicve system, Mol sicve repeneration is that part of the
process where water vapour is driven from the sieve cavities by llowing very hot, dry gas
over the sieve at reduced system pressures, The plant's regeneration scheme uscs hot ol to
heat dry, residue gas to about 232°C al 38 Bar. This combmation of temperature and low
pressure "ultra drics" the mo! sieve so dew points for cryogenic processing 15 obtainable.
Typical Tegeneration pas process conditions for the plant require 3830 MP/Hr of residue
gas, 38 bar pressure and 30.9°C temperaturc to the regeneration gas heater. At least 5730
Ku/Hr of 307°C hot il is necessary to transfer the required heat for regeneralion gas
temperatures of 232°C. The regeneration gas temperature from, the heater is controlled

manually/automatically by reverse acling Bow controlier,

Each dehydrator has twa (2) pressure safety valves, set at 113.7 Bar that exhausts to Bare.
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 imernally Insulated vertical

vessels with the following specifications:

Nize: 1676 mm X 4267 mm §/8
MWAP: 113.7 Bar @ 260°C
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Typical dehydration regencration cycle: The mol. sieve inlet gas drying cvele 1s 8 hours
long, all regeneration activities (hcating, 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 vesscl
pressurization taking the balance. During the heat cycle, the entire vessel ultimately
approaches the temperature of 204°C During the coo! cycle, the gas is cooled so water

vapour cendenses and drops out of the gas stream in the regeneration gas scrubber

At the beginning of dehydration regencration 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

ol the regencrated dehydrator closes

AL Lthe end of the valve switching cycle the infet gas valves on the dchydrater to be

regenerated are pow 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

equalizing 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 closcs This is the start of the cooling cycle.

Al the end of the cooling cycle the outlet of the dehydrator should be 54 4°C (maximumy}.
All at the same time the regeneration gas fiow bypass valve opens and the regeneration gas

valves on the dehydrator being regenerated are closed. The cool valve remains open,

The inlet eas pressure equalizing valve opens to pressure the regenerated bed from

Tepeneration pressure to inlel gas pressure.
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The regencrated dehydrator inlet gas block valves are opened. The pressurc cqualizing
valve closes and both dehydrators arc again in dehydration service. The regencration cycle

is repeated for the next dehydrator.

x. Moisnre analyzer

A meisture analyzer and recorder are provided to assist operating personnel in maintamng
optimum c¢onditions in the dehvdrators. Any increase in moisture analysis 15 considered a
problem, and steps taken to reverse the trend should be taken immediately. The sample
stream is in the line between dusi filter and the exchangers of the NGL plant When high
moisture accurs on the dehydrator cutlet stream the first step to take is to shorien the cycle
time by resetting the heat and cool timers in the dehydration control cabinet. The
repeneration gas flow should be increased, especially should the dehydrator outlet,

temperature al me end of the heat cycle fail to reach a minimum of 204°C.

Dehydrator program: All operations required for switching the dehydrator block valves
are initiated from and controlled by a timed dehydration comtrol system. The control

system consists of the followng components

a. An Automalic Timing and Control Company (ATC) slep programmer. This master
controller consists of a camshafl with twenty (20) sliding segments that represent ihe
twenty {20) steps that are available in the program The white segments are held in the
slots in the camshaA hubs bul are independently movable to the nght or lelt Nexi to the
white scgment is a btack area. When you sce a white segment m a biack area {or hub) , the
switch will be activated at this point in the program. If no while segment is in the black
area, the switch will not activate, The white segmenis in black areas actuate load switches,
at presct times in the program, and in turn energizes and/or de-energize 3 -way solenoid
Valves that aciuate the swilching valves in the dehydration system The camshafl is driven
by an AC pulse motor. The motor s attached to the camshafi dove gear. Next to the dnve
gear an indicator strip shows step number as il lines up with the step posinon arrow on the
motor. Next to the slep number indicator stnip is the segment indicaior strip, which

identifies cam segments.

b. The dehydrator controls alse include four (4} ATC senes 305 motor-driven reset timers
with pilot lights Two timers have ranges of zero to fifteen (15) hours and are connccicd to

the heat and cocl sections of the programmer. These two timers are provided wath a
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manual reset button on the conirol board. The heat and cool cycles can be reset {retuned
to the original time set period} by pushing this reset button 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, When the
dehydrators are switched to regeneration and back to dehydratmg infet gas, this timer
allows time for the larger dehydrater switching valves to open and/or closc before the
programmer automatically goes to the next step. This assures proper 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 switching into a drying cycle or a heating cycle.

¢. The local conirol cabinet also contains 3-way solenoid valves. These solencid valves arc
installed in the control instrument air line {1.406 kg/cm2 pressure) that eventually actuates
all switching valves through the 4-way Versa valves. The main dehydrator switching
valves are Orbit valves, which reguire air pressurc (3.5 Bar maximum) on both sides of the
diaphragm actuator to open and close. It takes two 3-way solenoid valves, therefore, Lo
actuate these valves. One solenoid valve in the opening side and one selenoid valve in the
closing side. The 3-way solenoid valves are in the control air line to each side of the 4-way
Versa valve. One 4-way Versa valve is provided for each set of dehydrator switching
valves; one, for the inlet gas into and out of each dehydrator, and ene for the regeneration
gas into and out of cach dehwdrator In other words, the cycle programmer sends a signal
to the opened or closed solenoid valve and in turn shifls porting in a single 4- way VYersa
valve to open or closc two switching valves simultancousty. The 3.5 Bar power air is
vented out of the 4-way Versa valve exhaust porl as air is applied to the opposite side of
the Orbit valve Altogether the man dehydrator switching valves reguire eighl (8) 3-way

solenoid valves.

An on-off switch has been installed in the dehydration comrol panel This switch 15 not in
the cycle programmer and must be actuated manually. In the off (de-energized) position
the switch turns the power off a 3-way solencid valve in the 20 psi control air line to all of
the switching valves 3-way. Solenoids preventing the switching valves from changing
positicns The on-off switch is provided to aliow the programmer camshafi to be rotated
without changing switching valve position The camshafl can be rotated by another

manual stepping push button on the dehydration control panel cover. Fach time the
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manual stepping button is pushed the camshafl is rotated into the next or following
function When the camshalt program is in the desired position, then the on-off switch s
placed in the on position and the switching valves will antomatically reposilion to
correspond to the new programmer setting. Lt is not anticipated thal the manual steppmg
switch will be used; however, it is provided in case of trouble in the programmer or

restarting a complete cycle after prelonged dawn time,

xi  Dust filter

Some breakage of the mol. sieve material occurs during the initial loading and also during
the operations of the timed cycles. This dust is rcmoved by the Dust lilter, which is
located directly dewnstream 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 Hiter has a pressure differential high alarm, which 1s set at
1.4 bar. Any time the pressure differential on the dust filter increases, the filter must be

shutdown and elements replaced.

xil. Regeneration gas system regieneration gas heater

The regeneration gas heater 15 a shell and tube heat exchanger The 307°C hot oil from the
hot oil heater flows through the tube side and heats the regeneration gas volume for the
dehydrators to 232°C, flowing through the shell side. Design hot oil flow throuph the tube
side is 5730 Kg/Hr. The hot oil from the shell side is designed for 200°C temperature. The
only function of the heater is to heat the regeneration gas to 232°% during, the regeneration

heat cycle it ¥s bypassed during the cool and swiich cycle.

Regeneration pas is supplied from the plant residue pgas header afier the expander
compressors at a temperature of 30 9°C. The hot il flow through the heater fows at all
times and the gas [low is directed to or around the exchenger. The regeneration gas is up
flow through the mol. sieve beds while inlet gas drying is down flow The regeneration gas
Mows from the top of the dehydrators through regeneration switching valves, From the
dehydrators, the regeneration pas frows through the regeneration gas cooler. The

repeneration gas heater is sized for 1774 MKJ/11r, and specifications are

Tubes & & Bar MWP a1 343°C
Shell: 41.37 Bar MW at 343°C.
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xili. Regeneration gas cooler

The regeneration gas cooler is an air cooled heat exchanger designed (o condense water
and hydrocarbon vapour produced during the regeneration heat cycle. The cooler outlel
maximum design temperature is 49°C and the mininum is hmited to about 16°C to
prevent hydrate problems The cooler the gas, the more vapour is condensed. Two 4 KW
mators drive 1wo fans for control the outlet temperature. The regeneration gas cooler is

designed to the following specifications

Capacity. 1774 KJIfHr
Tubes: 41.36 Bar at 260°C

xiv. Regeneration gas scrubber

The regeneration gas scrubber is designed to separatc pas and hquid and send any
accumulated liquid into the closed drain header automatically. The gas leaving the top of
the vesscl must pass through a wire mesh extractor to help remove entrained liquid. The is

a vertical pressure vessel designed to the following specifications:

Size : 457 mmO D X 2438 mm §/5
Design Metallurgy @ 41 37 Bar MWD (@ 260°C

Cryegenic process system

xv. Inlef gas coolimg

The dehydrated inlst feed gas from the dust filter at the design process conditions of
108,320 m3/Hr rale of flow, 29°C tempersturc, 102.1 bar pressure and 17 43 MW splits

for flow through twe (2) exchangers to recover refrigeralion.

One inlet gas fow, 75% of the total inlet gas flow or 81,240 m3/Hr flows through the tube
side of the cas-gas exchanger. One inlet gas flow, 25% of the total inlet gas fow or 27/080
m3/Hr, flows through the wbe side of the deethanizer feed heater.

The main 10" inlet gas line and-the 6" line to deethamzer feed heater have orifice meters
that are used (o automatically maintain the required flow split io obtain lowest possible
inlet gas temperature. The 10” line to gas-gas exchanger has a manual operated block
valve & two full Qow pressure safety valves and thermocouple that goes to the Control
panel. The PSV's provide overpressure protection for the high pressurc side of the

cryogenic plant. I'rom the gas-gas cxchanger the inlel gas is cooled to -39°C and the
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residue gas on the shell side is warmed from -78.9°C to 2.2°%, and flows to the Cold
Separator. The 6" inlet gas line to deethanizer feed heater has an onifice meter and control
valve Tt flows through the tube side of the deetfianizer 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 Jiquid from -84.9°C to -76 8°C, The
inlet gas line from desthanizer feed heater has a thermocouple that peces to the control

panel. Process flow diagram ts shown in Figure 4,13,

The Gas-Gas exchanger is actually two {2) shell and tube exchangers stacked and piped

{or series Now and is designed to the foliowing specilications:

Duty: 16,75 MKJ/Hr
Shell: 4171.4 Rar MWD ar 66°C/-110°C
I'ubes 113.7 Bar MWP at G6°C/-100°C

The deethanizer feed heater is designed to the following specifications:

Dty : 365 MKJ/HR
Shell 41.4 MWP gt 66°(/-115°C
Tube ; 113.8 MWP at 66°C/-100°C

xvi. Cold separetor

The cold separator is designed to separate 1he liquid, formed" {condensed) by lowering the'
temperature of the inlet gas from 28.5°C t0-28.2°C n gas-pas exchanger & dccthanizer
feed heater from, the non-condensed inlet gas stream The separator has an iniernal mist
extractor pad and is the final clean up before the expanders. The infet pas stream from the
cold separator, 107,160 M3/11R, 100 bar shutdown valves and 17.21 MW, flows through
the three expanders or their T bypass valve into the expander separator  The liquid from
the celd separator, 2.77 m3/1R at 0.578 SPGR, also goes Lo expander scparator,’T'he cold

separator is designed to the following specilications :

Size: 1219mm 1D X 2438 mm 5/8
BMWAP: 113.8 bar al 66°C /45 .5°C

Low inlel gas tcmperature can be compensated for by increasing hot oil flow through the
three (3} inlel-gas heaters and only if pressure levels are at design. Inlet gas composition

change may require new heat and material balance mumbers however; somc change can be
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Fignre 4.13 : Process Flow Diagram of MSTE Plant at Kailashtila Gas Field.
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Figure 4.13 (Cont,d) : Process Flow Diagram of MSTE Plant at Kailashtila Gas Field.
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compensated for by adjusting pressure levels, Decreasing plant temperature indicates the
inlet pas containg less heavier components and the inlet pas pressure must be reduced or
expander -outlel pressure increased to warm the plant. The plant temperature will decrease
when the pressure differential across the cxpanders increase. Deethanizer Nooding is
usually assoclated with colder plant temperature causing more methane liquid to be fed to
the column that 1t can handle. The liguid stacks up on the trays and poes 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 outlet temperature creating a snowball
effect. To remedy, the expanders are shutdown and if that docs not work the inlet gas llow

is reduced.

xvii. Expander-compressors

¥rom the cold separator the mlet gas, at desgn condinons of 1(]?,]{!5]\-13er, 100 Bar, -
28.2°C and 17.21 MW, Nows through the three (3) identical expanders and into the
expander separator. Each expander generates 381 XKW horsepower throupgh the mechanical
expansion of the inlel pas stream The expansion of the gas across 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 pas. The release of energy from
the inlet pes results in a -85 4°C temperature at the expander, outlet causing additional
liquid cendensation. The expanders are simply highly efficient turbines operating on the
same principle as the more familiar steam turbine, bul with the prime objective of reducmg

temperature than obtaimng power.

The desipn speed {about 59,200 RT'™M) of the umt takes into account the speed required to
maximize expander efficiency together with matching the expander to the compressor.
Thrust [pads, high vibrations and mesomance are conmsidered in selecting the operating
speed. Sensing the expander compressor discharge pressure (residue gas compressor mlet
pressure} controls the expander loading, and therefore speed, by positioning 2 variable
inlet nozzle assembly, which in rum determmes the deethamizer pressure. The variable
pitch blades are contrelled externaily by a preumatic diaphragm operator. Upstream of the
expander, a Ime with pneumatic motor valve, has been placed to bypass all the expanders
and continue to operate the plant at reduced recovery. Both the bypass motor valve and the
expander vanable inlel vanes operator arc provided with posittoners to set up a split range

control scheme Pressure controller first opens the expander inlet vanes from 3 psito 9 psi
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{0.2 to 0.6 Bar) and if the cxpander design 15 exceeded by the plant How, the expander
bypass valve (J-T valve) will start opemng at 9 psi and will be wide open at 15 psi {0.6 to
10 Bar) air signal, Tn the signal lme to the inlet vanes cperator, a hand mdicabng
controller is placed to manually adjust the mlel vanes. When the expander 1s put on hne
and the output signal from the pressure coniroller matches the manually set oulput, Lhe
hand contmller is then switched to avtomatic and the vanes are than controlled from

pressure contraller.

The expander inlel valve is specially designed 1o close quickly {less than two seconds) to
limut the dnving force of the expander as quickly as possible, and prevent possible damage
to the expander. The cxpander outlet valve 15 used to block in the expander, and 15 a back-
up to stop the umit 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
rmust be loaded (braked by llow through the compressor wheel) at all times or 1t will over
speed and damage itself, The expander inletl Time has a 80 mesh screen with 150% opening,
This screen has a pressure differential indicator and 2 differential pressure shutdown
swilch The shutdown switch is set for 0.3 bar differential and will shut down the expander
when tripped When pressure differential indicator indicates increasing AP, the screen
should be cleaned. This switch- prcvents cxccssive pressure diffcrential, which could
collapse the screen. The expander compressor indet 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. Onee debns lefl Fom consituction has been flushed out

of the equipment, this screen should nol gel dinty.

The expander compressar process gas pressures are sealed al the shall by labyrinth seals.
To protect against pessible cold process gas flowing inte the lube oil tank and cntry of oil
mio the, process, an outward leakage of gas 15 perrmitted out each labynnth seal To
prevent entry of oil into the process from the expander end, there is 2 provision at the
middle of the expander end labyrinth scal to inject a stream of gas at a rate slightly higher
than that leaking out through the seals.

The compressor Tube oil system consists of the lollowing: The lube oil and seal gas from
the unit enters the surge tank. Thec combined stream cmters ento a tray which helps

separate the ol from the gas. The ol runs down mto the tank through tray dram lines that
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terminate below the oil level The lube oil 1ank has an electric heater sel 27°C The sea!
gas vapours pass through a mesh pad and enter the expander compressor inlet line,
thercfore, the oil surge tank pressure 15 always maintained at the cxpander compressor
inlet pressure. From the surge tank the oil is picked up by onc of twa lube 0il pumyps, and
then 1s cooled and Altered before entenng the umit to complete the oil circuit The lubc oil
pumps should be shut down m fve (5} minutes afler the expander is shut down. it is
sugpested that the seal pas flow be stopped in ten {10) mmmutes after the lube ol pump
stops 1f the expanders are to be down for & penod of time. There is an astomatic thrust
balance valve in a line from the back of the compressor impeller to the compressor injet,
Opening this valve unloads the compressor thrust bearing and loads the expander bearing
to maintain a balanced thrust, This valve 15 set 10 the factory and should not necd field
adjustment unless one of the scals washes out or ice deposits or the like collect in the

wheel vent passages.

A discharge to suction bypass line with autematic valve is provided around the expander
Compressor, This bypass can be used when low gas flow causes a surzing of this unit. It is
possiblc to surge the unit when flows of about 70% of design or lower are expenenced.
The recycle stream puts additional load on the compressor wheel and acts like a brake (o
slow the urut down. When the recycle valve opens, Lthe boost in pressure across Lhe
compressor will decrease When anyone of the three {3) cxpander compressor anti-surge
valves open, the compressor discharge check valve will probably close until the expander
separator and decthanizer pressure increascs to the point where it re-opens. The expander
compressor outlet pressure 1§ set at 36,7 bar by pressure contreller, the inlet pressure is
designed at 27 bar {9.7 bar differential pressure). Less than design inlet gas rate of flow or
anylime the expander efficiency decreases, the compressor differential pressure decreases

and the only way to flow the residue gas is (0 increase the compressor mlet pressurc

xvitl Fapander separator

The expander separator is designed 1o separale the NGL ligwds from the now compietely
processed inlet gas The gas from expander separator is the majonty {88%) of the plant
residue gas. It is passed throuph a mist cxiraclor pad as it leaves the top of the vessel to
help recover all possible WGL The separator has two (2) inlet lines, both two phase
(gasMquid). One from the, bottom of the cold separator and one from the expander outlet.

The NGL ligwd from expander separator is the total feed to the decthanizer, 21-1 M Hr at
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0394 SPGR. The expander separator makes the deethanizer fractionator mere efficient
stnce it does not have to handle the large volume of residuc pas. The expander separatar
liguid 15 pressured into the deethanizer although the residues gas from the separator and
from thc deethamzer join for fiow through the gas-gas cxchanger. An sutomatically
controlled restriction {back pressurc) is provided i the residue gas line from the separator
to force the liquid Now. When the residue pas hne pressure is higher than 40 bar the BSD
system is tripped causing a shutdown of the cryogeme planl. Overpressure protection of
the expander separator is by two (2) 100% capacity pressure safely valves, set 41.4 bar and
exhaust into the residue gas header to the gas-pas exchanger One PSYV is a spare and its
inkct and outlet block valves are car sealed closed The expander separator is designed to

the following specifications’

Size: 1538 mun LT}, X 2438 mm &/%
MWP. 41 537 bar at &3°C / -129°C

Residue gas handling system

To recover the refrigeration produced i the cryopenic plant and utilize the horsepower
(KW) generated by the expanders. The residue gas stream from the top of the expander
separator vesscl is used to condense vapour for reflux in the top of the deethanizer, chill
the inlet pas stream m the pas/gas exchanger and is then compressed by the expander
compressars o the inlet (o the residue gas recompressors where the pressure i1s increased

to residue gas pipehne pressure

From the expander separator 1he residuc pas at a rate of 96,350 M*/Hr, -84.9°C and 16.33
MW 15 passed through the deethanizer reflux condenser. This is a shell and tube exchanger
installed mside the top of the tower. The residue gas flows through the shell side of the
condenser and the deethamzer 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 (low throuph the tubes and
leave the deethanizer overhead, The expander separator residue gas afier the decthanizer
condenser joing lhe deethariizer overhead stream and pgoes to the gas/gas exchanger at a
rate of 106,230M°/Hr, -79°C and 16.52 MW, The residue gas is exchanged with inlet gas
ta recover refrigeration. The temperature of the restdue gas is mereased from minus 79°C
to 2.2°C by this exchange. From the pasfgas cxchanger the residue gas 15 compressed from

27.6 bar 1o 38 05 bar by the expander driven compressors. Tt is then used as regeneration
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gas in the dehydration seclion, compressed to 75.5 Bar by the residue gas compressors and
for future use a &" line from the residue gas compression suction header to JGTDC

pipeiine has been provided

ixx  Deerharizer

The purpose of the decthamizer is to separate by fractionation the methane and ethane
camponents contained in the feed stream from the propanc and heavier components, the
desired products. A small amourt of the ethane compoenent is lefl 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 the bottom product is the

deethanizer bottom temperature contrel pomt.

It has an internal mist extracior in the top which all overhead vapour must pass; i is the
contacting of the liquid feed with vapours nsing in the tower (rom the reboiler which
creates the stripping vapour action necessary to deethamze the product. There are 26 trays
m the deethanizer tower which provide the contaci surfaces necessary to assure proper
stripping action. 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 Fows into the bottom reboiler and vapour
rctumned to the tower below the bottom tray, The reboiler i3 a horizontal shell and tube
thermosyphon kettle type using hot oil {lowing through the tube side as the heat medium.
The deethamzer teed from expander separator is level controlled through the shell side of
the deethamiaer feed heater where inlet pas heats the liqud from -84.9°C to -76.8°C and
then enters the deethanizer on tray #9. The deethanizer is designed to the following
specifications:-

Size: 1372 mm LD X 1067 mm 1.D. X 21,945 mm S/8

MWP ;4137 bar at 149°C / -129°C.

xx Deethamzer. reboiler

The deethanizer reboiler supplies the heat input to the bottom liquid to generate sufficient
vapour to strip the lighter components from the NGY. produd in the column trays The
kettle type reboiler has hot oil Oowing on temperature control through the tube bundle.
The reboiler shell has a spill-over intermal weir which insures that the tube bundle is

completely submerged in liquid at all times. The weir forms a reservoir om the down
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stream side where the NGL is collected. The excess NGL liquid is pressured on level
contro! through the NGL, product air coolers into the NGL surge drums. The exchanger is
designed 1o the following specifications:

Duly: 6903 MKIJ/Hr
Shelt. 41 37 bar MWP at 180°C
Tubes. 8.6 bar MWE at 343°C

i Deethanizer reffux comdenser

The Condenser is an imtemmal shell and tube exchanger instailed in the top of the
deethanizer. The cold -84.9°C 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 lcaving the column. A periion of the
overhead pas s condensed and this liquid falls back onlo the top tray to provide reflux
liquid for the trays above the feed tray Without reflux hiquid the top trays will not separatc
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 i the hot oil line to the reboiler tubes. The exchanger is

designed to the following specifications.

Duty: 1179 MEIHr
Shell, 41.37 MWP at 66°C/-130°C
Tubes; 41.37 MWP at 66°C/-130°C

xxii. NGL produci coolers

The NGL product coolers lower the NGI. product temperature from 129 7°C to 48.7°C.
The maximum design NGL pipeline temperature is 50°C. A wmanual bypass around the
product coolers is provided te maintain a mmimum outlet temperature in the LP Flash
Dum. This bypass is normally fully opened. There are two (2} 100% air cooled
exchangers provided each with three (3) fans driven by 1.6 XW electric inotors. Double
tlock and i belween vent valves are provided on each unit for isolation Each fan unit (6
total) has its own high high vibration shutdown switch. The vibration switch must be reset
manually to restart the {an. The deethanizer NGL product joins the stabilizer bottom
product and Rows imo the two (2) NGL surge dums. The NGI. product cooiers are
designed to the following spectfications:

Duty: 1347 MEAVHr

MWP: 41,37 bar at 160°C
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xxiii, NGGL flavh 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 & remote location At siartup the remote tacility fractionation cquipment
will not be in operation therefore requiring an NGL product with &n atmosphenc vapour
pressure, After the remote facility fractionation system is in eperation the NGI. Flash

System will no longer be required and the plant can produce the normal NGL product as

designed

xxiv, Flash drum

The L.P. Flash Drum atlows the NGL product recovered in the stabilizer and deethanizer
ta (lash the Hight hydrocarbon due 1o the reduced operating pressure. The L.P. Flash Drum
design operating pressure is .2 barg at 47 © C. Becausc of the low operating pressure an
atmospheric NGL product is produced. This atmospheric NGL preducl 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
{lash drum is protected from over pressure by set at 10 barg. The L.P. Flash Drum is design

to the following specification:

Size 1219 mm 1.D. X 2438 mm 5/5
Desigr: 10 barg at 100°C

xxv, Vent gas recompressor

The Vem 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 increase in pressure is required to remject condensed hiquids via the Liquid Tmection
Pumps into the plant residue. The Vent Gas Recompressor is designed to the following
specifications:

Capacity: 1570 M*/Hr

Type : 3 stape reciprocating
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xxvi. Remjection surge drum

The Reinjection Surge D'um provides surge capacity for the condensed flash gas liquids
afler Tecompression Liquids condensed by the ‘vent: gas recompressor Discharge Cooler
are accumulated in, the Reinjection Surge Drum while any uncondensed vapours are
pressured controlled to the Mlare header. The accumulated liquids are 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 remjection
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 regulator from the
regeneration gas systcm. The vessel is protected form over pressure by set at 18.25 barg.

The Reinjection Surge Dirum is design to the following specifications:

Size 1212 mm 1D X 24,38 mm S5
Design: 18 25 barg at 60°C

xxvil. Product hooster 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
atmospheric NGL product, the booster pumps are required. The Product Booster Pumps

are designed to the following specification.

Capacity 6.7 M*/Hr at 3 bar AP
Type: Centnfugal pump

xxvii. Liguid injection prumps

Two Liquid Thjection Pumps transfer the NGL flash vapours that were recondensed by the
Vent (Gas Recompressor Discharge Cooler from the Reinjection Surge Drum to the plant
residue header. The liquid injection pumps are equipped with seal failure pressure
switches & linked 1o the shutdown logic system. The Liquid Injection Pumps are designed

to the following specification:

Capacity: 7.5 M /Hr at 72.4 bara
Type : Positive displacement pumps
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ixxx. Ligquid infection spray nozzle

The Liquid Injection Spray Nozzle is design ta aerosol the injected liquid to help vaporize
the liquid in the residue gas stream Two injection nozzles are provided so lhat
maimienance of a single, nozzle can be performed if required. "Y" type straincrs with 40
mesh screens are located upstream of the nozzles to prevent debris from plugging the

nozzie orifices This type of strainer can be blown clean with out disassembty.

NG produci handling
xxx. NGL surge drums
Two NGL surge drums operate as one 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 Lhe
stabilizer bottom product join and flow mio both NGL surge drums. The NGL surge

drums are designed to the following specifications.

Gize: 2438 mmiD X 6400 mm S/5
MWP 31 bar at 66°C

xxxi. Prixduct pipeline pumps

The two (2) 100% capacity pipeline pumps are designed to pump the NGL liquids mto the
North/South NGL pipeline and/or the Kailashtilla NGL pipeline The pumps are positive
displacement plunger lype pumps driven by 45 KW electric motors. They are designed for
14.1 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. Overpressure: protection for the two surge drums is provided by three (3}

full flow pressure safety valves, set at 31 Bar and cxhausted to flare.

xxxii Residue gas compressors

The residue gas compressors take suction from the expander compressor common
discharge header in the cryogenic section, at a pressure of 3805 bar, 30°% and
106,250M*/HR at 16.52 MW. A commen 12" suction header is provided for, the five (5)
compressors The five compressors operatc in parallel and increase the residue pas

pressure to 75.5 bar and flows into the 24" North/South gas pipeline.
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The five (5) residue gas, compressor are identical and separate selfcontained packape
units. They are Atlas Copco Industries single stage dual cylinder gas engine driven
compressors driven by Caterpillar gas engines. Each unit has its own lube oil and coolmg
water systems and air cooled oil, water and process gas exchangers Each compressor is
rated at 810 horsepower at 1200 RPM engine speed. Each cempressor is designed for
21,238M*HIr {20%) of plant capacity. They run in parallel and can be run on governor
speed control, in Lhe 8300 to 1200 RPM range, or Lhey can be run by manual set of speed.

xxxiii. Resiche gus sysrem and melering
The discharge from the compressors are collected in a commeon 12" header wath the
fallowing connections:

n A 6" line with a pressurc comtrol valve that is used to recycle gas from
compression discharge to suction to maintain pressure,

o A 1" line that is used as & sample point to the dehydration outlet mmsture analyzer.
When the cryogenic plant is being dded-out, prior to lowering the temperature, this
line is used to determine when to stop the dry-out.

o A1 1/2" line that is the expander's seal gas supply source during siarl up operation.

a A 3" line that connects to the inlet, gas line 1o the cryogenic plant and upsiream of
the inlet filter separators This line is used as the cryogemic plant inilial dry-out
recycle line and normally for warming the plant to de-rime when necessary .

o A 12" emergency stutdown valve: The residue pas compression discharge valve
cioses when the ¢ryogenic plant is shutdown via the BSID system

o A sample point, that goes to a gas chromatograph to analyze the comtents of the
residue gas.

o The residue gas header now splits for Now through two (2) identical custody
tranafer flow computerized meters on the main panel. One flow ineter 15 a spare
Flow telay goes to Lhe prnter, flow recorders & to the SCADA

O Another residue, gas plant outlet emergency shutdown valve s placed in the 127

line before connecling to the 24" pipeline.
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4.2.7 IFPEXOL Process Plant

\FPEXOL is IFP’s trademark for their patented Integrated Functions Processing Expertise,
a process technology which offers a complele treatmemt of wet, sour, condensable
hydrocarbon gases in a single process unit. It is based on freeze-point depression qualities
of methanol-based solvent. Only one 1IFPXOL process plant is installed in Bangladesh at
Jalalabad gas field.

The brief description of 1FPEXOL plant is given below:

4,2.7.1 Process Description

The process sarves for Hydrate Prevention, Dew Peint Contrel, Dehydration, Acid Cas
Removal. Plant consists of the following major components shown in the Fygure 4.14

These arc-

o HP separator

o Test separator

o Inlet gas filter

MP production separator
(7as boot

[FPEXOL centactor
LTS [FPEXOL pumps
Gas-gas exchaneer

LT separator

(3as chiller

o o oo 0 [ O

]

Propane compressor{s)

]

Compressor inlet scrubber

]

Refrigerant economizer
Propane scrubber(s)

Propane condenser & accumulator

cC O 0O

Methano! storage.

Besides, Instrument Air System, Flare System, Condensate Tank and Pumps, Fuel Gas
System, Waste Water System and Fire Fighting System.
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Flowing from each wel! arrive at the battery limit via 8 inch pipelines. The lme is split and
tic-in goes to 8 production header and a test header. The (luids collected n the production
wells header are sent to a HP separator HP Separator is a three phase scparator. The
vessel is designed for a pressure of 1415 Paig and 120 %F and flow of 125 MMscfd of gas,
1820 BPD of hydrocarbon liguid and 1230 BPD of free water. Fluids from the test well
header arc sent to the Test Separator. It is designed to handle 50% of the designed flow

rates of the Production Separator.

Gas [rom the HP Separator and Test Separator (low to the Tnlet Gas Filter. The filter
coalesces any liquid droplets entrained in the gas. The dry gas from the hiter goes on to
the IFPEXOL Contactor, Gas passes up through the comtactor and it comes in contact with
the water/methanol Rowing 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 furiher downstream where Lhe temperature will be lowered in order to achieve

the dew point specification. Water collects at the bottom of the column and is drained out.

The methanol rich gas stream at 1276 psig and ! 19%F enters the tube side of the Gas/Gas
exchanger where it is cooled to 22°F 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 temperature is reduced
to 0°F. At this temperature hiquids 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 Separater. In LTS the
gas is separated from the liquids and sent to the gas/gas cxchanger, which pre-cools the
incoming gas. Gas from LTS gets warmed in G/G exchanger and exits at 102°F as the
sales pas

The liguids collected in the LTS are separated by gravity. Hydrocarbon liquid collects in
the shell of the vessel and water/methano! is collected in the boot. Water/methanol
solution is pumped through filters 10 the IFPEXOI. comactor.
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Figure 4.14 ; Process Flow Diagram of IFPEXOL Plant at Jalatabad Gas Field.
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Propane, which is used ag a refriperant to cool the gas is limited Lo a closed system Hence
propane loss is negligible other than leaks through the safety rehef systerns. Propane
refrigerant vapor from the Propane Compressors enters the Propane Condenser, an air
cooler, at around 2850 psig and 170°F, Propane 15 cooled and condensed here. Liquid
propane flows to the Propane Accumulalor Propane from the accumulator enters the shell
side of the Propane Sub Cooler 1 and its temperature is lowered to 100°F in the heat
cxchange with the cold hydrocarbon liquid flowing in the tube side. Propane from here is
(lashed to 35 psig and 33°F. The two-phase liquid emters the Propane Economizer. The
liquid is piped to the Propane Sub Coeler 2 and the vapor is then piped to the inter stape of
the propane compressor. Liquid propane from the economizer enters the shell side of sub
cooler 2 and cooled 1o 23° F and piped to the Chiller. The gas on the tube side of the
chilicr is cooled by the cvaporating propane refrigerant en the shell side. The vaporized

propane is piped to the propane compressor inlet.

The hvdrocarben liqud from LTS goes to the Propane Sub Cooler 2, The liquid exits
through the tubg side at 23°F After flashing through a valve it goes to the tube side of the
Propanc Sub Cooler 1 where it is warmed to 100°F. From here this liquid alomg
with hydrocarbon liguids from the separators are piped to the MP Separator. The pas
from MP separator 15 used as the man tuel pas The hguid from the MP separator is

piped to the storage tanks,

The gas planl has been processing gas between the range 60/130 MMSCFD during its last
anc year of operation at Jalalabad gas ficld Plamt operating pressure varied between 1100
and 1200 psis. Low Temperature Separator has been functioning between G and-10°F
Water dew poimt of the sales pas is maintamed between O and -10°F with water content
ranging between 10°F and 17°F. A comparison of LTS temp, water and hydrocarbon dew

point is shown m below-

The sales gas specific gravity vanes between 0.579 and 0.604 with the BTU value ranging
between 1045 for the lowest and 1080 btw/scf for the max sp. Gravity value.

TFPEX (L Performance Range:

Water & Hydrocarbon Dew Pont: down to-100"C | ppm water vapor
CO2 content in treated pas: down to 1000 ppm
ik25 content in treated gas Y grain per 100 scf or 3.3 ppm vaol

Methanol content in water out: less than 50 ppm
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4.2.83 Glycol Dehydralion with Turbo Expander Plant

This process is combination of gas dehydration with ligud hydrocarbon enhance process.
The pas dehydrahon process is similar to glycol dehydration process. Turbo Expander is
mstalled lor liquid hydrocarbon enhance process. Processing by turbo expander is similar

with Kailashiila gas ield Block diagrams are shown in Figure 4 15.

The brief equipments list of this plant, which is installed a1 Sangu gas fields, is given

helow:

4.2.8.1 Process Equipment

The Chillimpur Gas Plant was constructed by Brown & Root, an affikate of HBR Energy
Inc. The gas that comes onshore from the Sangu platform is of high quality and dry but
still containg some water and condensate - hydrocarbon liquid that drops out of gas The
watcr and cendensate is removed from the pas stream at Chillimpur and the condensate is
sald to Bangladesh Petroleum Corporation for refimng, The dry gas 1s being transported
into the Bakhrabad pas line of BGSL (Bakhrabad Gas System Limited). The gnd in
Chinagong is connected to the national gnd in the north,

Offshore Platform Facilities at Sangu are :

0 Wellheads with hydraulic power for actuabion of well valves, choke valves and
platform ESDV valves, {Control valves have separate dedicate hydraulic supplies).

o Test/Production Separation with metenng of gas, condensate and water streams
prior 1o recombinaticn

0 Permanecmtly installed export pig launcher.

o Storage and mjection of corrosion inhibitor for inhition in export pipeline,

a

HFP vent for emergency and marual depressurisation of plaiform inventory

]

Electncal power generation {diesel engines), distnbution and UPS
Control and monitoring system {CMS)
LS50 and fire and gas system

Telecommurnications

O O O 0O

Platform cranc

]

MEG injection facilities for start-up

O

Local egumipment room (1.LER).
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Onshore Facilities consist of a Pig Receiver to handle sphercs and intelligent pigs Shig

Caicher removes wet gas and liquid slugs from pigging operations and flow rate ramping.

Gas s processed by glycol dehydration with turbo expander plant. There are 1wo process

train to the plant. Each train has a capacity of 260 MMscfd. The major components of the

plant are shown in Figure 4.16. Each process train consists the following system and

COmpoOnents:-

[ Y R O N A i B

Dehydration knock-out drum

Glycol contactor with gas/elycol heat exchanger
Glycol regeneration

(iasf gas exchangers

Expander suction k-o drum

‘Turbo-expander with parallel j-t valve

[Low temperature separator

Common facilities

0

O o o 0 0

a

(ras fiscal metering and expor

Fresh TEG storage drum, chemical injection (pH and antifoam) and TEG closed
drains syslem.

Fuel gas system including start-up heater

HP Hare system

LP fare and combined closed drains

Instrument/plant air system

Condensate stabilization, storage and export system

» (Condensate flash drum incorporating integral condensate heater
v Condensate rundown cooler

» Condensatc transfer pumps

» Condensate storage tanks

» (ondcnsate exporl pumps

=  Tanker loading package
Produced water trcatment systen

s  Produced water sump
=  Recovered oil pump

»  Produced water transfer pumps
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» Produced water treatment package (quality < 20ppm of cntrained
hydrocarbons)
» Produced water disposal pond and dispesal pumps
Warehouse / laboratory / maintenance facilines
Main and auxilisry power generation and distribution and ups
Fire protection systems including firewater and fbam
Control and monitoring system (CMS}
ESD and fire and gas systemn
Telecommunications

Control monlocal equipment room
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v CHAPTER V

COMPARATIVE STUDY OF THE GAS PROCESSING PLANTS
IN BANGLADESH

The earlicr chapters discussed the number and types of gas processing plants currently in
operation in Bangladesh Each type of plamt was presented in detall 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, technology, equipment,

process, performance, etc. In this project the following comparative studies are conducted:

-For a given type of technology, all the plants are compared on the basis of their
major componemts and facilities.

~For a given type of techuology, the major repairs and replacements for all plants
are compared.

-Performance of the process plant at each field is examined, and feld wise

companson is made.

Detail discussicns and summary tables are presented in the next sections.

%.1 Comparisons by Major Facilities and Components

T this section, it is atlempted to group the various process plants on the basis of ther
types for mesningful comparisans. Companisens of similar type of plants at various

locations are presented as follows:

3.1.1 Ghycol Dehydration Process Mants

There are sixteen glycol process plants currently in operation in Bangladesh. The location,
capacity, process and equipment description of these plants are presented in section 4.2.1.
A comparative study of all these plants regarding their major components and facilities is

presented as follows
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Ciiyeol cirenlation pumps. Plants-1, 3, and 4 in Titas feld use gas driven plunger
type “union” pump for glyco! circulation. Plamts-5, 6 in Titas, plants in Narshigdi,
Saldanadi, Feni and plants-5, 6 in Habiganj field use high pressurc glycol dnven
four energy exchange type “Kimray” pumps In Titas, plant 7 and & (LTS with
ghycol injection), electric motor driven pumps are installed. The performance of
glycol driven four energy exchange type pumyp is better than other types of pumps

with respect to maintenance and service.

Giveol filters. Two type of glycol filters, namely carben and soak fitter, are used in
Tiles plants-4 and 5, Rashidpur and Feni process plamts. The other glycol
dehydration and LTS with glycel injection plants in the country use only one type
of flter, either ¢arbon or soak. The sock filler removes schds and a carbon filter
absorbs small ameunts of hydrocarbons that may build up m the circulating glycol.

Using both type of filers is more effective and preferable.

Glyeol separator. Three phase (tash separators 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 Fem field, where it is of vertical type.

Knock-out separatar: Horizental knock-out separators arc installed in the plants at
Titas and Habigarj. But in the plants at Saldanadi and Norshinghd:, vertical knock-

out separators are installed.

In Feni field, Knock out separator is an integral part of the contractor tower. There
is no individual kneck out separatar. The lower poriion of the plycol contractor

acts as a separator.

Surge tank and Heat exchanger. Glycol surpe tank/accumulator and glycol-glycol
heat exchanger are separatc vessels m Habiganj plants 34,5 & 6, Norstungdi plamt
and Titas plants. But at Saldanadi and Habiganj plants 1.2 and at Feni field, the
surge tanks act as Shell Tube Heat Exchangers. The surge tank acts as the shell
side, while the accumulator and 1ubes inside the surge tank act as the tube side of

the heat exchanger.
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Gas-ulycol heat exchangers are insialled in Feni, Rashidpur and Habiganj piants 5
and 6. Dry gas from the top of the glycol contactor flows through this heat
exchanger This cools the incoming dry glycol te increase its absorption capacity,
and decrease its tendency to llash in the contactor and be fost to the dry gas.

o Cooler Odly air-glycol cooler was installed at Feni. The high temperature of
glycol may damage the different seals of glycol circulation pump.

The natural drafl air cooler with a vapour drum is mstalled in Norshigdi, Habigan
plants 5 and 6. Other plants do not have this facihty, which achieve the optimum
recovery of condensate/water vapor from pglycol regenerator/still column of the

plants. Feni field only has a cooler but no a vapour drum.

Table 5.1 shows the comparison of the major faciliies and equipment of glycol process
plants in Bangladesh.

5.1.2 Silica Gel Process Plant

There are eleven silica pel process plants currently in operation in Bangladesh. The
location, capacity, process and equipment description of these plants are presented in
seclion 4.2.2. A comparative study of all these plants regarding thewr major components

and facilities 15 presented as follows:

o Coclfer: Repeneration gas-water coolers are instalied in the silica-gel plants of
Bakhrabad and Sylhet Gas Fields. But in other silica-pel plants, regeneration air-
gas coolers are installed. Operation of gas-water coocler requires other accessories /
facilities. Operation of air-gas cooler is simple, not depending on other accessories

except supply of elecincity

In the regeneration air-gas coolers at Bakhrabad, tube-fius are installed below the
fan. In other fields, tube-fAins arc insialled abave the fan.

o Falves: In Bakhrabad Gas Field, butterfly valves are used in the tower manifold.
But in the other fields, orint valves are used in similar plants.



Table 5.1: Comparison of Equipment ameng Glycol Planis in Bangladesh

Legend : Installed =~ | Horizontal = H | Combind with accumulator = C | Four energy exchange
Not installed = X Vertical =V | Separate from accumulator = § | glycol dniven=F
—__  Field & Plant Feni Habigan] Narshigdi | Rashidpur | Saldanadi Titas
Equipment Plants | & 2 Plants 1toé Plant 1 Plant 1 Plant 1 Plants 1,3,4.5 & 6
Water bath Status X N y + N y
heater Type - H H H H H
Knock out Status X v N ¥ o y
separator Type R H v I H A’ H
Remarks | Lower portion of the glycol tower acts as a separator in plants 1 & 2 of Feni
Gas-glycol Status V Xiltod) | V(5 & &) X A X X
exchanger Type Shell & tube - | Fin tube - - - -
Remarks | Gas glycol heat exchanger is installed only in plants 5 & 6 in Habigan; field.
Sales line Status X X X +
scrubber/Filler Type - H - Double tube-H - H
separator Remarks | Common scrubber for all plants in Titas and Habiganj
Glycol flash | Status Y vlted) | X(5&6) v +f +
separator Tvpe W H - H H H H
Glycol/Glycol | Status y V(1.2,5& 5) | V3 & 4) Y ¥ o ¥
heat Type C C S 5 C C 8
exchanger |Remarks | Surge tank act as the shell side of exchanger m Saldanadi, Rashidpur, Nershingdi, Feni and Habiganj (Plants 1,2, 5
& b).
Surge tank / | Status N V1,25&5y | ¥V 3 &4 y V) N y
Accumulator Type C C 5 8 C C §
Remarks | Accumulator act also shell side of glycol / glyeol exchanger in combine case.

611



‘T'able 5.1 (Continued) : Comparisen of Equipment among Glycel Plants in Bangiadesh

Field & Plant Feni Habiganj Narshigdi | Rasindpur | Saldanadi Titas
Plants 1 & 2 Plants | to 6 Plant 1 Plant 1 Plant | Plants 1.3, 4.5 & 6
Egquipment
Status y v N v ¥ y
Giveol filter Type [Soak & carbon Soak Soak & Soak Soak (1.3 Soak Soak &
carbon & 6) garbon(4 & 5)
Status y N N y V N N
Type F F Dual pump E F F Plunger pump| F(5& 6)
{125 & 6) {(3& 4) {1,3 & 5%
Glycol pumnp  [Remarks | In Habiganj Plants 3 &4, two gas driven pump are used. One to pump rich glycol to regenerator, and another for
surge tank to ¢contractor
Air/Glycol heat | Status A X X X X | X
exchanger Type Fin tube - - - - -
Vapour drum, | Status X X(ltod | ¥{5&6) N X X X
Natural drafi  |Remarks | Arial cooler is installed instead of Vapour drum and Natural draft air cooler in plants of Saldanadi and Narshingdi
air cooler
Status y N v X X y
Fuel gas Type v Y Drip pot - - Drip pat V{5&0)
scrubber (1.3 & 4)
Remarks | Common in plants for 1 to 4 of Habiganj field.

(IrAl
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o Operation oycle: The plant of Bakhrabad is the only one which has provision for
processing in both “Closed Cycle” or “Open Cycle” operation. Plants in others
ficlds have provision for only “Open Cycle” operation, Ender "Closed Cycle"

operation, a nominal improvement in the hydrocarben liguid recovery is possible.

o Separator: Hoernzontal knock-out separators are mstalled m the silica-gel plant of
Rashidpur Field, but the resi of the silica-gel plants have vertical type knock-out

separators.

In Fenchuganj and Beani-bazar, only one knock-out separater is insialled for
muitiple wells. Other silica-gel process plants have individual knock-out separator

for each well,

a Well controdler: In Rashidpur, the plant has a well contreller which automatically
cantrols individual well flow with respect to tetal flow. Other plants do not have

this provision.

Table 5.2 shows the comparison of the major facilities and equipment of silica-gel process

plants.

51.3 General Comparisons

Following compansons can be made amnong different types of plants:

0 Separator, Only LTS and LTX type plants have the Knock out separators
msulated, whereas in the other types of plamts, they are not insulated. Temperature
of knock out separators in the LTX and LTS plant is lower than ambient

temperaiure The vessels are insulated to reduce heat loss.

Knock out separaior of LTS plant 9,10,11 & 12 in Titas are honzental but in LTS
plant 7 and 8 in Titas, they are vertical,

g Instrumentation: In the LTS, LTX and Glycol plants, dry nalural gas is used for
operating the process mstruments. In the other plants, doy air is used instead. Using

dry air enhances the life of instrumenis and cause iess trouble.



Tabtle 5.2;: Comparison of Equipment among Silica Gel Plants in Bangladesh:

Legend : Installed =+ | Horizonta! = H | Forced draft in tube=F
Not installed = X Verlical = ¥
Field & Plant Bakhrabad Beanibazar | Fenchugzanj Kailashtila Rashidpur Sylhet
Equipment \ Plants 1 to 4 Plant 1 Plant 1 Plant 1 Plants 2.3 & 4 Plant 1
Inlet air cocler Status | X (1 to3) N (4) X X X X X
Type - E - - - - .
Remarks | Recently inlet air cooler was installed in plants 1 to 3 of Bakhrabad field.
Water bath heater | Status A v + y Y v
Type - H H H H H
Remarks | Common water bath heater for plants 3 & 4 of Rashidpur field
Knock out Status Y ¥ X N N ¥
separator Type v vV v v H v
Remarks | Lower portion of the glycol tower act as a separator in plants 1 & 2 of Feni
First stage Status X X X X V X
scrubber / Type i - _ - vV -
separator
Regeneration gas | Status y X X X X v
water cooler Type . - - - - H
Booster Status + X X X X X
COMpressor Type - - - - - -
Remarks | Due to this compressor plants | to 4 of Bakhrabad field can be operated by closed cyele mode.

el
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a  Filfer/Scrubber: All the silica gel plants use filter separator/scrubber belore sales
line In the MSTE plant, the stabilizer acts as the sales line scrubber. All the plants
of Titas and Habiganj have common scrubber, but other plants in different fields

have no a scrubber.

5.2 Major Replacements and Repairs
There are some regular maintenance and replacements common to all plants. These are-

0 Seat-plug, ball, gate and diaphragm of dillerent types control valve, globe valve,
gear valve, ball valve, butterfly valve etc. are required to be replaced afler 273
years. Valves are replaced every 10/12 years.

O Nozzles, beliows. relays, bourdon-tubes, diaphragms etc. of the conirolter/
positioner/ regulater/ transmitter are required to be changed every 4/3 years. Whole
assembly should be replaced alter 8/10 years.

o Pressure pauges & lemperature gavges are replaced cvery 2/3 years

Major replacements and repairs al dilferent types of process plants are listed below. The

ficld names for each tvpe of plant appcar in atphabetical order.

5.2.1 Glycol Dehydration Plant
Habiganj Gas Field L

o Revamping works of planis 1 & 2 were camied out in 1985 including the
following:
~Installation of a 3-phase horizonta! flash separator in place of a verlical separator.
-Addition of a charcoal filter.

0 Depraded gtycols were replaced in plants 1 & 2 in 1988, 1990 & 1993 During
Glycol replacement, each plant was shut down for 5 days.

o Glycol flash separator and glycol-glycol heat exchanger of plants 1 to 4 are
required to clean afier every twofthree years

o Glycol pump ol the glycol plants 1 te 4 are required to repair afler every 3/4 ycars
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Norshigdi Gas Field

Q

High pressure gas gathering lincs well head to knock out separator of well was
replaced in 2003 due to internally eroded.

Pressure control valves {PCV) of plants was replaced.

Deuraded glycol was replaced in 2004,

Saldanadi Gas Field

Herizomal knock-out separater of pglycol plant was replaced by vertical one in
2000,

Gathering line of well 2 was installed with well | in 2001

Degraded glycol was replaced in 2002 & 2005.

Glyeol filter cartridges were replaced in 2002

MNew glycol pump was mstalled in 2003,

Pipe line was prepared for gas generator in 2003

The glycol fAash separator and re-boiler were cleaned in 20{4.

The downcomer of reboiler was repaired m 2003,

Titas Gas Ficld

O

a

Bubble trays of plycol tower Plants 1 & 3 were repaired in 1977-78.

(Glycol-glycol heat exchanger of planis 1,34 & 5 are required to clean after every
two years

Re-bailer fire tube of glyeal plants 1 & 3 were repaired 1n 1978-79.

Plunger type glycol pump of the glycol plants 1 & 3 are required to repair aflcr
every 2/3 months

Well head to inlet heater pipe lines of glycol plants 1 & 3 were replaced two times.
Pipe line to common header to well-5 was repaired in 1985,

‘Tube of glycol-ulycol heat exchanper of plant 7 was replaced in 2003

High pressure gas gathering lincs {well head to common header) of well-1, 2, 3 &
& were replaced in 1999 due to mternally eroded

inlel control valves {PCY) of plants 3 & 5 were replaced.

Well head to knock-out separator pipe lines of plycel plants 4,5 & 6 were replaced

two times,
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5.2.2 Silica Gel Dehydration Plant

Bakhrabad Gas Field

a

Tube of regeneration gas-gas heat exchanger of silica gel plants was replaced in
199%.

Regeneration gas-water cooler was repaired in 1992 and replaced in 2001

Sand collector separator was mstalled in well 3 in 1999,

Two inlet cooling fan were mstalled in 1rains A/B/C in silica-gel plants from LTS
plamt 1€ of Titas Gas Field

Silica-cel of trains A, B, C & D was replaced in March 91, January 94, August 91
& May 97 respectively

Due to Lhe decline of well head pressures, Pressure control valves (PCV) of well-1,
2 3,5 & 7 were removed during the penod May-November, 1997

Three water bath heater of Bakrabad gas (ield out of four were relocated to Beam
Dazar, tlabigan) & Meghna gas fields at different times

Tubes of Heat Exchanger of train D were replaced in August 98.

A free Liquid knockout separator was installed on the flow line of well- 8.
Gas-water lleat Exchangers of trans A & O were repaired in July 91 and
September 92 respeciively. The same of train B was repaired in June 91 and
March 95.

Cracked fire tubes of oil bath heater of train A were repaired in November 93 &
November 94 and that of train B was repaired in August 94 Also the cracked fire
tubes of tram C were repaired in December 94 and March 93,

Regeneration Air Cooler Heat Exchanger of tram A was repaired in June 94 and

February 95.

Rashidpur Gas Field

|

The silica gel of old plant (70 MMscfd) was changed of Rashidpur Gas Field
2001

Tube of regencration gas-gas heat excahanger of silica pel plants was replaced in
19938,

Pressure centrol valves (PCV) of well-1,2 & 3 were replaced two times.

Tubes of Heat Exchanger of old silica gel plant were replaced in 98,
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Sylhel Gas Field

o o 0 O

513

Regeneration gas-water cooler was repaired two times.

Silica-gel of dehydrator was replaced three times.

Inlet choke valve of the well was repair severat times and replaced two times.
Gas-water Heal Exchangers of the plant was repared in March 8% and October 98
respectively,

Regeneration gas heater, air cooler & cooling gas cooler were repaired few times.

Low Temperature Separation (with/without Glycol Injection) Plant

Titas Gas Field

[

o o o g o

Temperature controllers of three way pressure control valve of different LTS plants
was replaced several times.

Tube of glycol-glycol heat exchanger of plant 7 & 9 was replaced in 2003

Pressure contral valve of LTS umt was replaced in 1599

Tube of inlet air cooler of the LTS plant 7 was repaired in 2001, 2003 and the
cooler itself was replaced m 2004,

Inlet ar cooler of LTS plants 9 & 10 were replaced 1991, 1998 & 2004

Inlet control choke valves (PCV) of plant -9 & 10 were replaced.

(racks developed in the fire tube of reboilers at plants 7 & 8 were repaired

Leaking tubes of inlet air coolers ol plants-7 & 8 were repaired several times.

Hich pressure gas pathering lines o well head to ptant inlet ol well 7 & 8 werc
replaced in 1999

HI' gas gathering lines from commmon header to plant mlet of well @ & 10 were
replaced in 1999,

Viewing frequenl recurrence of lcakapge in inlet air coclers 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 Extraction Plant

Meghna Ficld

o Heat Exchanger of unit 1 of LTX plant was replaced in 1981 and that of unit 2 was
replaced in 1983 & 1984,

o [eat Exchangers of both units (unit1&2) of LTX plant were repaired at Titas
workshop

o Pressure control valves (PCV) of both plants were replaced few times.

5.2.5 Other Types of Plants

o The meolecular sieve of Kailastila plant was changed m 2001 .

o The bubble trays of de-ethanizer of Kailastila were replaced n 2001

o Separate oily water separator was installed for welt 4 of Kailastila Gas Field in
1999,

o The knock out separator of Jalalabad piant was replaced in 2005

o Boiler tube ol old factionation plant in Titas was repaired in 1998, and was
replaced in 1999.

a DBoiler tube of new fractionation plant in Titas was replaced in 2004,

5.3 Performance of Process Mlants in DifTerenl Fields

All of the ipstalled plants in Bangladesh achieve a very good specification depress belew
the dew point even in the case of most old plant The older processing plants cannot
handle the name plate gas fow rates and the separation of hquefiable HC is not
satistactory, leading to condensation of remaining liquefiable HC mside the transmission
lincs On the other hand, the pressure and temperature of the wcllhead gas are significantly
different from those used in the design of the process plants, With the depletion of reserve
the gas composition has also changed, which affects the plant performance due to phase

behavior.

The common problem in most of the plant in dilferent gas fields is the lack of vapour
recovery systems on condensate production. The hquids are not stabilized before being
sent to the stock tank, Stabilization involves heating the liquid to & temperature above that

which they will be stored before cooling in order to miniumize vapour loss from the storage
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tank The process scheme high pressure {1000 psi) liquid streams are combined at the inlet
of the 40-90 psi flash separator. After this flash, they are then combined with the low
pressure higquid sireams and sent to the atmospheric storage tank where Lhe liquids are
flashed again. This final (ash strips the hightest components, which, in turn, "drags” some
of the heavier components as well, thus contributing to liguid loss. Further loss occurs as

the tank "breathes” as liquid levels are varied with shipping to and from the tank.

No vapour rccovery systems are installed on the condensate stock tanks, causing
weathering and loss of product 1o the atmosphere. Installation of pressurized storage tank
mey increase the liquid hydrocarbon recovery but in this case the condensate can not be
carfied in conventional tankers. Pressurized tanker will be required, which 15 not feasible
currently. Tntroducing a vapour recovery system in a low capacity tank may not be
feasibie, but all large storage tanks for condensate product should be upgraded to
incorporate vapour recavery syslems Besides, installation of natural drall air coolers and
vapor drums etc. may be able to enhance recovery of condensate/water vapor from glycol

regenerator/still column of the plants.

Tn most of the plants, sales line scrubber are not installed, which is needed to Hnally
remove the dust, liquid hydrocarbon, water or other undesirable foreign particle for supply

of clean gas

In several fields, water handling and disposal facilities are not sufficient. Handling,
processing and disposal of produced water will require installation of apprepriate facilities

including tanks, fltration systems and transfer pumps.

Though alt of the fields meel cHiciently the sales hne specification but in the respect of
liquid hydracarbon recovery all the process plant are net appropnate for processing of raw

pas from well.

The process performance at each field is presented next. Following discussions manly
focus en the abilily to depress the dew point, t.¢., the ability to remove entrained watcr and
the eflectiveness of the hydrocarbon recovery system. The problem of produced water
handling is also addressed. In addition, ideas about enhancing hydrocarbon recovery and
overall process improvement are suggested where applicable. The lield names appear in
alphabetical order.
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5.3.1 Bakhrabad Gas Field

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 recaverable C5™ liquids. With the silica
gel towers operated on a shert cycle, (approximately 30 minutes) the process can recover
some hydrocarbon liquids. Fiistorically the Silica gel process achieves a very good
specification on dew poimt but plant has never recovered much more than appraximately 2
bbI/MMcf liquid hydrocarbon. When the field was processed by Glycel plant up to 1936,
the average condensate recovery rate was 0.834 bbl/MMcf, in the casc of silica gel it was
1.45 bbl/MMcf {average). So, silica get process seems to perform better than a glycel plant
with respect to hydrocarbon recovery. The plamt design predicted liquid recovery
exceeding 6 bbiMMcf. Since the average flow rate for each train is less than the design
rate, cross-sectional considerations and velocity through the silica gel adsorption tower
should not cause the loss in efficiency. At least four possibilities exist which could explain

the loss in plant liquid recovery efficiency. These are:

i} Inket temperature: Inlet feed temperature to the process sigmificamly higher than the
temperature presumed in the design, {123°F versus 150°T). The higher inlet temperature
acts to reduce the volume of liguids adsorbed on the silica gel, thereby reducing the
volume of liguid, which can be recovered. This issue was addressed during design of the
fourth train instalted in 1989, where a fin-fan cooler was installed upstream of the process
to pre-coot the inlet gas stream. Inlet cooling of the produced gas prior to processing i3 an
effective means of improving liquid recovery. Recently, two old fin-fan cooler from
installed in two trains from Titas Gas Field,

i) Stock tark desnm. Wo vapour recovery of stock tank vapours causing weathering and

lass of product to atmosphere.

iii} Operation cycle: Under "closed cycle” operation a nominal improvement 1s possible m
the hydrocarbon liquid recovery. The compressor for the regeneration gas was ofien not in

operation during this time consequertly the process could not be run on a "closed cycle”.

iv} {ras composition: The gas composition used in the design diffes from “averaged”

compositions from all gas sands produced to the plant.

*
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Theoretical volume of liquid which could be recovered and stored in an atmesphenc
storage tank (Cs.) is 4.8 bbl/MMcf It is estimated that the process recovery cficieticy
- coupled with the inlel 1emperature of the gas and the lack of a vapour recovery system will
limit recovery to approximately 3 barrels™Mcfd (almost entirely Cs.). Fluid composition
of well C; ranging from 93.6 to 94.0 percent and Cs to C4 percent is higher than Cs.. But,
The silica gel system to effectively recover more than the Cs, components and some amall
quantity of the C;; and Ci+ components for. If the cycle time set very shorl light
hydrocarbon can be recover but it effect the dehydration of pas. So for recover of light
hydrocarbon this process is not appropriate For maximum potential recovery if the turbe
expander process applied would be 13.3 bbl/MMcf, which is mixture of Cs- and higher

hydrocarbon.

The tutbo expansion process could make use of the existing dehydration facilites il they
were ysed for water rem-:m;l by silica gel process train would operate on a longer cycle. The
inlet pressure 1o the turbo-cxpansion process i 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 pomt n time, booster compression can be added to raise the pressure to 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 capaciiy to deplete the
reserves in Bakhrabad conscquently ne conceptual facility plan is required for this field.
The feasibility of reducing the inlet pressure to the plant and mstalling inlet boaster

compression should be re-evaluated.

5.3.2 Beani Bazar Gas Field

The Silica gel process has been able to depress the dew points lower Lhen the sales line
specification and averave condensate recovery 16 99 bb1/MMSCY. For higher GOR some
times the plant can not properly handle liquid bydrocarbon recovery, over flooding of
hrydrocarbon in the silica ge! bed liquid hydrocarbon mixed with outlet gas of dehydrator.
The Upper and Lower Gas Sand comtain a lean gas with a hquid-gas ratio of 13.2 and 15 7
bbl/MMscf at feld separator conditions. By introducing process Tacilities the recovery of

condensate is slightly enhance with respect 1o field separator conditions.
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The gas compositions for Kailashtila and Beam Bazar are very simifar, In fact Beani Bazar
has a sightty higher mole fraciion of heavier components than does Kailashtila, therefore,
the inslalling liquid recovery must be equal or better than for Kailashtila. Due to higher
GOR the silica gel plamt not handle below Cs. at all and small portion of Cs.. So for
enhance recover of hydrocarbon turbe expander process would be applied like Kailashiila,
Already, development project is being financed through [oatation of & bond by SGFL to
inslall a new MSTE process plant in this field under progress.

Vapour recovery of production tank/stock tank weas not installed in the plant, which affect
the vapour loss from the tank., More over flashing of condensate affect the loss of hght

hydrocarbon.

5.3.2 Fenchuganj Gas Ficld

Silica ge! plant was installed m Fune 2005 and operation staried on September 2003, The
plant is now under warrantee peniod, some troubleshooting changing of process
parameters‘operating condition &lfects the performance of this plant. It will need about a
year of operational data before any conclusion be made on its performance. But for now,
the plant appears to meet the sales line conditions Production from Fenchugan] well 2
started on 22 May 2004 from Upper gas zone hy the inslallation of interim production
facilities In a testing reporit GOR n Upper zone was near about 0 & bbl/MMscf and but in
the interim facilities il was 0.3 bbl/MMscE 1n this plant the GOR slightly increased and
became 0.4 bbl/MMscf.

5.3.4 Feni Gas Field

Feni-1 was processed by LTX unil, up te 1995 GOR was 2.5 bbl/MMscf (separate
condensate dala available up to this penod). Afler production of Fem-1 & 2 by hoth LTX
and silica gel plant GOR was 2.16 in the BGFCL peniod. En the case of new glycol plant,
GOR is 1.47 bblMMscf. In view point of hquid hydrocarbon recovery, performance of
LTX is preferable,

5.3.5 Habiganj Gas Ficld

There are six glycol detrydration plants in this field. Based on compatibility 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 attraclive processing
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scheme Water dew point control is the only processing requiremert to meel sales gas
specifications for production from Habigan) Gas Field. Plants-1 & 2; 3 & 4 processing
capabilities have been constderably decreased to each 45 MMscfd and 65 MMscld due to

cominuous operation for 23 years and 1% years respectively.

Two new Glycol plant 5 & 6 are equipped with natural drafl air cooler, vapor drum and a
vent siack are used for optimum recovery of condensate’water vapor from glycol

regenerator/still column of the plants which reduce the some hydrocarbon vapour loss.

Up to August average GOR is very low 0.053 bbl/MMscf. Fluid compoaition of this field
above C; is nearly zero, and below Cs arc not recovered by the glycol plant and
atmospheric storage tank. So, there are msufficient hydrocarbon liquids ia the preduction
from Habigan) Gas Field. Instailation of a high efficiency hquid recovery scheme such as
refrigeration or turbo-expansion plamt with pressurized storage tank may increase the

liquid hydrocarbon recovery.

The existing facilities have no prowvision for handling significant volumes of free water

production. 1f water break through from the reservor, the facility cannot handle this water.

5.3.6 Jalalabad Gas Field

Apparently [IFPEXOL process is tailor made for a wet and sour gas. This process generally
has 2 parts: IFPEX-1 for condensable hydrocarbons and water removal and [FPEX-2 for
acid @as removal and recovery. Both of these critena are missing at Jalalabad. Water
content M the gas is very nepligible. Avernge water content is about 0.2-03 5bl per
MMSCF of gas. The gas does not have any significani amecum 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 belwegen 9 to 16 bbl/MMSCF. But water exiting the
Contactor often contains much more methanol in it than what the TFP assures. The water
contains about 7-9% of methano! in it Average methano! loss per day is more than 10 bbi.
By compare ihe price of methano! amd condensate, the recovery figure 15 nol allractive. So,
should be reducing methanol loss. The process may be economic when bath wet and sour

gases are processed coupled together,

Propane, which is used as a refrigerant to cool the gas, is limited to a closed system Hence

propane loss is negligible other than leaks through the safety relief systems.
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5.3.7 Kailastila Gas Field

The process has higher recovery levels than any other recovery process in Bangladesh
Typically it recavers up to 85% of the ethane, 100% of the propane and 100% of the

butane and heavier hydrocarbons.

Reducing the temperature at which separation occurs still lower using the turbo-expansion
Joule-Themson {J-T) valve expansion process will condense slill greater amounts of
liquids and still lighter hydrocarbon components from the inlet stream. The temperature of
separation has been set 10 approximately -100°F effectively reducing the sales gas contains
a two component methane ethane stream In the sales gas methanc and ethane mole
fraction is 99.48% and cnly a trace of propane. The sales gas gross heating value is 1020
Biw/scf excluding inert, which 15 higher than the S50 Btu/scf frequently specified as a

minimum in a typical sales gas contract.

When the field alone processed by sihca el plant average GOR 10.5 bbl/MMscf but in the
MSTE plant can recover more than double condensate (heavy condensate and NGL)
{GOR > 20 bbi/MMscl). Even significant quantities of light hydrocarbons m the Cy-Cs

range are lost during the flash at 125 psig and weathering in atmospheric storage.

A simple fash calculation was run using HYSTM™, a proprietary process simulation
package by Hyprotech Ltd., to determing the incremental achieved by dehydrating the gas
sa the pas stream could be expanded and chilled to its maximum. The simulation result
shows a recovery of approximately 19 bbYMMCF {IKM Repornt). Compared to the

exIsting process recovery rate is similar.

The plant cannot recover more NGL  EFthane content in NGI, are Aaring due high content
of ethane in NGL can effect the processing of LPG, and fractionation of NGL. For reduce
the content of elhane turbo expander are always not involve in operation, most of the time

use J-T valve winch reduce the recovery of liquid hydrocarbon.

Teke appropnate policy to stop the flering of ethane and proper utilize of turbo expander
for enhance of hguid hydmcarbon recovery in Kailastita field lnstallation of another
MSTE plant in Kailastila is under procurement process for two new development drilling
{KTL-S & 6).
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5.3.3 Meghna Gas Field

The plant was originally installed at Titas field m 1969 and subsequently relocated to Feni
in 1991 and Meghna in1996. The plant was originally installed at Titas field m 1969 and
due to continuous operation singe installation the efficiency of the plant has been
decreased. Presently processing capacity of each plant is limited to 15 MMCFD (design
capacity 20 MMcid)

The gas compesition conteins 98 mole% methane and ethane, with only a small amount of
recoverable Cs. liquids (less than 3 bbl/MMscf). Raw gas of Meghna field was processed
by LTX unit. Upte August 2005, average GOR is 1.54 bbl/MMscf where in g feni field it
was 2.5 bbl/MMscf in the same plant. Compare with tespect ta composition of two field,

performance of the plants are salisfactory.

5.3.9 Narshingdi Gas Field

Historically the Glycol process plant has recovered much more than approximately 2,25
bbl/MMecF liquid hydrocarbon. Gas composilion comtains over 97 mole?s methane and
cthane, with a significant amount of recoverable Cs, liquids {almost 9 bbl/MMsch), The
reservoir fluid contains a larger percentage of Cz. which is conaistent with testing results
in which the condensate-pas ratic was found to be 2.5 bbEMMscE e te continuous
aperation since installation the capacity of the plart has been decreased from 60 io 40
Mtscfd

With respect to the recovery of liquid hydrocarbon the plam is not efficient. The fluid
composations of this field nearly similar to Kailashtila gas field For enbance recovery
installation of a high efficiency hquid recovery scheme such as refhigeration or turbo-
expansion plant with pressurized storage tank may increase the liquid hydrecarbon

TeCOVery.

5.3.10 Rashidpur {as Field

An advanlage of the dry bed (silica pgel} desiccant system is that it can dehydrate the gas of
water and rocover hydrocarbon liquids simultaneously Cycle time must be kept shorl, in
the range of 30 mimutes to keep the hydrocarbons m the bed cotherwise only primary
dehydration will occur. Hydrocarbon recovery 1s imited, (at best) to a small amount of the
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butanes and 75 to 90 percent of the C57. Theoretically, 2 3 and 2.8 bbi/MMcfd condensate
could be recovercd from by the present facilities but practically average GOR of the all
plant is 1 42 bbl/MMscf where for glycol plant GOR is 0.316 bbl/MMscf. With respect to
glycol plant, silica gel is better recovery. A more precise estimate of the hydrate formation
temperature was obtained using the HYSIM computer process simulation package the
mole fraction of the Cs. to 0.0070, whih translates to maxirmmum theoretical total liquid
potential of 5.9 bbi/MMcf.

5.3.11 Saldanadi (zas Field

The water vapor can be condensed in &n aerial cooler and routed to the produccd water
treating system to eliminate any potential atmospheric hydrocarbon emission. But Lhe
waier vapor exiting the top of the still ¢conlains a amall amount of volatile hydrocarbons
and is normally vented to atmosphere. $ natural drafl 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. In
the case of glycol debydration, elevated inlet temperatures mean increased water vapour in
the pas stream_ This higher loading on the glycol system results in reduced liguid recovery
elficiencies. 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 maimtan is dilficull sometimes, n a Surge Tank cum
heat exchanger due to the absent of air-glycol cooler which was installed m Fem glycol
plant installed by Niko, The high temperature of this glycol may damage the glycol
circulation pump

4

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 hydrocarbon., The process has been able to depress the dew points, and
delivery gas maximum water content maximum 1.5 lTos/MMscf much lower than the
required values, but the content of liguid hydrocarbon nearly the specification value 1.8
US pal/MMscf, So, recover of hydrocarbon enhance by operaie the turbe expander by

proper maintenance
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5.3.13 Sylhet Gas Field

Raw gas is processed this oldest silica gel process plant. Stifl now the plant can achicve a
good specification of the dew point and recovery of hquid hydrocarbon last year is 3.62
bhiMMscf where historically it is 3.1 bbl/MM scf {average up to August 2005} It's
indicating the consistency of the ptant after long period of operation. Due to continuous

operation since installation the efficiency of the plant has becn decreased

5,3.14 Tiias Gas Field

Three different gas processing schemes have been implemented among the eleven gas
production streams at Titas Gas Field. Tri-Lthylene Glycol (TEG) Absorption, Low
Temperature Separation without hydrate formation (LTS) and Low Tempcerature
Separation with hydrate formation (LTX}), under the appropriate operaling conditions, are
effective processes for hydrocarbon and water dew point control, with some potertial for
recovery of condensable hydrocarbons. There ability to provide sales pas, which mects
both hydrocarbon, and water dew poinl specifications. Processing capabilities have been
decreased to 45-50 MMscfd due to contimous operation of 15 to 35 years of plants-1,
345678 9and 10,

ata TrTF¥T2T T

Production of condensate varies depending on the process facility. The glycol dehydration
process {TEG) on wells TT-1, TT-3, TT-4, TT-5 and TT-6 has performed consistently
near the average of 1 30 bbl/MMscl The 1LTX process installed at TT-2 has a higher
recovery elficiency producing approximately 19 bbl/MMscf The low temperature
separation process (LTS} on wells TT-7, TT-8, TT-9 and TT-10 has proven only slightly
more cHficient, averaging 139 bbl/MMsci Cleady, at 210 bbl/MMscf, the low
temperature scparation progess &-(LTX) on well TT-2 has demonstrated significantly

higher performance

Based oo the liquid hydrocarbon poiential of the represeniative gas composition for Tites
Gas Field shown in Table 5.4, theorctical liquid recovery in the 2.0 to 2.5 bbl/MMscf
range might be expccted for these gas processmg facilities installed a1 Titas. Histoncally,
the overall ficld average is 1.45 bbUMMscf with individual well liquid recovenes
reported in the range of 1.25 to 2 10 bbl/MMscf.
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The possible reasons for less recovery liquid recovery are as fellows.

i} Stock tank design: 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.

i) Inlet temperatire. A significent difference cxists between the actual gas stream inlet
temperaturcs to the processing plants and the temperature used for desym. High inlet
temperatures pose efficiency problems for both the TEG absorption process and low
lemperature separation. ln the case of glycol dehydration, elevated inlet temperatures
mean increased water vapour in the gas stream, This higher loading on the glycol system
resulis in reduced liquid recovery cfliciencies, The LTS and 1.TX processes are based on
the temperature reduction 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 intet gas streams for wells TT-7, TT-8, TT-9 and TT-10 should afford a better
oppartunity to recover hquids. Therefore, hquid recovery efficiencies are directly

dependent on the inlet temperatures the Jower, the better

i1i} Gas compositionr. The composilion used in the design may differ from the individual

gas streams being produced from the vanous sand groups.

The existing  glycol cireulation pumps on process trains TT-1, TT-3 and TT-4 are
plunger type reciprocating pumps, which were leaking sigmificant amounts of giycol. Both
for salely reasons and operational efficiency of the glycol dehydration  systems, these
should be replaced by more reliable reciprocatimg pumps or by centrifugal pumps,
similar 10 those used on process trains TT-5 through TT-8 Consileration should also be
given to the installation of stand by glycol pumps at Locations | and 3 to facilitate routine

maintenance of this equipment.

Titas Gas Field has a combmed design capacity of 660 MMcfd {Location 1 - 300 MMcid,
Location 3-240 MMcfd, Location 5 - 120 MMcfd) but due to cominuous operation for a
long time, capacity has decreased to 500 MMcfd. The desigm ¢apacity 1s almost 1.5 times
greater than present production rate. To make effective use of this excess Processing

capacity, it is necessary to ddll development wells.
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This field has no provision in the existing facilities for handling significant voiumes of
free water production from TT-12. Handling, processing and disposal of produced water
will require installation of appropnate facilities include tankage, fltration system end

transfer pumps will be required as part of future development.

Table 5.3 summarize the performance of the gas processing plants in Bangladesh It
should be noted here that, afl the plants achieve sales line quality satisfactory. However,

for mest plants the liquid hydrocarbon recovery is not satisfactory.

5.4 A Brief Discussion en Liguid Recovery

in our country, designing of a process plant the primarily concerns meeting the sales line
specification. Not enough emphasis 1s given on Lhe issue of liquid hydrocarbon recovery.
The sas processing plants were intially set up for removing water and higher
hydrocarbons Today, the gas processing plants attach a great importance to HC recovery,

which has a high market vaiue.

With the growth of the worldwide market for natural gas liquids (NGL), additional
processes for higher recovery of the ethare, propane and butane fractions, which make up
NGL, have been developed. These fractions are valuahle for the petrochemical mdusiry

Usually the ethane and heavier fractions are used as gasolinc blending.

In the werld market the price of the liquid fuel is increasing. Bangladesh mostly depends
on impored fuel (liquid fael). If the recevery ol liquid hydrocarbon can be increased, it
will save significant amount of foreign currency. So special attention should be given to
extract liquid hydrocarbons Table 54 shows the comparisons of recoverable and

recovered liquid hydrocarbon in different felds.

TEG, LTS and silica gel process plants cannot recover hydrocarbon below Ca, and the
maximum recovery of C; is 45%. So, installation of a high elficiency liquid recovery
scheme such as refrigeration or turbo-expansion is necessary to recover Cy and C; more
cffectively. The turbo-expander is the most efective process to recover hydrocarhen
fiquids Irom the gas stream. Theoretically, the turbo-expander is eapable ol recovcrng
N of the Cy and nearly 100% of the propanc and butane from the raw gas strcam. This
results in a sale gas, which contams mostly C;, C; {combmed mole fraction 99.28%) and
trace amount of Cs The heating value of this mixture is 1020 Btu/scf, which is higher than



'Table 5.3: Summary of Performance of Different Gas Processing Plants in Bangladesh:
Legend. Satsfactory=5, Not satisfactory= NS

Type of Name of The Performance respect to Overall Remarks
Process Field Capacity Repair and Sales line Hydrocarbon Performance
Plant maintenances | specification recovery
Feni | & 2 S 8 S NS S Oider plants of
Habiganj 1 to 4 NS S S NS S ?abigarllj 1 tg 4 and
O 1tas to cannot
Glyeol Eab;%?njd.ﬁ &6 I\? g g g S}S g handle design capacity.
Absorption or .15 : - Glycol pant dehydrates
Plant Rashidpur 3 S 5 NS S the gas but can not
Saldanadi NS 8 S NS 8 recover HC without
“Titas plants 1 1o 6 NS S 3 NS 5 addition of FIC wnit
Beanibazar ) S ) NS S Older plants of
Bakhrabad 1 to 3 NS § S NS S gﬂlkhgrtabad 1 tolf ad'}d
cannot  handle
Silica uel Bakhrabad 4 8 S 8 NS 8 dzsign capacity,
Adsorption | Fenchuganj Under warrantee period 8 NS This pant is basically
Plant Kailazhtila g 5 o N§ 5 dehydrated the gas and
- recover small pomion
Rashidpur 8 5 S NS S of Cor bt gl
Sylhet NS R § NS S recover light HC.
LTS (With | Titas 7 to 10 N8 S S N8 5 Older plants (7 to 10)
{ with out cannot handle design
lycol - capacit
infegtiﬂn] Titas 11 & 12 8 8 § NS & HS r};mver slightly
Plant higher than glycol plant
LTX Plant | Meghna 1 &2 N S S 8 S Older plants cannot
handle design capacity
MSTE Kailashtila S S S 3 S These three process
Plant equip with enhance HC
IFPEXOIL. | lalatabad 5 8 5 S S TecoOVery unit,
Plant In IFPEXOL.  plant
Glycol with Cannot operate 8 S Condensate S methanol toss is higher
Turbo Sangu full capacity due production data than design value
Expander to existing well 18 not available

cannot deliver
enough gas,

6tl
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the typical sales specification, where minimum heat content is usually 950 Btu/sct
Therefore, by removing Cs and above, the heating value of the sales gas is still mamtained.
The cxtra hydrecarbon ¢an be used for producing Liquefied Petroleum (as {LP(), Molor
Spirit (MS) and Lligh Speed Diesel (HSD) However, using a turbo-expander may not be

feasible m small fietds

Average percertape of ethane {C1.) is more than 2.7 % in the sales line. So, from daily
production of 1405 MMscl' NG, 30 MMscf of Cy will be recovered {considering 80%

recoverable Co- ) which is important raw matenal of petrochemical indusines

Ethane and higher hydrocarbon can be oxtracted from the national gnd by tapping into and
mstalling turbo-expander at suitable locanons, The extracted hydrocarbon can then be
used for various industrial products such as LPG, Polyethylene ctc. This should ensure the
maximum utilization of our natural gas, as well as save foreign currency. However, a

proper economics analysis is necessary to see whether such measures would be wiable.



Table 8.4: Comparison of Recovernble and Recovered Liguid Hydrocarbon in DilTerents Fields.

Mole |Recoverable| Average recovered| Mole [Recoverable| Avernge recovered| Mole | Recoverable | Average recovered
Elements fraction| liquid  |liquid hydrocarbon|fraction| liquid | liquid hydrocarbon|fraction]  liquid | liquid hydrocarbon
hydrocabon (bbl/mmscf) hydrocabon (bblimmsch) hydrocabon {bbYmmscf)
. {bblfmmsct) {bbl/mmscf) {bbl/mmscf)
i Freddiiivo [Eing, Mt Bakhrabad: i i [EGHe i a0 1 Beapibazar i tinlii {PnPaaBUESHEE Féncbugan] sty
C,. Equivalent| 0.0180 | 13.9826 | Ghool ptam :0.316 | 0.0279 [  20.52 00084 5.27
C.. Equivalent| 0.0086 7.8293 (Upwo 1985) 0.0169 13.33 16.9% 0.0021 1.15 0.40
C,. Equivalent| 0.0046 | 4.755) 5"‘*‘?‘9"’““4-" 0007 1.86 0.0006] 066
i Field o vty Fent BEREAIE NG Bl Habigan i, Sk | BEmisiaat £ Jalababad fib Gt
Cy. Equivalem| 0.0087 |  6.00 '-T‘< HIUW 0.0045| 12518 0.0233] 21.43
- 19983, LTX & Silica .
Ce. Equivalent} 0.0022 1,75 geb: 2,16 (1995-1998) 0.0018 1.4884 0.053 0.0177 17.77 11.05
Cy. Equivalent] 0.0020 0.22 & Ghvood plara 1,47 | 0.0008 |  0.5652 0.0128 14,00
Rz Fiedd i st il KailnahtHa BEEE s Unnn batin s e s CHE M éghinalin it Ptz Bt Norshigdi SGaEbEE
C,. Equivatent| 0.0140 | 1081 [Silkagel 105, 00112] 386026 0.0178| 15.3366
C.. Equivalens| 00055 | 466 |'ore o o [00052] 46794 1,54 0.0118| 11.4134 2,25
C,. Equivalent| 0.0014 153 |iz27 0.0027| 2.7621 0.0083| 87358
it Fleld bt | e, siEREng Rashidpuriin LEBEnnt i [ i Saldanad it S h, gt s e inty Sangueiiisiignans
(€. Equivalent] 0.0072 | 579 Joiyoot pam: 0.016 | 0.0069 4.94 0,0128] 11.82 Condensare

Cu. Equivalent} 0.0048 422  [Gheol & Silicaget 00024  0.24 0.84 0.0067 7.833  |production data not
C,. Equivalent] 00017 | 1,86 jpiant:142 0.0017]  0.55 0.0041] 449 aveilable
i Pl i | Bttt o Sy e MRER b [ttt i Titasst e HEERIEE, 2 HiEEhTUHEE MouloviBRELF i FoiiEER
C;. Equivalent| 0.0037 12,35 0.0086] 70146
C,. Equivalent| 0,0032 13.02 3.10 0.0051] 4.7261 * 145 Data not available
C,. Equivalent| 0,0017 1.86 0.0013 33498

[kl

A Sk -p— =
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

Tn this study, the processing methods of the dilferent 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 hne specification arc

scrutinized. Tn addition, comparative studies among these process plants as well as the

appropriateness of selection of these process plants are investigated The following

conchlusions are made from this study:

o

Due to the composition of natural gas found i Bangladesh, the role of the process
plants is mostly removing water and heavy hydrocarbon The nced for treating for
CO;, H;8 ctc are tmmmal,

All the plamts are designed mainly to mect sales line specification, Liquid
hydrocarbon recovery does not seem to be a prionty in the design ol Lhese plants.
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,

The older processing plants {installed before 1986) cannot handle the name plate
eas flow rates,

The separation of liquefiable hydrocarbon in the older plants is not satisfactory.
Avzilable processing capacity is not being fully utilized m most of the gas field.
Scveral felds have no provision in the existing facilities for handling significant
volumes of free water production

The common problem in most of the plants n different gas fields is the lack of
vapour recovery systems on condensale production and stock tanks.

Around twenty-five process plants are not eguipped with inlet pas scrubber/ Rlter
separater

Around twenty fields are not equipped with sales line scrubber/ filter separator.

(ias composition used in the design dilfers from "averaged” compositions from all
gas sands produced to the plat. The depletion of reserve changed the pas

composation, which affects the plamt performance.
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o 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 Theexisting glycol circulation pumps on process trains of well 1, 3 and 4 of
Titas field are plunger type reciprocating pumps which were leaking sigmibicant
amounts of glycol

o DBeani Bazar has a slightly mgher mole fraction of heavier components than does
Kailashtila. The existing facilities of Beam Barar cannot recover sufficient
hydrocarbon with respect to Kailastila

o The loss of Methanol problem in IFPEXOL process is found at the Jatalabad ficld

o Around tharty five process plants (except turbo cxpander and IFPEXOL plants) can
not recover hydrocarbon below C; Theoretically, TEG, LTS and silica pel process
plants cannot recover below Cy {recovery of Cq max. 45%). In the held processing,
most of the Hght portions of iquid hydrocarbon flows through sales hne. Other

portion may be flared or emitted.

Each of thc processes studied in this project has ments and dements considering
technology, operation, maintenance, investment eic. Piants may be justified simply for the
recovery of certain hydrocarbon components, even il those components are only a very
small parl of the pas stream. Today, the gas processing plants attach a greai importance to
HC rccovery and its processing into desired fractions tor maximizmg revenue, These
fractions are valuable for the petrochemical industry raw stocks. Usually ethane and
heavier fracticns are removed and used as gasoline blending. Following recommendations

are made based on this study:

o Large storage tanks for condensate product should be upgraded to incorporatc
vapour recovery systems However, introducing a vapour recovery system in a low
caqacily lank may not be feasible.

o Special attention should be given te extract light hydrocarbens when setting up
new process planis.

o Inlet and salcs scrubbers should be mstalled in the helds where these were not
mstalled

o Plunger-type glycol ¢irculation pumps should be replaced by more reliable

reciprocating or centrifigal pumps.
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Where wellhead temperature 15 high, fin-fan coolers should be installed at the
upstream of the process inlet. This would pre-cool the inlet gas strcams and
improve ligud recovery.

in scveral fields where produced water needs to be handled, appropriate facilitics
should be installed. These include tanks, filtration systems and pumps efc.
installation of these facilities should be incorporated 1n all future plans,

Proper sieps need to be taken to unfize the flanng ethane and to reduce the loss of
methanoi at Kailashtila and Jalalabad fields respectively,

The gas volume Lhroughput of transmission fing is usually large, so the actual
gallons of liquid propane or ethane recovered can be substantial. Ethane and higher
hydrocarbon ¢an be extracted from the national gnd by tapping mto and installing
turbo-expander at switable locations. The extracted hydrocarbon can then be used
for various industrial products such as LPG, Polyethylens ete. This should ensure
the maximum utilization of our natural gas, as well as save foreign currency.
Howcver, a proper economics analysis is necessary 1o see whether such measures

would be viable.
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Table A-1: Sales Gas Specification.

Senal No. |Parameters Allowabie limit

I Fiowing Gas Pressure 900-1 000 psig

2 Fiowing Gas Temperature <120 °F

3 Odor No odor is allowed
4 Solid Ne sahid allowed

5 Water < 7 IbiMMscf

& Liguefiable Hydrocarbon < 2 U8 gallons/MMscf
7 Total sulfur <200 grains/ 100 scf
8 H.S < 1 grain/ 100 scf

9 Carbon dioxide < 2% viv

10 Oxygen <1 Yaviv

11 Nitrogen < 3% viv

12 Heating value (Net) >G00Btwscf




Tabte A-2 : Chemical Compeosition of Gas from Different Gas Fields,

SI | Nameof field | Methane| Ethane ; Propane | Tso n Higher HC | Nitrogen | Carbon | Calorific Sp
No. (%) {52) {%) | Butane | Butene | Composition {%0}) Dioxide | value Gravity
(%a) Yo} (%) {%6} Bross
BTU/CFT
1 |Bakhrabad 04,2 3.65 072 0.2 0.1 .24 0,42 047 1057.73 | 0.397
2 |Begumganj 9546 | 319 0 64 0.17 0.04 - - 0.3 104561 | 0.5833
3 |Balabo 9479 | 249 0.6 02 0.15 013 {34 0.6 - 0.607
4 |Feni2 05.71 3.29 0.65 0.15 0.05 - - 0.15 104984 | 05782
5 |Habiganj 67.63 | 131 0.27 .08 0 04 0.06 (.38 0.07 1023 .91 0.57
6 |Kamta 89536 | 357 0.47 {09 - - - 0.51 104313 | 0.5743
7 |Meghna 9515 | 2.83 06 0.16 (.05 0.07 0.37 (.53 - 0.0591
8 |Titas 97.33 1.72 0.35 008 (.05 0.06 0.3 0.11 1031.55 | 0.572
9  |Shahbazpur 9368 | 394 0.71 (.2 0.07 0.04 U 46 0.9 104621 0.58
10 |Saldanadi 96,32 | 2.16 (.45 0,12 0.07 (.05 (0,27 0.56 1032.6 0.57
11 |Beanibazar 93.68 | 3.43 1.1 0.29 1.23 017 0.95 012 1061.95 1.6
12 (Chattak 97 9 1.8 0.2 - - - - - 1005 71 0.548
13 |Fenchuganj 893,66 25 (.63 0,11 0 04 - - 0.06 1043.33 | 0.574
14 [Sylhet 4 96.63 2 0.05 0.14 0.01 017 (.66 Q.34 1050 68 | 0.546
15 [Kailastila 3 9557 | 2.7 (.94 021 0.2 0.14 024 - 1056 0 586
16 |Rashidpur oR 1.21 024 - - 0.17 0.02 0 05 1012 0.569
17 |Jalalabad 9503 | 245 0.56 0.35 0.14 - 012 0.07 - 0.648
I8 |Kutubdia 95,72 | 2.87 0.67 031 0,36 0.07 1041.68 | 0,586
19 [Sangu 04,51 | 317 0,61 (.19 0.07 041 0 44 0.6 1058 .59
20 1Semutang 56,594 L7 0.14 - 0.01 - (.86 0.35 - -

grl



Table A-3 ; Molecular and Isotopic Composition of Natural Gases.
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Molecular Composition Isotopic Compasition

Weil NamefTesl Depth (m)— G [ G| G [ 0C, [CO: | s | Pc, | P, | Pcs
Atgram DST-4 4004 5787 | 211 | 001 o 403 | 254 | 306
Atgram DST-5 3999 gome | 279 (| OG8F | O3 ¥ 398 | 291 | 275
Atgram PT-6 2624 8537 Z& 08B 013 | 092 -40 -282 | 276
Bakhrabad-| 267 od27 | 454 |o75| 021 | o1t | 0469 035 | -430 | 286 | -X
Beani Bazar DST-24A 3451 gavz | 347 | 119| o020 | 023 409 | 288 | 266
Beani Bazar DST-3 JE 8059 | 42 | 164 | 042 051 2419 | 282 | 267
Beani Bazar-1 XDST-44] 3230 ordy | 459 | 142 038 | 03 o1 o028 | M8 | 293 | 266
Begumganj-1 2296 odpe | 36 |074| o018 | 006 | 01 | 028 | 543 | 307 | -294
Begumganj-2 3478 9518 | 37 075 02 | 00 543 | 211 | -284
Bibiyana-1 2656 GEss | 235 |0f3| 022 | 018 | O0R | D43 | 405 | -262 | 266
Bibiyana-I 860 oiod | 243 (074} 02 o17 jo12 | o3 | 404 | 291 | 267
Bibiyana-1 308 o55 | 244 |06 | o2z | o1& | o413 o32 | 404 | -2g1 | 267
Bibiyana-1 3065 o4 | 242 |o7s| o2z | o1 | 013 | 035 | 404 20 | 267
Bibiyana-1 3262 o645 | 245 |ove| 022 | 018 |om o3 ] 404 | 201§ 254
Bibiyana-| 3318 w43 | 246 |ov7| o2z | oy | 02 | 033 | 404 ) 2991 | 265
Bibiyana-i 3441 o524 | 243 |oTa]| 021 | 047 | o2z | 058 | -403 | 2941 | 265
Bomguna i 9168 | 151 2 P!

Chhatak-1 1082 8772 [ 024 0.04 2 452 | 417
Fenchuganj-? 2578 G567 | 2533 | DOSE | 015 | 011 | QOS | O

Fenchuganj-2 3259 g7e4 | 177 [ 032} 006 | ot

Feni-4 1757 o543 | 28 joss| 013 | 003 437

Feni-1 279z a5 7 22 |oes| o015 | OJB | 015 437

Coumadi 0 o514 455
{Habigani-1 1450 oras4 | 145 | 0.0 o0 | 069 | 445 | 381
Habiganj-1 3017 57 6 131 |oz2r| oo | aoa | oo7 | 057 | 437

Habiganj-4 1361 S851 | 143

Inani 0 oe 0z 1.98

Jaldi 0 96.5 a5

Jhinaidah o 55 08 4.91

Kailas Tila 2325 o545 | 254 [ o081} o098 | 017 o2t

Kailas Tila 3024 o5 97 27 |og4| o= oz | 024

Kaligan (lessore} 1] o572 .48

Kamta 2290 g4e5 | 357 | 047 | DoOF D42 | OB1 { 454

Kamta 365 #6838 | 142 | o1a | 004

Kutubdia 2660 g6572 | 287 | 087 oo7 | o7

Lakhsam 3] 581 114

Manikgzn v 9313 0.87

Mulad 4450 aoB2 | 489 | 12 a1 288

Nilakhali 4] w2 | 007 072

MNoakhali Chara ¥ 9723 | 241 [ 241 | Q02 033

Pabna i] 924 TE

Patharia i) W06 235 | 106 | Cd44 03z | 523

FPatharia-1 875 o439 | 328 [ 133 | 053 | 042 | DOS 2424 | 372 | 247
Pativa 3] Bave | 0.05 D19

Puozpur 0 57,09 2

Rankiongkhal seep o 100 -54.%

Cngin of Petroleum in Bangladesh




Table A :

Summary of Bangbadesh Gas Reserves Estimation - 2003

Figures in Bef
Slno. [Fietd Operator Estimatedby | Year | GIIF Proved | Recoverable | Recovery | Cumulative Remaining Additional | Possible
+ Probable {1000 ps1 ) Facor Pmduction | Reserves Asal Recovery R,
Y upto June June 2003 Using
2003 Compressar
(SN0 psi)
Producing
1 |Bakhrabad BGFCL HCU 2003 I498 1048 70 438 410
2  |Peam Bazar S5GFL TEM 1429 243 170 TH 18 152
2  |Habgan BGFCL HCU 2001 5139 3852 73 1027 1825
4 |Jalalabad UNOCAL  |Oxy 2000 1195 37 ELH 134 704
5 |KmlasTila S0FL HCU 2001 2720 1404 70 3nd Ee00 245 o0a
6 |Meghina BGFCL HCL 2003 170 113 70 32 87
7 |Narshingdi BGFCL HCU 23 333 235 70 44 ]
& |Rashidpur SGFL HCU 2001 2002 k401 Tib 283 1117 206 00
Y Saldanadi BAPEX Bapex 2002 lana 16 T 30 26
10 |Sangu SHELL &hell 1997 1031 43 82 221 62T
11 |Sylhet SGFL FPL 1v71 G4 474 70 171 o8 al
12 |Feni BGFCL Bapes - Niko 2000 236 163 0 40 123 72
13 [Tas BGFCL HCU 2003 7300 5110 70 2108 3002 730 1680
Production Suspended
14  |Chattak {Wes1) SGFL Bupex - Niko 2000 677 474 rll 27 447 aR 154
15 |Kamita BGFCL HCU 2000 72 50 T0 21 29
Non-producing
16 |Bagumganj BAFEX Petrobagla 1984 46 32 70 76
17 |Bibiyana UNCCAL  |Oxy f Unocal 2000 3145 2377 76 3080
15 |Fenchogan) SGFL Petrobagls 1985 44 283 70 40
19 (Kpbdia SHELL Shell 200 05 . 1 FLY
20 |Moulavi Baza INOCAL  (Unocal 2003 449 360 a0
21 [Semulatg SHELL Shell 200 227 150 (T
22 |Shahbaspur BAPEX Bapex-Unocal 1994 664 463 70 &6 a70
Total in Bcf 28466 20520 S0Y% (5422 144 T4
Total in Tef 235 205 Al 154 1.4 T4

051



Tahte A-5: Sector wise annual gas sales,

1531

GAs VOLIRE ™ BILION COBIC FEET {Huf)

M5 Reewl Polrobongla

Year |Power| Fertilizer {Industry| Domestic | Commercial | Others | Total Total
Sales | Production

1980-81 | 13 M3 17 90 810 340 130 0 | 44060 4995

ToRT %2 | 1800 26 6l 210 4 1) 1.70 000 | 5960 | 64,83
19%2-83 { 22.00 25,40 980 5 ) .90 o0 | 8470 72.16
19%3-84 | 2290 2940 10 40 580 210 G | 700 53240
1984-85 | 3830 27.20 1260 .30 220 06 | %660 54,59
1985-86 | 3980 3370 16 40 680 2.1 000 | 9940 106 66
1986-87 | 51 B0 34 0} 1870 .80 T 40 000 | L1560 12532
128788 [ 62 10 5100 16770 7.60 160 Doo | 141,00 147,50

CI5R&-%Q | 6550 | 5340 1500 930 320 000 | 146 40 13593
[5R9-3 [ 75 & 5590 14 30 10.20 340 000 [159.10 167 83
199091 | 82 60 5420 13 20 10 50 2.490) 070 | 164,14 I 172 %4
1991-92 ¢ 85,10 al 6l 13.40 1180 290 0. | 17850 188 4%
199293 | 9330 6920 15 20 13.50 2,40 090 §194.30 21603
199394 | @730 T4 50 0 26 1540 287 180 21213 22376
1994-95 | 107,40 B350 24.24 1K.85 288 17 | 23538 247 3%
1995-90 | 110490 0093 27.31 anT 3.0 171 {25461 265.5]
1Otha-0F | 1198 82 YT E3 2862 2284 4,49 119 (24379 264,09
1997-93 | 123.55 RO.07 32-32 24 B9 4,61 P13 | 26657 28207
TOO8-00 | 140,52 #2771 3379 2702 471 096 | 29211 30748
199900 | 14762 2331 41.52 956 3RS 0,99 (30688 33235
2000-01 | 173,27 HE 43 4799 31 HS 4.06 LW | 348.75 | 37216
2001-02 1 THLD3 TR 75 23,56 374 425 1.1 | 36da62 | J91.53
2002-03 [ 190,54 [ 9589 63.75 44 80 4.56 126 | 40081 421 16
2003-04 123133 92.80 45 37 4925 4,79 787 |451.42 452 50
0N4.05 [248 80| 4399 5168 52.40 4 85 542 | 484 31 486,76
2HIE-06 ] 1920 1251 9.dd 914 0oz 097 8597 B6 97

{aple
L Augusty
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Figure B-3 : Process Flow Diagram of Glycol Dehydration Plant at Feni Gas Field.
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