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ABSTRACT

(Gas Transmission Company Limited {(GTCL) was incorporated in 1993 in the unbundling
process of gas sector restructuring for owning, operating and maintaining the high pressure
gas transmission pipelines forming a part of the national gas grid. Around 70% of total
produced gas is transmitted by GTCL pipelines. In order to ensure smooth end efficient
pipeline operation, it was decided to incarporate a Supervisory Control And Data Acquisition
(SCADA) system by GTCL. It was duly installed and commissioned in 2004,

The main objective of Lhis study is to find out the real impacts of the SCADA system, This is
done by carefully studying and itemizing the tangible and intangible benefits directly arising
out of the SCADA system. Shoricomings are also identified which need to be removed in
order to get maximum benefils from the SCADA system. Financial analysis is performed
from ﬁn perspectives such as-gas sector perspective and nationel perspective to justify the
implemenlation of the system. The financial parameters of gas seclor perspective reveal that
the project is not financially viable while it is viable for national perspective.
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CHAPTER 1: INTRODUCTION
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Natural gas is considered as a very clean source of energy alf around mé‘ﬁéﬁa,—m- g0 after
the il ¢risis in nineteen seventies and increasing environmental awareness abeut buming coal
(MNational Commitiee Report, 2002), Natural gas was first discovered in Bangladesh in 1955 at
Haripur (Sylhet Gas Field). Chhatak gas field was discovered in 19539. So far 22 gas fields and
one small oil field have been discovered {(Saleque, 2001). Gas sector of Bangladesh is
primarily controlled by the energy division of the Ministry of Energy and Mineral Resources
{(MOEMR) of the governmert through a state owned corporation, Bangladesh Oil, Gas and
Mineral Corporation (BOGMC) popularly known as Petrobangla. Petrobangla acts as the
ho!ding company for all the other companies in the sector. As of now, the government owned
comparies operating in the sector include petrobangla as holding company; Gas Transmission
Company Limited (GTCL), which is the sole gas lransmission company;, Bengladesh
Petroleum Exploration and Production Company limited (BAPEX), the sole drilling,
exploration and produclion company. There are four gas distribution end marketing
companies which are Titas Gas Transmission and Distribution Company Limited (TGTDCL),
Bakhrabad Gas System Limited (BGSL); Jalalabad Gas Transmission and Distribution
Systern limited (JGTDSL) and Pachimanchal Gas Company Limited (FGCL). There are two
gas production companies which are Sylhet Gas Fields Company Limited (SGFL) and
Bangladesh Gas Figlds Company Limited (BGFCL). The Government has also promoted
companies for alternate use of gas; this is Rupantarita Prakrilik Gas Company Limited
(RPGCL), which deals with compressed natural gas (CNG) .and conversion of natural gas
liquids te other usable hydrocarbons. Gas is also produced hy 4(four) I0C’s {Chevron, Caim
Energy, Niko Resources and Tullow BD Ltd.) under Production Sharing Contracts (PSC).
There are also two other companies of Petrobangla working with coal and hard rock, one is
Boropukuria Coal Mining Company Limited (BCMCL) and other one is Modhyapara Hard
Rock Company Limiled (MHRCL).

Gas Transmission Company Ltd. (GTCL) has been incorporated s a limited company under
lhe Company Act in December 1993 with the enlrusted responsibility lo own, construcl,
operate and maintain all high pressure natural gas transmission pipelines which operate at a

1 &
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pressure zbove 900 psig. As per Government decision, Ashuganj — Elenga Pipeline from Titas
Gas Transmission and Distribulion Company Ltd (TGTDCL) and Bakhrabd-Demra,
Bakhrabad- Chittagong gas transmission pipelines from Bakhrabad Gas System Ltd (BGSL})
are handed over to GTCL. Eventually all ransmission pipelines will be handed over to GTCL.
GTCL is also given overafl operational control and load despalch responsibility of the national
gas grid imespective of ownership of the pipelines. Among the exisling gas transmission
pipeline networks of the high pressure trunk gas pipeline, about 833 kon pipeline are owned,
operaled and maintained by GTCL. About 1200 MMSCFD of the total daily produced 1670
MMSCFD gas is transmitted by GTCL pipeline, which is around 72% of lotal produced gas
(Monthly Report, GTCL, 2007).

Supervisory Conirol and Datm Acquisition {(SCADA) system was jntroduced in GTCL in
2004, With this system ges flow, inlake and off-take points pressure, valve status
(open/close), flow rate and pressure of condensate and quality of gas can be monitored. In this
study the existing SCADA system of GTCL is evaluated.

1.1 Objective

The main objectives of this study are:

] Evaluate the benefits and shorlcomings of the concerned SCADA system.
-] Financial analysis of lhe SCADA system.

1.2  Methodology

Following methodology is followed for this study:

1. Collecting information by using semi-structured/open/telephonic interview with
related departmental officials and personnel,

2. Reviewing secondary informalion sources/related literature about SCADA system.

3. Collecting informalion by primary sources / personal visits (observations) of SCADA
sites/areas, )

4, Financial analysis of the SCADA system, based on financial parameters such as
Benefit Cost Ratio (BCR), Net Present Value (NPV), Inlernal Rate of Retumn (IRR),
Pay Back Period (PBP) etc.



CHAPTER 2: PRESENT STATUS OF GAS SECTOR

This chapter describes present status of reserve, production, transmission and consumption of
gas in the country, The amount of gas and condensate transmitted by GTCL pipelines are

mentioned here, Present gas menagement flow system is also discussed here.

2.1 Reserve Scenario

Twenty three gas fields and one oil field have so far been discovered in Bangladesh, nineteen
gas fields have so far been developed, seventeen are currently under production. A number of
studies were conducted by various agencies/organization in the past Some of the studies were
for limited number of fields, while the nihers were for counirywide assessmenL The national
pas reserve commitiee estimated Lthe gas reserve (proved + probable) between 12.04 and 15.55
TCF (Nationa] Committee Report, 2002). From a petrobangla report it is shown that Gas
Initially In Place (GIOP) of the discovered gas felds was 20.96 TCF of which 15.19 TCF is
the net recoverable proven reserve. Upto December, 2006 around 6.79 TCF has been
consumed and the remaining met recoverable reserve (proven) is 8.40 TCF (Petrobangla
report, January 2007). The updated gas scenario reserve is shown in Appendix-A, Table-Al.

14 Production Scenario

At present gas is produced from siate enterprises ie. companies of petrobangla and
international oil companies {(IOC). Under Pelrobangla three state owned company such as
Bangladesh Gas Field Company Ltd. (BGFCL), Sylhet Gas Field Company Ltd. (5GFL) and
Bangladesh Exploration and Production Compeny Ltd. (BAPEX) are producing gas from
different ficlds, BGFCL is producing gas from Titas, Hobiganj, Bakhrabad, Narsingdi and
Megna Gas Field. SGFL is producing gas from Kailashtilla (MSTE), Kailashiiila (Silica},
Beanibazar, Rashidpur and Horipur Gas Field. BAPEX is producing gas from Salda and
Fenchuganj gas field. Four I0C’s such as Chevron, Caim Energy, Tullow BD. Ltd. and Niko
Resources are producing gas wnder Production Sharing Contracts (PSC) from different gas
fietd. The largest IOC Chevron is producing gas from Jalalabad, Moulobibazar and Bibyana
gas fields. Caim Energy is producing gas from the only offshore gas field, Sangu Tullow BD
Ltd. is producing gas from Bangora gas field and Niko Resources is producing gas from Feni
gas field. Around 1680 MMSCFD gas is preducing from 76 gas well of 18 gas fields. The



present production capacity of 18 gas fields is aronnd 1806 MMSCFD. Of the total production
of about 1680 MMSCFD about 60% is from the fields owned by the petrobangla and the
remaining production comes from the International Oil Companies (IOC’s) under Production
Sharing Cormtracts (PSC). The present gas production from different gas fields is shown in
table-2.1.

Table-2.1: Present Gas Production

i

2

3

4

5 Titas 15 435 425
Sub-total 3 778 762
SGFL

| Beanibazar 2 I8 18
2 Horipur 2 106 9
3 Kailashtilla(MSTE) | 4 74 74
4 Kailashtiila(Silica) |1 21 23
5 Rashidpur G 68 68
Sub-total — (15 191 192
BAPEX

1 Fenchuganj 2 45 39
2 Salda 13 12
Sub-total 4 58 51
Chevron

1 Bibyana 7 250 232
2 Moulovibazar 4 112 106
3 Jalalabad 230 160




Table-2.1: Present Gas Production (Comd.)

Sub-total 15 592 498
(Caimm Energy

1 Sangu 16 113 105
Niko Resources

1 Feni 3 14 12
Tullow BD Litd

1 Bangora 2 60 60
Total 76 1806 1680

Source: Daily Gas Report, GTCL, 197 March, 2007

From the above table it is found that the sub-total productien of BGFCL, SGFL, BAPEX,
Chevron, Caim Energy, Nike Resources and Tullow BD Lid. is 762 MMSCFD, 192

Tulow BD. Ltd
4%

Miko Resources
1%

Caim Energy_

BAPEX  soFL
I% 1%

Figure 2.1: Company wise Preduction



MMSCFD, 51 MMSCFD, 498 MMSCFD, 105 MMSCD, 12 MMSCFD and 60 MMSCFD

respeclively. The company wise share of production is given in figure 2.1.

From the above figure it is found that most of the production (45%) comes from BGFCL, less
than one third (30%) production is from the Chewvron, 14% of production comes from Lhe
other two siate owned company SGFL (11%) & BAPEX (3%). The rest (11%) of the
production comes from the three I0C’s i.e. Caim Energy (6%), Niko resources (1%) and
Tullow BD. Ltd. (4%).

Three state owned company such as BGFCL, SGFL and BAPEX are producing 1005
MMSCFD, There share are given in figure-2.2.

BAPEX
SGFL 5%

Figure 2.2: State Company wise Production

The above figure shows Lhat more than three fourth (76%) comes from BGFCL. The rest
(24%) is from the SGFL (19%) & BAPEX (5%).



Four I0C’s such as Chevion, Ceimn Energy, Tullow BD. Lid. and Niko Resources are
engaged for producing gas. Their shares are given in figure 2.3.

Tullpw BD. Lid
8% |
Niko Resources
2%

Cairm Energy
16%

Chevron
73%

Figure 2.3; IOC wise Production

The above figure reveals that most of the produclion {73%) comes from Chevron. The rest
(27%4) is from the Caim Energy (16%), Tullow BD. Ltd.(9%) and Niko Resources (2%).

23  Consumption Scenario

Gias seclor contributes to significant revenue eaming for Lhe national ¢xchequer. Natural gas is

the main natural commodity that ensures regular revenue eaming for the government till now,

The hulk of the gas is consurned in the generation of power and in the production of fertilizer,
the remainder being used by various small industries, commercial and domestic customers,
Currently 4(four) companies of Petrobangla are enirusted with the responsibility of
distribution and marketing of natural gas on the regional basis. These are:



Titas Gas Transmission and Distribution Compeny Limited (TGTDCL): Tiias Gas
Franchise Area (TFA) covers greater Dhaka, grater Mymenshing, Brahmon Baria.
Bakhrabad Gas Systems Limiled (BGSL): Bakhrabad Franchise Area (BFA) covers
Chittagong Division excluding Brahmon Baria.

Jalalabad Gas Transmission and Distribution System Limited (JGTDSL): Jalalabad
Franchise Area (JFA) covers greafer sylhet.

Pachimanchal Gas Company Limited (PGCL): Pachimanchal Franchise Area (PFA)
covers Rajshahi division.

The area wise consumption of Lhe various category of consumers are provided in table 2.2

Table 2.2;: Consumption of Gas

A. Titas Franchise Area (TFA}

1) Power sector

i Alpha Power (10 MW) 2 1.5

2 AM Energy Ltd.(10 MW) 2 0.17

3 Ashuganj Power Station (728 MW) 180 105

4 CDC Horipur Power Station (360 MW) | 55 51

5 CDC Meghnaghat Power Station (450 | 90 69
MW)

6 City Sugar Power (1MW) 7 7 |27~ T 1087

7 (horashal Powet Station (950 MW) 241 153

8 Horipur Power Station (160 MW) 30 0

9 Meghna Eaergy (10 MW) 2 0.8

10 NEPC (110 MW) 28 16

i Partex Power (20 MW) — % 0

12 Rahim Energy (30 MW) 7 7

13 RER{Madsbdy/Ashulia-37/10 MW} 11

14 RECL(180 MW) 48 23




Table 2.2: Consumption of Gas (Contd.)

15 Shah Cement Power (10 MW) 2.5 1.8

16 Siddirganj 50 MW Power Station 14 7

17 Siddirganj 210 MW Power Station 52 37

18 Tongi Power Station {110 MW) 20 22

19 Unic Power (40 MW) 7 5

Sub-total 797.5 508.74

ii) Fertilizer Sector

1 Ghorashal Urea Fertilizer Factory 45 44
(GUFF)

2 Jamuna Fertilizer Company Limited 50 46
{(JECL)
Palash Urea Fertilizer Factory (PUFF) 18~ - 14

4 Zia Fertilizer & Chemical Complex Ltd | 50 49
(ZFCL)

Sub-total 163 153

iii) Other Sector

1. Others(Industrial, Commercial & 600 565
Domestic)

TFA Total 1560.5 1226.74

B. Bakhrabad Froanchise Area (BFA) -

i) Power Sector

1. Rauzan Power station (420 MW) 90 72

2. Shika!baha Power Station 20 11

Sub-total 110 83

il) Fertilizer Sector

1 Chittagong Urea Fertilizer Limited 50 49
(CUFL)

2 Kamafully Fertilizer Company Limited | 65 63

(KAFCO)




Table 2.2: Consumplion of Gas {Conld.)

Sub-total 115 112

iii) Other Sectors

1 Others {Industrial, Commercial & 120 118.125
Domeslic)

BFA Total 345 313.125

C. Jalalabad Franchise Area (JFA}

1y Power Sector

1 Fenchuganj Power station (%0 MW) 18 17.6

2 Kumargaon Power station (20 MW) 7 6.8

3 Shahjibazar Power Station (30 MW) 14 5.7

Sub-total 39 30.1

ii) Fertilizer Sector

1 Natural (ias Fertilizer Factory (NGFF) | 18 16.78

iii) Other Sector

13 Others (Industrial, Commercial & 38 20.16
Domeslic)

JFA Total 95 67.04

D. Parchimanchal Franchise Area (PFA)

i) Power Sector

1 - | PDB Bagabari Power Station (100+71) | 30 26.9
MW

2 Westmont Power station (50 MW) 23 23.6

Sub-total 70 50.5

il Other Sector

1 Others ( Industrial, Commercial & 5 5
Domestic)

PFA Total 78 55.5

Source: Daily Gas Report, GTCL, 19th March, 2007
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2.3.1 Daily Cousumption by the Markéiing Compeanies

Frum the tble 2.2, the total consumption by TGTDCL, BGSL, JGTDSL and PGCL is
1226.74 MMSCFD, 313.125 MMSCFD, 67.04 MMSCFD and 55.5 MMSCFD respectively.
Marketing company wise daily consumption of gas is given in figure 2.4.

T4%

Figure 2.4: Marketing Company wise Daily Censumption of Gas

The above figure reveals that maximum gas around three fourth{74%) of tolal consumption is
consumed by TGTDSL and near about one {ifth (19%4) of total consumption is consumed by
BGSL.A small amount 4% & 3% of total consumption ere consumed by JGTDSL & PGCL

respectively.
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2.32 Dally Gas Consumption bry Different Seciors

From the lable 2.2, consumption of gas by power, ferlilizer & others is 672.35 MMSCEFD,
281.78 & 708.285 MMSCFD respectively. Sector wise daily consumption of gas is given in

fipure 2.5.

Fertilizer
1%

Figure 2.5; Sector wisc Daily Consumption of Gas
The above chart shows that 43% of tolal consumption is consumed by other sectors. Other

sectors inciude industrial, commercial & domestic. The significant amount of gas {40%) is
consumed by power sector and Lhe rest 17% is consumed by fertilizer sector.
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24 Transmlssion Scenario

The gas lransmission pipelines in Bangladesh have been planned and consirucled at different
stages primarily largeting a parlicular bulk consumer ot potential load centre. In the early
stage of development of gas sector the grid concept was posaibly not visualized. However,
depending on specific requirement over the years, a national ges grid line has been developed
and linked to lateral and distribution networks for serving various consumers. Gas
transmission Company Limited {(GTCL) was incorporated in 1993 in the unbundling process
of gas seclor restructuring for owning, operating and mainlaining the high pressure gas
transmission pipelines forming part of the national ges grid. Other companies are also
handling some high pressure pipe lines. The ownership of all such existing pipelines is to be
handed over .o GTCL in phases. However, the following companies are also operaling seme

of the transmission pipelines in their respeclive franchise areas:

a.  Tilas Gas Transmission and Distribution company Limiled {TGTBCL})
b. Bakhrabad Gas Systems Limited (BGSL)
c. Jalalabad Gas Transmission and Distribution Syslemns Limited (JGTDSL)

The transmission and distribution system is cumrently analyzed by utilizing field pressures
except Bakhrabad gas field. Recently a compressor station is installed at Bakhrabed Gas Field
10 boost up line pressure which subsequently increases the production of field. Before
installation of the compressar, around 100 MMSCFD of ges were transmitied through
Bakhrebad-Chittagong pipeline. But the export pressure of Bakhrabad gas field was 530 psi.
So there is a Regulating Metering Station at the Bakhrabad Gas Field to regulate the pressure
of the grid line. After installation of compressor slalion the exporl pressure of Bakhrabad gas
field can be boost up to 800 psi. Now around 200 MMSCFD ges can be transmitted through
Bakhrabad-Chittagong pipeline.

A line diagram of exisling high pressure gas transmission network is shown in figure 2.6.

The Gas Transmission Pipelines in Bangladesh after or before independence were wnostly
constructed targeting a particular bulk consumer or potential load centre. Following the
discovery of gas at Haripur at Sylhet 8" OD wansmission pipeline was constructed from
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Haripur to Fenchuganj in the late fifties for supplying gas to Natural Gas Fertilizer Factory
(NGFF} et Fenchuganj, Almost simultanecusly a 4" OD iransmission pipeline was
construcled from Tangra Tilla to Chhatak for supplying gas from ‘Chhatak Gas Field (o
Chhatek Cement Factory. Afer discovery of Titas Gas Field in Brammanbaria the Titas-
Narshindi-Dernra 14" OD gas transmission pipeline was constructed in 1967-68 for supplying
gas (0 Dhaka City and Narayangonj area. Based on available gas from the Titas Gas Field
important industrial zones were set up in Ashuganj, Gorashal and Shiddirgonj areas. The
Gorashal Urea Fertilizer Factory (GUFF), Palash Urea Fertilizer Factory (PUFF), thermal
power plants &l Ashnganj, Gorashal and Shiddirganj ares were based on gas available from
Titas Gas Field. Exploilalion of gas from Habiganj Gas Field commenced with the supply of
gas to Shahjibazar Power Station. A transmission pipeline from this field wes build upto
Shamsharnagar to supply gas to Tea gardens in and around Teliapara, Srimangal and
Moulvibazar areas, In 12" OD gas transmission pipeline was constructed from Habigan) Gas
Field to Ashuganj for supplying gas to Zia Fertilizer Factory in Ashuganj. However, the most
sipnificant development afler independence in gas sector was the creation of Bakhrabad Gas
Systems Limited {BGSL} which successfully implemented the following projects:

- Development of Bakhrabad Gas Field (in 1980-1982). Drilling of 4 (four) deviation
wells and work over of Bkl at BK! Culmination with financial assistance of OECF,
Japan.

- Installation of 60 MMCFD capacity Glycol De-hydration Plant

- Construction of 175 km long Bakhrabad-Chittagong Gas Transmission Pipeline and 33
km 24"720"/16" OD Chitlagong City Ring main pipeline (1982-1983).

- Latetal pipelines for supplying gas to Comilia, Chandpur, feni, Maijdee and Kaplai.

- 78 km, 20" OD Bakhrabad-Demra gas Transmission pipeline.

- Installation of City Gate Stations at Foujderhal, Chittagong and Demra, Dhaka.

- (as distribution network for Chittagong, Comillle, Chandpur, Feni, Maijdee and Kaptai
i.¢. in entire south eastern zone of Bangladesh.

The development of Kailashlilla Gas Field in early eighties opened avenues for expansion of
gas transmission network in the Sylhet area. A pipeline was built from Kailashtilla Gas Field
t0 Chhatak for meeling the demand of that area.

14



Two more imporiant ges transmission networks were developed simultaneously following the
drilling of 11 wells in Beanibazar, Kailashtilla, Rashidpur, Habiganj. Titas, Belabo and
Meghna Gas Field under second development project which are given below:

- 174 km 24" OD North-South {N-S) pipeline from Kailashtilla to Ashuganj with a
Parallel 8" OD condensale/NGL pipeline {1991-1993).

- 117 kan 24" OD Brahmaputra Basin pipeline from Ashuganj to Elenga for delivering gas
to gremter Mymensing areas, Jamuna Fertilizer Factory at Tarakandi with a future
provision for gas supply to the Western Zone of Bangladesh (1990-1991).

The emergence of Bakhrabad Gas Systern Limited (BGSL) created revolulionary changes in
the economic development activities of South-East The power plants, fertilizer factories,
paper mill, refinery, steel mill and various other industries of Chittagong region starled using
gas available from Bakhrabad as well as Feni gas fields, But unfortunately injudicious
production sirategy led o the dramatic decline of gas preduction from Bakhrabad Gas Field
and suspension of gas supply from Feni Gas Field, Under compelling situation due to
alarming sand flow and water production, the gas flow was drastically reduced causing
suspension of production of Chittagong Urea Fertilizer Factory, Kamafully Fertilizer
Company Limited and some power plants. This resulted in country wide load shedding. The
situation was partially overcome by expediting construction of the 58 km 30" OD Ashuganj to
Bakhrabad (A-B) gas transmission pipeline commissioned in 1997 for diverting the surplus
gas from the norhern gas fields to the soulh-east. Subsequently fransmission pipelines were
also constructed from Meghna Gas Field to Bakhrabad and Salda Gas Field to Bakhrabad for
augmenting the supply gas to the south-east, For flexibility of gas transmission 20" OD gas
transmission lateral has been built from Monohordi-Narshindi-Siddhirgonj. GTCL
constructed 82 km 30" OD Rashidpur —Ashgonj gas transmission loopline parallel 1o the N-5
pipeline to incrense Lhe transmission capacity (2002-2005), The {ine’s maximum capacity 1s
500 MMSCFD. GTCL constructed another 37 lm, 30" OD Ashuganj-Monohordi gas
transmission Joop line paraliel to Brahmaputra Basin (B-B) pipeline to increase the flow and
pressure at the down stream i.e. Dhaka, Narayangonj, Elenga, Joydebpur, Mymensingh and
Bagabari. GTCL also constructed a 36 km, 20" OD Dhanua to Aminbazar pipeline under the
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Dhsaka Clean Fuel Project (2005-2007). Due (o this line, the pressure of Dhaka and and CNG

station is improved.

if the transmission network is carefully analyzed it appears that Ashugonj is the focal point of
the national gas grid. Two key locations of Ashugonj are Mzinline Valve Slation-3 of Titas-
Narshingdi-demm transmission pipeline and Gas Manifold station of GTCL. Gas from the
north-castern gas felds (Beanibazar, Jalalabad, Kailestilla, Fenchnganj, Moulbibazxar,
Bibyana, Reshidpur , Habiganj and Titas) are being transmitted through North-south and
Rashidpur-ashuganj loopline to Ashuganj Manifold Station of GTCL from where is further
transmitted to Titas Franchise Area (TFA), Bakhrebad Franchise Area (BFA) and
Pachimanchal Franchise Area (PFA) through valve station -3, Brahmaputra Basin (B-B).
Ashugan] to Bakhrabad (A-B) and Asuganj to Monohordi (A-M) pipeline. N-S and R-A
loopline are currently transporting around 60% of national gas demand. From Bakhrabad Gas
Field, Bakhrabad —Chittagong pipeline transmit part of the required gas from national gas grid
to Chitiagong. The remaining gas for Citiagong is supplied from Salda, Meghna and Sangu
Gas Fields, Afier AGMS, Bakhrabad is another key transmission hub in Bengladesh.

The following pipelines/compressor stations are under construclion of GTCL:

i) Dhanua- Kodda (20" OD, 35 Km), gas transmjssion pipeline.

ii) Monohordi-Dhanua-Elenga-Eastemn Side of Jamuna Bridge (30" OD, 103 Km) gas
transmission pipeline and Compressor Station at Ashuganj & Elenga.

iti) - Bonapara-Rajshahi (12" OD, 53 Km) gas transmission pipeline.

iv)  Westero side of Jamuna Bridge-Nalka-Hatikumrul-Ishwardi-Bheramara
( 30" OD, 101 Km), gas transmission pipeline.

¥) Berhamara-Jessore-Kulna (2¢" OD, 165 Km) gas transmission pipeline.

vi)  Compressor Stations at Muchai & Ashugen;.
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The reliability end security of gas supply in the national pas grid is largely dependent on the
following pipelines:

Table 2.3: Transmission Pipelines of Dilferent Companies

A GTCL Transmission Pipelines
Ashuganj-Bakhrabad (A-B) pipeline 30 58 1600
Ashuganj-Elenga 24 124 1000
Ashuganj-Monohordi 30 37 1000
Bakhrabad-Chittagong 24 175 960

-| Bakhrabad-demra 20 69 -| 1000
Beanibazar-Kailashtilla 20 18 1000
Dhaka Clean Fuei Project 20 60 1000
Elenga-Eastemn side of Jamuna River 24 14 10G0
(Gas Pipeline over Jamuna Bridge 30 9 1000
Nalka-Bagabari 20 35 1040
Nalka-Bogra 20130 60 1000
North-South (N-S) Pipeline 74 175 1000
Rashidpur-Ashuganj Loop Line 30 82 1000
Western Side of Jamuna Bridge-Nalka 24 15 1000
Sub-Total (A) 931
B. TGIDCL Transmission Pipelines }
Ashuganj VS 3-APS Complex 10 0.69 1000
Ashuganj VS 3-ZFCL Complex 10 3.43 1000
Belabo Gas Field — Narsingdi VS 11 8 13 1000
Dewanbagh —~ Horipur Power Station | 14 1.58 1000
RMS
Dhanua - Mymensingh 12 56.00 1600
Elenga — Tarakandi 12 43 1000
Ghatura M & R Station-Narsingdi V512 | 14 49.39 1000
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Table 2.3: Transmission Pipelines of Different Companies {Contd.)

Ghorashal — Joydebpur CGS 14 24.5 1000
Habigan) Gas Field — Ashuganj V5 3 12 57.75 1060
Jamalpur — Sherpur 4 16 1000
Kamta Gas Field — Joydebpur CGS 19.32 1000
Monoherdi — Kishoreganj 4 35 1000
Monohordi- Narsingdi 20 25 1000
Mymensingh — Netrakuna 8/6 40 1000
Mymensingh-RPCL Complex 8 5 1060
Narsingdi VS 12-Demra CGS i4 32.41 1000
Narsingdi V8 12-Ghorashal 14 23.31 1000
Narsingdi- Ghorashal, Third Paralle! | 16 12 1000
Line

Narsingdi- Siddirganj 20 4] 1000
Tarakandi-Satishabari-Jamalpur 8/6 31 1000
Titas Gas Field — Ghatura M & R Station | 12 1.07 1000
Titas Gas Field-Narsingdi V5 12 16 46.31 1000
Sub-total (B) 577

C. JGTDSL Transmission Pipelines

Habigong Gas Field — Shajibazar Power | 8 2 1000
Siation N

Haripur — NGFF 3 43 1000
KTL I1-KTL1 14 3 1000
KTL — Kuchai — Chatak 8/6 52 1000
Sub-Total (C) 100

D. BGSL Transmission Pipelines

Meghna - Bakhrabad 8 28 1030
Salda - Bakhrabad 10 40 1000
Sub - totat (D) 68
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Table 2.3; Transmission Pipelines of Different Companies (Contd.)

E. IOC Transmission Pipelines

Bibiyanza Gas Field - Muchai 30 43 10030
Moulvibazar Gas Field - Muchai 14 27 1000
Jalalabad Gas Field — KTL IE 14 15 1135
Sangu Gas Transmission Line{Offshore) | 20 48 1135
Sub-total (E) 133

Grand Total (A+B+C+THE) 1809

Source: GTCL & TGTDCL, 2007

The total transmission pipeline of different company is 1809 km. Companywise share of

pipeling is shown in figure 2.7.

The Agure 2.7 reveals that more than ﬁﬂy percent (51%) of pipeline are operated by GTCL.
Less than one third (32%) pipeline is upcrated by TGTDCL. The 10C’s operate 7% pipeline
which include Chevron & Caim Energy. The rest 6% and 4% pipelines are operated by

JGTDSL & BGSL respectively.
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GTCL
51%

Figure 2.7: Company wise Operaied Pipeline

2.4.1 Operated Pipeline of GTCL

GTCL started its operation by North — South (N-38) pipeline that was constructed in 1994. The
cumnulative operating pipeline of GTCL is increasing with the time. In 2003-2004, the
operating pipelines were increased significamily Lhan previous year as three major pipe lines
i.e. Ashuganj-Elenga, from TGTDCL, BKB-CTG & BKB —Demra from BGSL were handed
over lo GTCL. Now the cumulative pipeling of GTCL is 913 km which is 51% of total
transmission pipelines. Operaling pipeline of GTCL is shown in figure 2.8,
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Figure 2.8: Operated Pipeline of GTCL (Monthly progress report, GTCL, December 06).

Beside the above high pressure (900psig) gas transmission line there are also some spur lines
which are also operaling at high pressure. The capacity of some spur lines which originates
from the terminal stations or off-takes of major trunk lines are given in table 2.4,

Table 2.4: Spur P:.pf: Lings

Chitiagong City Ring. | 2450/16x35 |

Main

Chandpur Lateral Bx42 960 30 BGSL
Pipeline

Comilla Lateral Pipeline 10x30 350 20 BGSL
Kaptai Lateral Pipeline 8x32 350 20 BGSL
Narshingdi Gas Field- Bx16 1000 3¢ TGTDSL
Titas Trunk line

Raujan Lateral Pipeline 20x18 350 120 BGSL

Source: Salequs, 2002
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24.2 Gas Transmitted by GTCL

The production company’s supply their gas to the nearest transmission line. GTCL transmits
the gas through its transmission lines to the four marketing companies. GTCL gets wheeling
charge of the transmitted gas from the marketing companies. The amount of gas is transmitted
by GTCL to the four marketing comnpanies in 2005-2006 is shown in figure 2.9.

TT%

Figure 2.9: Marketing Company wise Transmitted Gas by GTCL
(Monthly progress report, GTCL, Decernber (6)

The mbove figure shows that maximum of the gas (77%) is transmitted to the largest

marketing company (TGTDCL).13% of gas is transmitied to the second largest marketing
company (BGSL). The remaining 10% gas is transmitted to PGCL (6%} and JGTDSL (4%).
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243 Year wlte Gas Transmitted by GTCL

Gas tranamission Lhrough GTCL pipelines is started from 1993-1994. With the lime new
pipeline is added 10 the existing systemn that results the increase of GTCL network. The
demand of gas is also increased with time. So the amount of transmitted gas is also increased
significantly by GTCL pipetines, Cansequently the wheeling charge is also increased. Year
wise gas transmitted by GTCL pipelines is shown in figure 2.10.
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Figure 2.10: Gas Transmitted by GTCL (Monthly progress report, GTCL, December 06)

From the above figure it is found that the amount of gas is increased with the financial year.
But in financial year 96-97 Lhe amount of transmitted gas is decreased comparing to previous
year., ft may be shut down of any bulk customer (power/ferlilizer).

2.44 Condensate Transmission Pipeline of GTCL

Two condensate pipelines were installed by GTCL which are parallel to N-5 gas pipelines.
Condensale from different gas fields in Sylhet region ere fed Lo condensate lines. The

condensate lines are shown in lable 2.5.



LN

Table 2.5: Condensate Pipelings of GTCL

SI No Name of Pipeline Length{Km) | Diameter | Operating Capacity
(Inch}) pressure(PSIG) | {Barrel}
WN-8 Pipeline 175 6.623 150-250 5000.00
2 Beanibazar-Kailashtilla 18 4 250 2000.00

2.4.5 Year wise Condensute Transmitted by GTCL pipelines

Source: Monlhly progress report, GTCL, December 06

Condensate transmission was started from 1995-1996, although gas transmission was started
from 1993-1994. Year wise condensale transmission is shown in figure 2.11.
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Figure 2.11: Condensate Transmitted by GTCL
(Monthly progress repori, GTCL, December 06}
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2.5  Present Gas Management Flow System

The Present Gas Mmagement Flow System (Figure-2.12) -stales (hat four production
companies among seven, such as Bangladesh Exploration and Production Company Limited
(BAPEX), Chevron Bangladesh Ltd., Niko Resources and Tullow BD. Lid. feed their
produced gas to GTCL. Two production companies such as Bangladesh Gas Field Company
Limited (BGFCL) and Sylhet Gas Field Limited (SGFL) feed their gas to GTCL and two
marketing companies which are Tilas Gas Transmission and Distribution Company Limiied
(TGTDCL) & Jalalabad Gas Transmission and Distribution System Limited (JGTDSL). Cairn
Energy feed their gas directly to the ring main of Bakhrad Gas System Limited {BGSL).
GTCL transmits the gas 1o four marketing companies such as TGTDCL, JGTDSL, BGSL and
Pachimanchal Ges Company Limiled (PGCL).The marketing companies supply the gas to

consumers of their respective franchise area.

According to decision of Bangladesh government, GTCL in 2003, TGTDCL and RPGCL
operate as autonomous bodies to be commercially viable. Managing Ddrector, Genereal
Manager (Operation) and General Manager (Finance} are being recruiled on conlract basis. It
is mlso planned to divide TGTDCL and implementing three independent companies
comprising Dhaka-Gazipur-Manikganj zone (Titas Gas Distribution Company), Naryanganj-
Munshiganj-Narshindi zone (Sythalakha Gas Distibulion Company) and greater
Mymensingh-Bhoyrab zone (Bramaputra Gas Distribution Company). A sepamie distribution
company is also planned for Chittagong arca {Kamafully Disiribution Comnpany Limited) by
re-arranging BGSL for efficient management. -
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CHAPTER 3; OVERVIEW OF SCADA SYSTEM

Supervisory Control and Data Acquisition (SCADA) is a process conlrol syslem that enables
a site engineer/operator to monilor and control processes disiributed among various remole
giles. Such systems can be used to monilor and control land, air or water poliution control
equipment, or just aboul any manufacturing process. A properly designed SCADA system
saves time and money by eliminating ihe need for service personnel to visit each site for

inspeclion, data collgclion/logging or make adjustments.

Real-time monitoring, system modifications, troubleshooting, increased equipment life and
antomatic teport generating are the benefils that come with today’s SCADA System.

By the late 1980s, SCADA syslems were in wide use on pipeline networks. It was estimated
in 1991 that natural gas pipelines and utilities in the United States for instances, had plans to
install 159 complete SCADA systems during Lhe 30-month period beginning in QOctober 1990.
Also planned was the installation of 0 Remoie Terminal Units {RTUs) on existing SCADA
systerns. These eslimates were based on research by CSR, Roseville, California, which
maintains a data base on gas wtility and pipeline companies,

SCADA systems are computerized hardware and software systems that perform a set of
monitoring and control functions. In gas and oil compenies, the systems can also provide
batch tracking, leak detection and {low information.

RTUs at compressot and pump stations and at other remote siles measure operaling conditions
and transmit the data to a central computer. Programmable logic controllers act as RTUs, but
can also perform local logging and conlrol functions at the remote sites.

In general, modern computer —based pipeline control systems consist of the following

components:

i) The computer complex includes compulers, computer peripherals and interfacing

equipment for the man/machine system and remote slalions.
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i) The man/machine system includes devices necessary for the operator Lo communicale
with the computer, such as the video display unit, keyboards and loggers.

{iiy  Remole staiions are connecled to the computer complex via a communication channel-
microwave, telephone, radio or other means.

iv)  Field devices such as pumps and motor operaled valves are controlled and momtored
by the remote station. Field instrumentation includes pressure and temperature

transtnitters, 1ank gauges and similar components (Kennedy, 1993}

3.1 SCADA System in GTCL

Supervisory Control and Dala Acquisition (SCADIA) system was imroduced in GTCL in
2004. Under this system, two identical control centers were built, one is Master Control
Centre (MCC) which is located at Dernra and another on¢ is Auxiliary Control Centre (ACC)
which is localed at Ashuganj. With this system ges flow, intake and off-tzke points pressure,
valve status (openclose), flow mte and pressure of condensate and quality of gas can be
monitored. The components of the SCADA system are discussed below.

3.1.1 The Telecommunications System

The Microwave Communications Backbone (Figure 3.1) comprises a dual redundant, hot
slandby microwave radio system which generally follows the same routes in the eastern half
of Bangladesh as the main gas pipelines and provides the SCADA system with a irensparent
transmission medium for all communications. The mictowave radio system supports the
SCADA telemetry communications sysiem, an integrated telephone system via Private
Automatic Branch Exchange (PABX's) and a private irunked mobile radio (PMR) system to
assist mainlenance crews working in the vicinity of the pipelines. PABX equipment at two
new Control Centres located at Demra and Ashuganj, together with inter-PABX trunks to the
Head Offices of the gas operaling companies forms an integrated lelephone network. The
result is an overall telecommunications syslem which provides voice and data facililies to
support gas transmission and operations throughout the National Gas Grid {Serck Controls,
2004}.
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Figure 3.1: Microwave Communications Backbong

3.12 Radio Rooms, Telecommanications Towers, Masts and Monopoles

Radio Building: Nine new radio buildings have been built along the nerthern section of the
pipeline from Horipur down to Bakhrabad end nine existing radio buildings have been
completely renovaled along Lhe southem seclion of the pipeline from Demra down (o
Faujdarhat, The radio buildings house the new microwave, SCADA telemetry and PMR
equipment plus battery back up and standby gencralor sysiems to ensure uninterrupled

operation during public supply power interruptions and voltage fluctuations.

Telecommunication Tower; The channel capacity of the existing analogue microwave
system equipment is being expanded and upgraded along with the addition of SCADA
telemetry and PMR equipment within the TITAS franchise area from Tarakendi down to
Ashuganj and Demra. Microwave, SCADA telemelry (UHF) and private mobile radio (VHF}

antennas are mounled on a series of new/exisling, self-supporting towers
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Figure 3.2: New Telecommunication Tower

(Figure-3.2) along the nerthern and TITAS franchise route of the pipeline and existing guyed
masts along the southem route of the pipeline {Serck Controls, 2004), The lowers and masts
(Figure 3.3) are located adjacent to the new and exisling radio buildings. Seven new towers
ranging from thirty four to one hundred metres in height along the northern route and two new
st towers on top of the Petrobangla and Jalalabad Head Offices have becn provided.
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Figure-'B.E: Mast and Monopole

The project includeed inspectior, repainting and refurbishing of the existing masts. SCADA
telemeiry antennas, mounied on monopoles interface to Remote Terminal Units (RTUs)
located at over sixty gas sites to provide moniloring and control facilities over the full extent

of the pipeline at the two new Control Centres at Demnra and Ashugani.
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213 The SCADA Syztem

In Master Control Center (MCC), Demra, (Figure 3.4) there are lhree computers (MCC4,
MCC5, MCC6) called control room workstation in the control room which display the flow
paramelers, open/close status of valves, overview of all major pipelines ete. There is one
computer for pipeline application (MCC1) which main use is to configure and run Pipeline
Application Software (PAS) enabling load balancing & scheduling, leak detection, line pack
calculation elc. Another computer (MCC2) is for SCADA management which main use is to
configure/reconfigure various parameters of SCADA database. There are three priniers in the
systemw, one is for alarm and events printing, another one (MCCP2) is for report printing and
the rest one (MCCP1) is for color printing. SCADA servers are located at cach control centre
and operate in a main/standby configuration. The servers communicate via a dual 256kbit/s
extended LAN {WAN) link between the MCC and ACC. CC1 & CC2 are the communication
controllers which are used to relieve the SCADA servers of the telemetry load. ALl compniers,
printers etc. in the system are connected by hub. Under wide area network (WAN), six
Operating Company Terminals (OCT'’s), ACC, MCC and Petrobangla are connected through
router, Device Maslers are 32-port hridging unit which holds point to point connection from
each telemstry masier station via sentinel panel. Device maslers are connected to the
communication controllers via Ethernet link, Afier a certain interval, server request for getling

datz from outstation via sentinel panel.

Afer getting request, RTU sends (he requested data to communication switch in the radio
room via UHF/cable link. The communication swilch iest which one (MCC/ACC) is ready to
get the dam. If there is no problem of MCC to get the data then RTU sends data to MCC. If
MCC is not ready then RTU will send data to ACC. As there is a link of 128 kbps between
ACC and MCC, the acquired data is updated autormnatically between two controi centres.
Pipetine Application Workstation (MCC1) will take data from server. The user will also insert
the required dala to run the software, After running the software, the results wili be sent to

server. From the server, the results are available to the computers of control room, OCT,s and

petobangla as well.
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3.1.4 The Centrol Centres and Gas Operating Cumpaﬁ}f Terminals (GCTs)

The systera is hased around two geographically separated Comtrol Centres offering, for

seourity purpusas. ideniical facilitics, wiih 1 dua processor server configuration for resilience

and additionsl security, The Main Conirol Centre {MCC) is located at Demra, 12 Km South
East of Dhaka and the Awxiliary Control Centre (ACC) at Ashuganj, 85 K North East of
Dhaka (Figure 3.5). Database transfers via high-speed links between the servers provide
main/standby functionality across he system. The servers support PC based workstations in
the Control Rooms and Operating Company Terminals (GCTs) installed in the Gas Operating
-Company Head Offices throughoui Bangladesh to provide the facilities of Gas Plant
monitoring and control, pipeline operations management, maintenance dispalch, production
planning and training. Large, high-resclulion rear projection system screens provide an
overview of operalions as pars of an inlegrated Control Room design.

An on-line mathematical modeling package is itcorporated into the SCADA system to

improve the detection/location of leaks, monitoring of under/over pressure, pig tracking,



demand prediction #nd where necessary to simulate pans of the gus petwork. Both Conrol
Cenlies are provided with duty/standby gas powered gencrators, each capeble of supporting
the full building power load 1o cater for insorraptions or voltage fluctuations o the public
supply, Battery back ap facilities which can maintain the pewer supply to the system for up
io four hours are also provided to ensure a seamless changeover beiween ihe public and

stmdby generator supplies.

3.1.5 Remoic Terminal Units (RTUs), Instrumentation und Metering Skids

RTUs have been installed at sixty sevens sites throughout the existing national gas network, to
interface to the pipeling instrumen|aiion, setreve data and transrnit it back via the Microwave
backbone to the MCC end ACC and to transmit control signals (o the plant (Serck Conlrols,
20043, A typical RTU is shown in figure 3.6. -
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The RT1J cabinets need to be capabie of withsianding the harsh envirenmental climate of
Pangladesh and tvpicaily nust endure monsoon rains, cyclones, flooding high temperatares
and humidity, Raisad concrete platforms to 2 height above the worst known floed level and
galvanised steel sheliers have also been eonstructed to offer additional protection. Datteries
are installed in the bottom section of the RTU cabinet to provide power back up facilities and

maintain equipment operation for a full twenty-four hours, on loss of the public electricity

supply.
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Meny of the gns sites are in remote locations without any puablic electricity supply. In these
instances, solar pancls have been instulled on the RTU shelter roofs o provide the pawer
necessary in energise the RT1J equipmeni and pipeline instrumentation (Serch Contrals,
2004). The RTU with solur panel arroy 1s shown tn figure 3.7,

Instrumeatation; Typically, at ench site, new intelligent gas pressure, temperuture and flow
monitoring instrumentation has been insialled on the pipeline itself and edjacent io the
pipeline on new instrumentation stands. The instrumentation stand is shown in figure 3.8.

Ligzibs 13 ]) g b1
£

Figure 3.8: Instnumentation Stand
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The data signals are then taken back to the site RTU via cables, fed into a flow computer
which accurately calculates the true gas flow which is then transmitted to the Control Centres.
At two localions, Elenga and Monchordi new metering skids have been instalted. Each skid
is about twenty-one by nine metres in size and weighs around fifty tonnes, The installation
required an excavation the size of a basket ball court to be dug by hand {0 expose the existing
twenty-four inch pipeline (GIDP, SCADA Component, 2002).

A seclion of the pipeline was cut away, valves inserted end pipe work modified to allow Lhe
flow of gas to pass via the new skid. The gas passes through ges filters, scrubbers and dual
chamber orifices before returning to the main pipeline.

316 Microwave Links and RTU Status

Thete are 23 nos. lowers and 67 nos. out stations (RTU} under the SCADA system. Amoug
23 nos towers, 9 new towers are installed and the rest of the towers are modified and
interfaced with the new towers. Two control centers, one is Master Control centre (MCC})
located st Dermra and another oue is Auxiliary Control Centre (ACC) located at Ashuganj.
From two identical control centres the microwave link and RTU status can be monitored.

Figure 3.9 shows the microwave link and RTU status. If eny problems oceur in any cutstation
or microwave link, the corresponding oulstation and microwave link will show red color in
the SCADA system. There are many outstations under one microwave sile and the radio room
is located near the tower. The nearest outstation is connected by cable link with the radio
room and the remote outsiations are connected by UHF/laser communicalion with the radio
room via tower. Between lowers there is a link of microwave communication. RTU collects

data from plant and sends data Lo conirol centre by microwave link.
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CHAPTER 4: TECHNICAL SPECIFICATION OF SCADA SYSTEM IN GTCL

SCADA system consisis of control centre hardware, head office hardware, Remote Terminal
Unit (RTU), Telecommunication system and Instrumentation. There are many components of
this system. The lechnical specification of this system is discuased here.

4.1 Control Centre Hardware
/

There are two conlrol centres:

. Main Conlrol Centre (MCC) at Demma
. Awxiliary Control Centre (ACC) at Ashuganj

Fach control centre conlains the following components:

® SCADA server

. Telemetry

- SCADA Management Workstation
. Pipeline Applications Workslalions
L Control Room Workstation

. Large Screen Display

. Printers

. LAN Equipment

- GPS Clock

. Remote Access Modem

Brief discussion of the components is given below.

4,1.1 SCADA Server

SCADA server is localed at each comrul centre and cperates servers in a main/standby
configuration. The servers communicate via e dual 256kbit’s extended LAN {WAN) link
between the MCC and ACC,

Each SCADA server is connected to 2 SCADA management workstation and a pipeline

applications wurkstation viz a dual LAN. The dual LAN also connects each SCADA server to
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two Communication Controllers. The Communication Controllers operale in dual mode under

the control of the main/standby SCADA servers (Lewin, 2002).

41.2 Telemetry

Telemetry means remote meesuring device. It describes any system using electronic
communications for measurement. It can also be used for systems with control functions and
ta highlight wide area rather than plant based system. The telemetry sysiem consists of the
following components.

Communication controllers: Each control centre has two Commmunication Controllers. The
Communication Controliers are used io relieve the SCADA servers of (he telemetry load. The
Communication Controllers provide a set of 9.6kbil/s communication channels from each
control centre via a sentine] changeover panel.

Each Communication Controllers consists of a kayak XU PC Pentiunu IT 400 MHz 128 Mb
RAM and a 42 GB HDD. The Communication Controllers are connected to the Sentinel
Panel via two 32 porl Device Masters accommodating the single communications channel
from each conlrol centre to the RTU’s over the radio system.

Under normal operating conditions, cnc control cenire communicalions ¢hannel is used to poll
the Remote Terminal Units (E-{-T[Js} at any one time. Switching within the telecommunications
systern ensures the RTUs are connected o the polling contro] centre.

When there is a fault on a paricular channel, polling for that channel is antomatically
switched to the other Communication Controllers. The Communication Conlrollers output a
seral control signal to their local sentinel panel-the control signal is used to direct the sentinet

to switch ta the appropriate Communication Controller.
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Data exchange between RTUs and Communication Controllers is at 9600bps over mulii-drop
RS-232 virtual channels, providing a point to point connection to each microwave

telecommunications site from ACC and MCC (Lewin, 2002).

Sentinel Panels: The sentinel panels are control units based on Serck Controls” Proteus 2000
hardware. The sentinel Panels monitor the main and standby computer system to delect
hardware or software malfunction and announce the failure 1o the other system.

If the main system fails, the standby system instructs the changeover panel to transfer comtrol
lo the standby system. The transfer is performed by magnelically latched relays conltrofled by
the processot in changeover panel.

When control is transferred, the standby system takes control of the peripherals and

communication lines normally dedicated to the main system (Lewin, 2002)

Device Masters: Device Masters are 32.porl bridging unit which holds point to point
connection from each telemetry master stalion via sentinel penel. Device maslers are
connected to the communication controllers via Ethernet link.

4,13 SCADA Managemeni Workstation

The SCADA system management workslation consists of a HP kayak XU Penlium iv,
1.8GHz PC fitted with 128Mb memory, a 40 Gb Emd disk drive, keyboard, mouse and a 17"
colour monitor. Its main use is to configure/re-configure various parameters of SCADA
database.

4.1.4 Pipeline Applications Workstation

The pipeline applications workslation consists of a HP kayak XU Pentium iv, 1.8 GHz PC

Gtted with 128Mb memory, a 40 Gb FasiRAID hard disk drive, keyboard, mouse and a 17"
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colour monitor. [ts main use is to configure and run Pipeline Application Sofiware (PAS)

enabling load balancing & scheduling, leak detection, line pack calculalion etc.
4.1.5 Cnntrni Room Workstations

The control room workstations consist of a HP kayak XU Pentium iv, 1.8 GHz PC fitted with
128 Mb memory, a 40 Gb hard disk drive, keyboard, mouse and a 21" colour monitor. The
various flow parameters dala of gas and condensate are monitored in the ¢ontrol room
workstations,

4,1.6 Large Screen Display

Each control room has a Barco RetroGraphics 808s high resolution rear screen projection
system. The Fresnel/Lenticular Blackstripe screen measures 50" across the diagonal and is
controlled by a Penlium iv, 1.8 GHz PC fitted wich 128 Mb memory, 40 Gb hard disk drive,
CD-ROM, keyboard and mouse. It dispfays the flow parameters i.e. static pressure, flow rate,
differential pressure and temperature.

The Pentium iv, 1.8 GHz PC supplies a SCADA display to die screen and runs the Searck
Controls Ltd X System (SCX) client software. The video output of the PC is connected to the
screen system. Only one PC can remolely control the screen at any ons time. If a control room
PC has nol requested controd of Lhe screen, the screen displays the windows that were selected
by die previous user.

The RetroGraphics 808s display has a multi-standard video input to allow dala input from
sources other than (he conlrol room workstations. The video standards included are PAL,
NTSC3.58, NTS5C4.43 and SECAM.

An orbitor card is used in the projector 1o avoid bum-in on the screen. The graphics card used

in the display control PC and the display itself, including the interconnections, provides a



screen resolution of 1600x1200, ensuring a sharp display. An aulomatic convergence
adjustment feature is included in the display to avoid the requirement for manual screen
adjustment (Domjan and Parkes, 2002).

4.1,7 Printers

There are Lhree types of printer of the SCADA system which are used for various purposes.
The types are given below:

Alarm/Event Printer: For smooth operation of the gystem, alarm/event printer is used. When
an alarm or event is generated in the system, it prinls out automalically. Dot Matrix printers
are configured as alarm and event printers. The printer groups are configured so that alarms
and events print out at both the MCC and ACC,

Report Printer: For convenience of the system reporl printer is used. This printer is
dedicated for repori. Laser printers arc configured as report printers. Each laser printer, across
the system, including OCTs, is configured as an individual print group. The reports can be
printed &t a specific location,

Screen Dump Printer: HP 1600C colour printers are configured as individual printer groups.
The printer group is selected when a screen dump is initiated. Screen dumps can be sent Lo
ary screen dump primter on the system.

4.1.8 LAN Equipment

The Local Area Network (LAN} at the MCC and ACC is duplicated for security. Each LAN
consists of a Irﬁ port 10 base-T Ethemet hub, end an 8 pont 10 base T Ethernet hub. The

server and workstalions ere connected to both LANs that share the network load under normal

operating conditions.
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If a LAN fails, the other LAN iakes over the fuil load of that site. Connection to the Wide
Area Network (WAN) is via routers connected to the microwave backbone.

The Local Area Network equipment consists of:

Hubs: The system uses two types of hub:

- 3 Com OfficeConnect Hub 8/TPC (10 BASE -T Hub)

- Office Connect Hub TP 16C(10 BASE-T Hub)

Routers: Network routing topologies ensble an OCT to connect to either an ACC or an MCC
LAN. Client workstation software retrieves data from the main or standby SCADA server
depending on proximity/WAN speed and determined on installation. Client software always
writes data to the Main SCADA server.

The system uses two types of rouler.

# Cisco 1601

e 3 com officeconnect Remote 531 Model

(Lewin, 2002).

4.1.% GPS Clock

A Global Posilion System (GPS) clock, w-ith a suitzble externally mounted anlenna, is
connected 10 each SCADA server in MCC and ACC. The GPS clock is connecled to thn;:
SCADA servers via the Seminel panel, Device Masters and the Communication Controllers.
The GPS clock is used to synchronize lime slamping of alerms and events across all Serck
Proteus RTU's 1o 1 second. Syncronisation is achieved by means of a broadeast from the

master station to all RTU’s. The GPS clock is used as the system clock for the masler station

(Lewin, 2002).
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4.1.10 Remote Access Modem

Remote Access Modems are connected direcily into the COM port of Pipeline Applications
Workstation, The PC anywhere software package is used to log into the servers to provide
remote support for the system. The sysiem uses the multitech MT5600ZDX Remote Access

Modem (Lewin, 2002).

4.1 Head Office Herdware

Worlstations are inslalled at operating company head offices to provide operational data such

as gas production and consumplion and generate customized reports but they do not Frnvide

control facilities. Three workstations ere installed in the head offices of the three distribution

companies (TGTDSL, BGSL, JGTDSL). Two workstations are installed in the head offices of

two production companies (BGFCL, SGFL). One workstation is installed at petrobangla. The

operational data of the whole SCADA systern is monitored from petrohangla workstation. In

(he other workstations, the operational data of their respective franchise area is monitored.

The equipment at each head office is identical and provides workstation access (with prinling

facilities) to the SCADA system via 64Kbit’s WAN links to each control cenire.

Each head office has:

. A workslalion based on Pentium iv, 1.8 GHz PC fitted with 128 Mb memory, a 40 Gb
hard disk drive, keyboard mouse and a 217 colour monitor.

) A HP Laser Jet 4000N printer,

. A HP 1600C colour printer (connected to the 3 com officeconnect 8 port 10 BASE —T
Hub based LAN}.

Each head office is comnected to the WAN via a pair of office Connect remote routers at 64

kbps (Domjan and Parkes, 2002).
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43  Remote Terminal Units (RTU's)

Remote Terminal Unit’s (RTU’s) gather dala from measuring device points and send
inslruclions to controllable device points. RTU’s are usually positioned some distance away
from the master station network. The RTU’s communicate with the master station network via
the telemetry chammels and use the same protocol.

The main components of the RTU are given below:

- Hester

- Thermostat

- Hydrostat

- Processor card (PR3)

- TM-1 Communications Terminal Module
- (GE2/4 Back Plane

- UB7 Termination Module

- PR13/PM13 Switching Card

- Serial Interface Card (PR27)

- Optically Isolated Drigital Input Card (PR28)
- Analogue Input Card (PR35, PR37)

- Digital Qutput Card (PR64)

- Analogue Output Card (PR71)

- Power Card (PR82)

- Termination with SE cards

- Flow Compuier

- Inverter

- Rectifier

- Lighlniné Arrestor

- Relay

- Barriers

(Domjan and Parkes, 2002).
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4.4  Telecommunication System

The telecommunication system provides Lhe SCADA sysiem with a ransparent Lransmission

medium for all communications. It also provides voice and dala facilities to support the

GTCL's and the operating companies operations through the national grid.

The main function of Lhe telecommunicetion sysiem is given below:

. The communicalions medium through which ihe nationa! gas grid dala acquisition
element of the SCADA system is implemented.

. The telephons links between the PABX equipment (MCC & ACC) and the sites.

. The trunk interconnections between the PABX at the various control certer sites,

. The trunk interconnections between the trunk radio base stations and the central trunk
switches Jocaled at the main contro! centers.

. The trunk inferconnections between Lhe three central trunk swilches of the frunk radio
system and Lhe masler trunk switch.

. The WAN network linking the operaling compeny offices wilh the main conlrol center
SETVETS.

In additon 1o these main fl.lIlc‘lion?, the systerm is equipped with a separate PC9010 network

manager system for lhe configuration of the comtrol ard alarm monitoring of the

telecommunications system equipment located at each microwave site in the system.

The main components of the telecommunication system are given below:

- Microwave Tower

- Microwave Dish Antenna
- Lighting Rod

- Light

- Adrcrafl Waming Light

49



- Microwave Radio

- S AGEM Multiplexur
- PMR Masler Station
- Telemetry Radio

- PC90L0 RTU

- PS21 RTU

- Rectifier

- Inverier

- Lightning Arrestor

- Relay

(Brown, 2003),

44,1 Communication Systems

The backbone communications system consists of a digilel line of site microwave bearer
system with digital multiplexers at each site. This extends voice and data communications
facilities throughout the pational gas prid. This provides data communications h-c’clwecn
adjacent microwave sites lo create a complete communication pathway from the MCC/ACC

through the complete chair of microwave siles.

4,42 PABX Network

Two Mitel 2000 digital PABX’s provide voice communication service for the nalional gas
grid. These are located at the MCC and the ACC. Interconnecting irunks are cormected
between the existing stand alone PABX at cach operating company head office and the new
PABX to form a PABX network covering the main sites in the field. PABX Network and

Inlerconnecting Trunks are shown in figure 4.1 {(Brown, 2003).
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In addition, access to the PSTN is provided by the inclusion of five PSTN connections to the
ACC and six 1o the MCC, the sixth line at the MCC being an international line.

The PABRX at the MCC, the ACC and at BGSL each have two 4W Ear & Mouth (E&M)
trunks connected to the trunk radio system to permit calls to be set up between Lhese operating

company PABX extensions and the mobile radios serving the Trunk Radio System (TRS).

4,43 Trunk Radio System

The trunk radio system is a voice and dala communications network that operates in the 80
Mhz VHF band which allows field staff working on the main lransmission lines and at siles
on the national gas grid to communicale with the MCC/ACC or with each other.

The network is a modular hierarchical infrastructure with Trunk Site Switches (TSW) at
MCC, ACC and BGSL (Comitla) controlling 19 VHF base stations located at the microwave
sites. The three TSW switches are controlled by a single Master Trunk Switch (MTS) located
at the MCC,

The sysiem is configured as a 3 channel trunked scheme wilh one dedicated control channel
base siation and two traffic channel base stations at each site. Calls may be made from the
MCC/ACC or BGSL at Comilla to single portables, groups of portable or all hand portables.
The signaling system used conforms to MPT 1327 specificalions allowing hand porables to
be uniquely identified by means of user name, unit nuruber or group name.

The system is equipped with interfaces to the GTCL PABX network at the MCC, ACC and
the BGSL PABX at comilla to facilitate communicalion between the mobile radios and FABX
estensions or the PABX operator.

Hand held radio terminals can establish calls 1o the MCC, ACC or BGSL Comilla by means

of a simple key press operation. Handhelds can be conligured for calls to home or “prime”
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dispatcher locations, Speech calls from portable radios can be assigned with nermal, priority
or emergency call status. In addition, simple starus signaling can be used on.the system
contro! channe]l which allows simple massages to be transmited to the dispatcher or hand
portables withowt the need for the allocntion of a traflic channel. Simple siecked dipole
entennns are used at the VHF base swations to give omni directional coverage, The tnmk radio
sysiem is provided with a Network Management Terminal (NMT) for configuralion and fault

reporting. The trunk redio system overvicw is shown in figurc 4.2 (Brown, 2003).
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4.44 Communications Manzgement System

A Communicalion Management Syslem is provided lo allow operators to assess the

performance of the lelecormmunications system and reconfigure or conlro! it as appropriale.

The PCS010 Communications Management Syslem provides a management function for:

. Remotely monitoring the configuration and alarm status of the equipment at each
microwave site

. Remotely reconfiguring microwave site equipment

. Remotely monitoring the multiplex equipment at each site

e-  Remolely reconfiguring the multiplex equipment at each site

The PC9010 is a data communi-lzatiuns network that uses a combination of interconnecling

cables and microwave transmission links to transmit data frames coutaining management

commands to the microwave site equipment

Data frames containing equipment address, equipment status/configuration read commmands or

configuration control commands, are issued by the Network Management Server (NMS} at

the MCC and are transmitied arcund the system at a data rate of 9600kb/s.

Equipment configuration and alarm status read from each site is inseried into the respective

data frames for transmission back to the NMS (Brown, 2003).

44.5 Gas Data Acquisition Control

Each of the two control cemtres; the MCC and ACC, are equipped with dual redundant

communication controllers for controlling the gas data acquisition ¢leraent of the SCADA

system. Each communication controller is identical and is loaded with the same sofiware,

Each communication controller has a separale V24 interface to each microwave radio sile in

the system through which the poll and gas data gathering process is execuled to that particular
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site. The V24 interfaces in figure 4.3 are numbered V24(102), V24(105)...........and so on 1o

V24(702) following the site numbering scheme {(Brown, 2003).
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The main and standby communication comrollers V24 interfaces at the MCC and ACC are
each connected to a sentinel switch (0 ensure that only the V24 inlerfaces from one of the
communication controllers at each control site is applied to the system. The V24 interfaces of
just two communication controllers are thus normally connecied through Lhe senlinel

swilches,

The four communication controllers operate in tandem. Therefore when a poll is made, all
four communication controliers output a poll procedure on their respective group of V24
imerfaces. Consequently, the group of V24 interfaces from the MCC duty server, all initiate
the poll request simaltansous with the ACC. Normalty, the Microwave and Muitiplex system
only use the poll commands from the MCC. In the event of filure of V24 sipnaling, the
Microwave and Multiplex system aulomatically swilches over to using the ACC main server
as ils source of poll command and as its deslination for he response data. The V24 dala rate is
set at 9600bps.

The database of gas prid data built up by the duty server is shared wilh the other servers by
periodic updates via a 256kbps high speed data link. Thus if another server has to take over
control, it will have the same database. The poll and response process have Lhe flexibility to
initiate a poll from 1he duty server (at the MCC) and in the case of BIl immediately following
fault or loss communications, to accept the response data at the ACC server. If he main
server at a control site fails, the Sentingl Switch automatically disconnects the V24 interfaces
of the faited server from the system and connects the V24 interfaces from the standby server

through the swiich instead (Brown, 2003).
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44.6 Site Data Acqulsition

The poll signals originated at the MCC and ACC are received from (he microwave and
multiplex system via a V24 switch, This may be connected to either the MCC or ACC V24
channe!. If communication is lost, the switch is toggled altemately between the MCC and
ACC position for a set time-out period until communication is reesiablished. The time-out
period is dependent upon the type of communication loss, When communication with a
communication controller is achieved, Lhe switch stops Loggling between the MCC and ACC
and stays in the selected position.

In response to a poll commend, the funclion gathers gas data from all outstations Lhat are
monitored by the site and sends the data back to the servers. If the V24 switch is at the MCC
position, the data will go to the MCC, if it is in (he ACC position, then it will go to the ACC
server. The function forms part of an integrated data communications system together wilh
the communications system and the Remote Terminal Units (RTU’s). Gas parameters,
pressure, temperature and flow rate, collected from the gas gnid, are inserted into a data siring
containing gas grid source address, parameter identification codes, gas parameter magnitude
and transmigsion error control codes. The string is transmitted back to (he relevam server via
the transparent microwave and mulliplex system.

All data interfaces at the periphery of the Microwave and Multiplex system Lhat are associated
wilh the process of gas dala acquisition are V24. Each V24 interface from the Sentinel Switch
is sile specific programmed. When a polt signal is initialed on one of these V24 interfaces, a
set pathway is automalically through the Microwave and Mulliplex system Lo the mput of a
V24 switch a1 the corresponding site. This pathway becomes transparent to V24 signaling and

can be viewed as a virtual V24 circuit. For example, in figure 4.3, the V24 (102) interface
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from the communication controller at the MCC is linked to the MCC input of the V24 swilch
at gite 702. Similarly, the V24 (102) interface from the communication controfler at the ACC

is linked to the ACC input of the V24 switch at site 102 and so on.

The poll commands generated on each V24 interface by the duty server are therefore input to
the respective site V24 switch. Normally, with the MCC acting as the duty server, the
command is applied to the MCC input of each swilch. Gas dala received from the site Gas
Data Acquisition function in response to the poll is fed back via the V24 swilch and the
virtual V24 circuit on the communication syslem o the relevant V24 interface of Lhe polling

server (Brown, 2003).

45 Instrumeniztion
Different types of instrumentation are used in the SCADA system. The details of these

instrumentation are given here.

4.5.1 DifTerential Preasure Transmitier

Differential pressure transmitters are grouped and mounted on instrument supporis, and are
protected by sunshades. Transmitters are direct mounted 3 valve menifold and are connected
lo existing spare tapping points at the orifice fittings using 12mm OD 316 stainless steel
tubing and stainless steel compression fitlings. The transmitlers conform to the HART
protocol and have an integral local indicator,

Instrument stands are located so as to minimize the length of the impulse lines.

Tranamitter 4 to 20 mA output signals are cabled to the local junction box for retransmission

to the marshalling cabinet (Domjan and Parkes, 2002},
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451 Pressure Transmitier

Pressure transmitters are installed on the instrument stands, and are grouped togelher wilh
other instrumentation. The transmitters conform to the HART protocol and have an integral
local indicalor.

Process impulse piping is 12 mm OD 316 stainless steel tubing and compression fitlings.
Each tranamitter is supplied complele with a 2 valve manifold and connect to the process via
an existing spare screw in an isolated boss on the pipeline, or in specified instances by tapping
into an exisling pressure gauge installation.

Transmitter 4 to 20 mA output signals are cabled to the locel junction box for retransmiasion

to the marshalling cabinet via multipair cable {Domjan and Parkes, 2002).

453 Temperature Transmitter

Temperature transmitters are direct mounled on Resistance Temperature Detector (RTD), and
are direct mounted with screwed thermowell imio an existing spare boss on the pipeline.
Temperature transmitters conform to HART protocol and have an integral local indicator.

Outpui signals from the transmitters are cabled to the local junclion box for retransmission o

the marshalling cabinet via multipair cable (Domjan and Parkes, 2002).

4,54 Turbine Meter

Where turbine meters (that are to be incorporated into the system) already have signal cables
connected, the existing single output pulse meter is changed to a dual pulse output fo
accommodale the additional signal requirement.

GTSL have included for the supply of new urbine meters at two sites Dewanbagh (108) and

Ashuganj (400).
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Output signals from the turbine meters are cabled to the locally installed junction box for

retransmission to the marshalling cabinet via multipair cable (Domjen and Parkes, 2002).
4.5.5 Main Line Valve (MLV) Solenoid Valves

Two 3 way solenoid valves are installed at each MLV actuator ay required. Cabling to
solencid valves from the RTU cabinet is via multipair cables lo the Jocal junction box and
then via focal cabling to the MLV actuator. The solenoid valves are actuated by relays
installed in the marshalling cabinet and ectivaled via the RTU. Limit switches are cabled back

to the RTU via the local junclion box (Domjan and Parkes, 2002).

4.5.6 Level Instruments

Level iransmitiers to measure and transmit levels in the condensate 1anks are provided at:

# Kailashtlla Gas Field

. Aéhuganj standby control room

Transmitters are inslalled at access flanges. Qutput signals from the lransmitters are cabled fo

the RTU via the junction box and multipair cable (Domjan and Parkes, 2002).

60



CHAPTER 5: EVALUATION OF THE SCADA SYSTEM

SCADA system was implemented to control and monitor of all the transmission pipeline
network parameters such as gas flow at supply and off-ake points, current line pressures
through the network, movement of gas and condensate volumes and quality of gas being
supplied to the system by the producing companies, Furthermore, the SCADA would provide
pipeline integrity monitoring, leak detection, ling pack, movement of pig along the pipeline,
load balancing, load scheduling and efficiency of pipeline. But the SCADA system is not
functioning fully. This chapter describes the bensfits of pre and post SCADA and also the
shoricomings of the SCADA system.

% | Benefits

The benefits of pre and post SCADA system are discussed below.

5.1.1 Response Time

Before SCADA system, it was difficult to get the information. Getling the flow data was time
consuming. More time was required Lo get the valve slatus of pipeline.

ARer SCADA syslem, real time flow data, open/close status of valves, flow and pressure of
condensale can be monitored instantaneously.

The length of time required to get the flow data at pre and post SCADA sysiemn 1%

quantifiable,

£1.2 Man Power

During pte SCADA system, a large number of manpower was gngaged at different regulating
and valve station. They would collect the pressure and flow data afler a certain period and
they would deliver the collecled data to the head office. GTCL would pay a lot of money for

this manpower.
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After SCADA system, the flow and pressure data are monitored in the SCADA system. S0
manpower is reduced significanily due to SCADA system and GTCL is saving money for this

systern.

The number of manpower saved due to SCADA system is quamifiable.
5.1.3 Liguidated Damages

Before SCADA system, it was difficult to maintain the load in the sysiem. 8o bulk consumners
especially power and fertilizers were faced problems due to gas crisis. At ihat ime many
power stalions and ferlilizer factories were out of generation/production due fo cut of gas.
Many power and ferilizer Factories claimed Liquidaled Damages (LD) from Gas Company
according to gas supply agreemenL

ARer SCADA system, load dispatch is properly done. So the bulk consumer is facing fewer
problems. Liquidated Damages are very less due to SCADA system.

The number of days that were out of production/generation of ferlilizer factories & power
stations due to gas crisis is quantifiable.

5.1.4 Condensate Loss

The condensate line is a separate line in which the production companies feed the condensate
at & certain rate. A gang of miscreants is pilfernging condensate from the condensate line,
Before SCADA system, it was not possible to monitor the flow parameters of condensate
properly. It was difficult to delect the purging point. S0 huge amount of condensate was lost.
GTCL would require a lot of money to repair the purging.

After SCADA system, the real time data of flow rate and pressure are nonitored
instantaneously. When the flow rle decreases significanily, it is considered that condensate is
being pilfered. Thus concerned people check the line and find cut leakage. Loss of condensaie
by pilferage is checked.

The amount of condensale loss saved due to SCADA system is quantifiable.
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£1.5 Yoice Communication

Voice communication was done by T & T and mobile phone systems within compenies and
among different companies during pre SCADA system. GTCL spent huge money for this

cornmunicalion.

After SCADA syslem, voice communicalion is done by Lhe SCADA syslem within
companies; inler companies and with petrobangla as well, It also provides fax facilities.

The amount of money thus saved is quantifiable.

5.1.6 Decision Making

It was very difficult to record the 2!l data. Due o lack of data it was not possible to get the
flow and pressure profile. So management faced problems for planning and forecasting for

constructing a new pipeline,

After SCADA system, all real time flow and pressure data are monitored instanlaneously in
the systemn. All pressure and flow data are stored in the computer. One or two year back flow
data can be delivered from the sysiern within short time. The pressure and flow profile can be
monitored in the sysiem. So the management can do analysis easily with these dala and reach

a decision quickly.

Decision meking is intangible benefiL How much decision making is improved due to
SCADA system, is difficult to quantify.

5.1.7 Accuracy of Data

The operators manually would collect the field data during pre SCADA syslem. When they
would lake readings (here would be wrong. At the time of recording the readings in the log
book, Lhere was a possibility of mistake, So every stage Lhere was a possibility of mistake,
After SCADA system, all field data are sent to control centre by microwave backbone. The
real time data are viewed in the system. So the accuracy of the monitored data is high.

Accuracy of data is intangible benefit. How much accuracy of data s improved due 1o
SCADA system is not quaniifiable.
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5.1.8 Hilling Period

Before SCADA sysiem, billing was done manually. Without use of SCADA system,
marketing companies have lo inserl and withdraw charl recorder on daily basis and
consumption data &l fowing temperature and pressure are taken. From Lhese pressure and
temperature data, pressure and lemperature factors ere calculaled. By multiplying the daily
consumption with pressure and temperature factors, consumption will be found at standard
condition. The daily consumptions are then added to calculate the monthly consumption for

billing of bulk customers and the fotal process is very lime consuming.

After SCADA system, the consumptions of bulk customers are monitored instantaneously. So
marketing companies can prepare bill for bulk customers within shorl lime by taking the
consumption report from SCADA control room.

The amount of billing period saved due to SCADA system is quantifiable.

5.1.9 Gas Compositions

Gas compositions data were not always available during pre SCADA system. Jalalabad gas
field and Sangu gas field would send their gas composition report at the end of every month.
In Ashuganj there is also a gas Chromatograph; GTCL would prepare a gas composition
report once per month. -

All Chromatographs are interfaced with the SCADA system, so the 1eal time dala of pas
compositions are monitored instantaneously. Now all company can monitor the gas
compositions from theit Operaling Company Terminal (OCT). So the transferency of the
quality of gas is increased. Now the gas compositions report can be delivered within a short
Uime.

The level of quality increased due to SCADA system is difficult 10 quantify.

5.1.10 Daily Gas Repori

Daily gas report is automatically generated from the SCADA system that conlains daily gas
intake, off-take and dispatch scenario of different pipelines.
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Before SCADA system, there was no daily gas report. So it was difficult 1o know the inlake,
offtake and dispatch status of differert pipelines.

Under SCADA system, a daily gas reporl is automatically generated everyday in the morning.
So the intzke, off take and dispatch status for 24 hours are found from (his report.

The benefit derived from erystal repori due to SCADA system is not quaniifiable.

5.1.11 Operational Capacity

During pre SCADA system, operational capacity was less due to tack of improved
information. More time was required to get the responsc of any problems. It was alse difficult
to maintain the load of different pipelines.

After SCADA sysiem, opetational capacity incremses due to available of improved
information. The real fime flow and pressure data of gas end condensate are monitored

instantaneously.

How much operational capacity is increased due to SCADA system is not quentifiable.

£.1.12 Cathodic Protection

Before SCADA, the reading of Pipe to Soil Potential (PSP) of cathodic protection system was
coliected manually. So meny operators were engaged 1o collect Lhese data. GTCL alse spent a
lot of money for this purpose.

Calhodic protection system is counected with the SCADA. Now the real time reading of pipe
to soil potential (PSP} of cetaodic prolection system is monitored instantaneously, By
monitoring the real time data of CP one can understand Lhe status of the pipeline and take

remedial measures quickly in case of abnormal protection.

The number of manpower saved from Calthodic protection due to SCADA system is
quanlifiable.

Table 5.1 is a summary of the points discussed in this section.
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Table 5.1: Comparative Statement of Benefits of Pre and Post SCADA System

found. Different types
of dala are collected
manually that results
less accuracy of dala.

lhat results high accuracy
of data.

REmarksn
: P L
] B AR R e
Response time | [t took more timeto gel | It takes less time to | Quantifiable
response of readings of | monilor the readings.
flow parameters.
Operational 1¢ss operational High operational capacity Not
Capacity capacity due 10 lack of | for improved information | quantifiable
improved information | of flow parameters.
of flow parameters.
Manpower A large nwmber of Less manpower is Quantifiable
manpower is required to | required to collect the
collect the informetion. | information.
Liquidated Liquidated Damages Liquidated Damages are | Quantifiable
Damages were claimed due to gas | not claimed.
Crisis,
Condensate Condensate loss  was | Condensate loss i3 lecs Quantifiable
Loss high due to lack of | duete improved
information. information.
Voice Voice communication | Voice communication is | Quantifiable
Communication | was done by T&T, dene by SCADA system
Mobile within within companies, inter
companies and inter companies and
compenies which was | Petrobangla as well.
very expensive,
Decision To reach a decision is | Decision making is casy Not
Making difficult in this system. | in this system. Different | Quantifiable
types of data ar¢ required
{for planning and
forecasting.
Accuracy of Instantaneous flow Real time data are Mot
data parameters are not monitored in the system | Quantifiable
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Table 5.1: Comparalive Statemnent of Benefits of Pre and Post SCADA System (Comid.)

9 [ Billing Period | The data was collected | The data is generated Quantifiable
manually so more time | automatically in the
was required for billing | system so more rapid
especially for major | billing can be done
power and fertilizer | especially for power and
CUStomeTs. fertilizer customers.
10 | Gas Gas compositions are | Gas compositions are Not
Composilions | not always available. known instantanecusly. quantifiable
11 | Daily Gas No daily gas reports. Daily gas reports Not
Reporis containing data of hourly | quantifiable
basis of gas intake, off
lake and despatch of high
pressure lines are
automatically generated
everyday in the moming
from the system.
12 | Cathodic Pipz to Scil Potential | Cathodic protection Quantifiable
Proteclion (PSP)  reading  is | syslem is connecled with

collecled manually. So
more time is needed to
collect Lthe data,

SCADA syslern. So real
time data is monitored
that resulls saving of
manpower.

The quanlifiable items are explained in more delails in chapter-6. These are used in Lhe
financial analysis.
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Shortcomings of the System

SCADA syslem was not implemented fully, Some measuring parameters are not
monitored/controlled due to lack of infrastructure of grid line. Only GTCL high pressure lines
are covered by the SCADA system. But some high pressure pipelines owned by the

distribulion companies are not covered by the SCADA system that creates problem for proper

load management. Before going to shortcoming of the SCADA system a brief discussion of

the infrastructure of part of grid line is given below.
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From the fgure 5.1, it is shown Lhat gas from Kailashtill Gas Field (KTL GF), Beanibazar
Gas Field (BBGF) and Jalalabad Gas Field (JBGF) is added to the North-South (N-3)
pipeline. At inlake points of N-§ pipeline, there are ne meters, how much gas is added to the
line is not known. Gas is supplying to 90 MW power station from N-8 pipeline. How much
gas i3 withdrawing is not known as (here is no meter al off take points. After off take of 90
MW how much gas is remaining, is not known. Fencﬁuganj Gas Field (FGF) is adding gas to
N-S. There is no meier at intake poimt of N-S. So how much is adding from FGF is not
known. Seme incident is occurring for the case of Rashidpur Gas Field (RGF) and
Moulvibazar Gas Field (MGF). At Muchai manifold the event is very difficult. There is a
Rashidpur-Ashuganj loop line. At Muchai, gas from Bibyana Gas Field (BGF) is added. At
Muchai, there is & valve connecling between N-8 and loop line. Afier Muchai manifold how
much gas is flowing throngh N-8 and loop line is not known. Same event is occurring for the
case of Habiganj Gas Field (HGF) and Titas Gas Field {TGF). There is also a connecting line
between the N-S & loop line. The valve of connecting line is always opened and there is no
meler. So how much gas is flowing through N-§ & Loop line is not known. Gas from N-3
pipeline and part of gas from loop line enters into Ashuganj Manifold Station (AGMS)
without metering. A part of loop line goes Lo the B-B2 by metering. The remaining of the loop
line gas flows through the A-M line without metering. Afler AGMS gas delivers through A-B,
B-Bl & VS3 lines by metering. Tolal intakes of AGMS are calculated by summing up all
production of the gas fisld connecting with the N-5 & loop line. Total off takes are calculaled
by summing up all consumption of the customers connecting with the N-§ & loop line. Net
Iniake of AGMS is calculated as deducting total ofF take from total inlake.
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Figure 5.1: Flow Diagram of a Part of Grid Line
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The shoricomings of the SCADA system installed in GTCL are discussed below.
5.2.1 Remote Conirol Valve

SCADA means supervisory conlrel and data acquisition. In SCADA system of GTCL there is
no supervisory coatrol, Only monilorng is done. Actually, the actuaiors are not yet tested
whether it is functioning or not by giving command from the control room of SCADA. The
high authority advised not to control the valves remotely. They think that if the actuators are
controlled by SCADA sysiem, unwanted situation may occur. As for example, if a command
is given from the comtrol rom to actustor ko open 50%, but it does not function accordingly,
the demand of the customers will not be served. To avoid this type of problem the actuators
are not yet conlrolled by SCADA syslem.

The actuator can be tested in & dummy or parallel line by SCADA system. If it works
successfully, then actuators can be run in live pipe line by SCADA system.

If the actualors are controlled by SCADA system, Lhe systemn will be implemented fully and
lhe proper load management will be ensured. '

52.2 Leak Detection

Leak detection software calculates and determines the presence of leak and determines the
corresponding size of the leak under flowing condition, Leak location at various points i.e.

leak location minimum, leak location average and leak location meximum are provided.

" Updating of leak size and location Lakes place once every 30 seconds during leak situations.

The results are only presented lo the operator after a leak waming.

The Pipeline Application Software (PAS) for leak delection shown in the figure 5.2 is mot
working in the SCADA system due to problem of national gas grid. To find ont the leak of a
pipeline the pressure of upstream and downstream and flow rate of that line are needed. But
there are no metars at the most of Lhe intake and off take points, Meter should be installed at
ihe intake and off take points to get Lhe data. If the dala are available, the software will run. If
the leak is detected easily by this software, the loss of gas will be less and saves Lhe pipeline
from accident such as fire,
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Line Peck is the amount of gas that always remains in the pipeline from the purchase figure.
With the build up line pressure the amount of gas packed incrcases in the pipeline. As
pressure is always changing in the pipeline and pressure is higher in the lean hour than the
peak hour. This line pack is higher in the lean hour. Line pack is always changing. There is
softwnre of line pack in the SCADA system which is not working shown in Lhe figure 5.3 as
most of the intake and ofT-take points there are no meters. So it is not possible to find owt the

upstream &nd downstream pressure of every pipeline. . |
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Figure $3: Screen Shot of Line Pack by SCADA Sysiem .

Meter should be installed ai the intake and ofT take points of the pipelines. If the soflwere for

line pack works, the line pack, line pack rate of & section in a pipe line will be known and

excess line pack of pipe line will be diverted into the other pipeline where there is demand of '
gas. Moreover, the pipelines will be saved from over pressurized by diverting gas.

v

534 Load Scheduling

The load echeduling tool is a predictive analysis running with flow control at afl inlets and
outlets in order 1o predict any violations of pre-defined limits on inventory or pressure.

The load-scheduling models initielly copy the state of the real time model. All boundary
corditions are taken from the nomination time series. The load scheduling model runs ahead

T2 -




of real time compleling a 24 hours calculation of the enlire network in a matter of minutes. If
there is any alarms, load of different customers will have 1o be revised and will run for 24
hours. If everylhing is ok, it will show normal.

In the SCADA systern the softeare for the load scheduling is ok. But the problem is in the
national gas grid. Meters are not available at the most of the intake and off-take poinis that
resutls non-functioning of the software for load scheduling.

Meters at intake and off lake points should be installed 1o run the sofiware of the load
scheduting. If the software works, the custorners witl know how much load and pressure they
will get and they also take action accordingly.

5.2.5 Load Balancing

Load Balancing is configured to run cyclically. It is a prediciive analysis with flow control at
all boundaries. The flow readings are copied from real time and are maintained throughout the
run. Tt is initially suggested that this is once per hour, running for maximum 4 hours, The
boundaries for load balancing are maximum/minimum pressures and maximum/ninimum

invenlories for all pipelines.

If the current operation of the network leads to & violation of pre-defined limits on inventory
or pressure at any of (he joints within the 4 hours period, this is highlighted 1o the operator
and informalion about location and type of violation are pravided. Information regarding the
toad balancing is 1o be transferred to the SCADA as described above for load scheduling.

In the SCADA system the software for the load balancing is ok whicli is shown in the figure
5.4, But the problem is in the national gas grid. Meters are not availsble at the most of the
intake and off-take points that results non-functioning of the software for load balancing.

This enables the operator 1o take preventive aclion before any critical situation arises or

depending upon the severity creates the need to reschedule the nominations for remainder of

Lhe day.
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Pigging is done before end efter commissioning of the pipeline to clean the inside of the
pipeline. In pipeline, different forcign matters, dust ctc mey eccumulale.

As 1 result, the flow capacity of pipeline decrenses. To avoid this problem and supply clean
fuel, pigging it undertaken in pipelines. Different types of pigs such as foam, brush and cup
are used in the pipeline, When the pig moves along the pipeline, status of pig i.e. its departure
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from the pig lmmcher, possible location of the pig based on different input parameters and
errival af receiver, are monitored n the SCADA system.

In GTCL an line pipging has nat yet been dane. So the plyging is not tesed Ll pow.
5.2.7 Pipeline Ffliciency

The purpose of this function is to detect whether the pipeline friction losscs in any particuler
section have excesded defined limits, This then gives an indication as to when “pigging" of
the pipeline may be required in order to increase through put and reduce transportation cost.
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The function calculates the ratio between the actual Friction factor and the ‘theoretical’
friclion factor (Colebrook-White) to derive the ‘pipeline efficiency factor’. The calculation of
the actusal frictian factor is based upon the Aow and pressure measurements at the end points
of the pipeline section. The figure 5.5 shows the pipeline efficiency,

The software for pipeline efficiency is not working as the flow dala at the end poinis of the

pipeline section are not available.

To run the software of pipeline efficiency, meter at inlake and off take poinls of the pip¢line
should be insialled.
If the software runs, the sisins of the pipeline will be known which will be helpful in

delermining the necessity of pigging.

518 Trained Manpower

SCADA is a sophisticated lechnology. There is a lack of trained personnel in GTCL who are
expert of well conversant with this technology. Due to this reason some lechnical parts of the
SCADA system are not run.

Exlensive training of GTCL personnel in different stages is necessary to denve full
advantages of the SCADA system by keeping al} the options and facilities in operation.
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CHAPTER 6: FINANCIAL ANALYSIS

GTCL introduced SCADA system in 2004 wilh an inilial investment of around USS 27
million. No financial analysis was done befors implementing the SCADA system and no such
evaluation has been carried in this regard till now. This study sims at evalualing the financial
aspects of the SCADA sysiem. To find out the financial parameters, a cash flow analysis is

carried oul The calculation details of this analysis are given below.

6.1 Calculation of Cash Qutflow

A. Invesiment Cost

Many items are included in the investment. The iterns and their cost are given in Lhe following

table 6.1

Table 6.1: Invesiment Cost

. L
1 Land Acquistion ﬂm}
2 Lend Requisition . : 0.00
3 Soil & Sub-surface Investigation 0.00 0.00 0.00
4 Civil construction 0.00 0.00 0.00
5 | Mechinery and Equipment 0.00 6219.45 6219.45
6 Transport Vehicles 3.73 0.00 3.75
7 Manpower 130.00 0.00 130.00
Cost of Engineering Design and
8 construction supervision 0.00 2967.75 2967.75
Consultancy
g |Installationof SCADATelecom | yopg 5p | gg87.79 [ 811579
systemn
Office Rent, Electricity,
Telephone, Water Supply, Office
10 g tafilsmeries, Pﬁnﬁnglﬁ e £5.00 0.00 85.00
miscelianecus
11 Interest during consiruction 175.00 {.00 175.00
12 Allowance for unforeseen (.00 0.00 0.00
13 Cost Escalation 100.G0 0.00 100.00
14 CD-VAT/Tax 1175.00 0.00 1175.00
15 Total: 2.896.75 | 16,074.99 18,971.74
USS$ 27,102.485.71

Source: Project Proforma, SCADA Project, 2003
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B. Operuting cost

There are so many iterns under operating/running cost which are given in the lable 6.2.

Table 6.2; Operating Cost
£ e @
1 Services and maintenance 315,714.29
2 { Utility expenses 27,565.7]
3 | Salaries and wages 61,200.00
4 | Administrative overhead 5,142.86
Total 409,622.86

Source: Project Proforma, SCADA Project, 2003, & Salary Statement, GTCL, 2006

Break up of operational cost is given below:

Service and mainlenance cost are $315714.29 {As per PP, 2003). Utility expenses include bill
of mobile phone, land phone (T&T), electricity, Octane, Gas which are shovwn in the
following table 6.3

Table 6.3; Utility Expenses
3
1
2 Electricifty 10285.71
3 Land Phone (T&T) 5485.71
4 Octane 0051.43
5 (Gas 685.71
Total 27565.71

Source: Bill of Utility, GTCL, 2006

Different types of personnel are engaged Lo run the SCADA system. Salary and wages of the '
employees engaged in the SCADA system are given in the table 6.4.
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Table 6.4; Salary end Wages of the Personnel

S
fix . by ks e fH '- Sy e “{:Ik}lgés

i Manager 2 25,600,060 50,000.00

2 Deputy Manager 5 20,000.00 100,600.00

3 Assistant Engineet 7 15,000.00 105,000.00

4 Assistant Technical 6 12,000.00 72,000.00

Officer/Telecom Opetator
5 Cleaner/Attendants 10 30060.00 30,000.00
Total Monthly Salary {Tk) 357,000.00
Total yearly salary(US$) 61,200.00

Administrative overhead is agsumed to be Tk 30¢,000.00 per month.

62 Calculation of Cash Inflow

After implementation of the SCADA system, manpower is reduced significanlly. The rale of
shutdown of bulk cuslomers is decreased that results savings from liquidated damages. The
pilferage of the condensate is decreased due to SCADA system. These are the savings for the
SCADA gystem, which are discussed below.

6.2.1 Savings from Site Offices

Due 10 implementation of SCADA system different types of dala i.e. pressure at inlet and
outlet, flow rate of gas, flow rale of condensate, condensale pressure and temperature of gas
and Pipe to Soil Polential (PSP) are monitored in the SCADA syslem. Valve status 1.e. open
or close status of valves can be monitored from SCADA system. The flow parameters are
updated in every hour, Before implementing of SCADA system, the How parameters of gas
and condensate and Pipe to Soil Potential (PSP) were collected by mobile/T&T, from 67
melering/valve stations. To collect flow & PSP dala, four operators and four
cleaners/attendants were engaged at every melering/valve station. The amount of cost to be
required to collect flow parameters from 67 metering/valve slations which are monitored In
the SCADA system is shown below. After implementation of SCADA the amount that is

gaving from the site offices is given in the table 6.5.
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RSING R A I
1 Manpuwe:r {skllle:d) 4 nos. 4 63,104, {}U

2 Manpower {unskilled), 4 nos. 2,31,552.00

3 Mobile eall for data collection 02,268.57

4 House Rent 2,29,714.29

5 {tility Expenses 57.428.57

6 Administrative Overhead 57,428.57
Total 1,131,4%6.00

Average salary for each operator (skilled) = Tk. 10,000.00/month
Average salary for each cleaner (unskilled} = Tk, 5,000.00/month

Flow parameters will be collecied at every hour from 67 metering/valve station. It is assumed
that 5 minutes will be required at every time to collect flow data The rale of mobile call is 2

Tk/minute.

The amount of cost required at every station = 5x2 Tk/hr

= 5x2x24x30x 12 Tkfyenr

= 86400 Tk/year

Cost required for 67 slations = 5738800Tk/Year
The cost of each mobile set = 10,000 Tk
Total cost including set = 6458800 Th/year

= 02268.57 ¥ycar

House rent for each station is assumed Tk 20,000.00/month.

Utility expenses inciude electricity, land phone (T&T) and gas bill which are assumed
Tk.5,000.00/month for each station. Adminisirative

T.5000.00/month for each siation.
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6.2.2 Savingy from Liguidated Damages

There are pes supply agreements with the government fertilizer factories, multinational
fertilizer company (Karnafully Fertilizer Company limilcq:i) end the multinational power
company, CDC Meghnaghat! CDC Horipur. There is no gas supply agreement with Power
Development Board (PDB). In gas supply agreement there is a Liquidated Damages (LD))
clause. If the seller fails to supply gas to the buyer for five (5) days or less per year, the seliet
shall not be liable to pay any compensation. If failure days are more than five (5) days per
year, the seller shall have to pay. The particulars of Liquidated Damages (LD) clause with the

different companies are given in the table 6.6

Table 6.6: Particulars of Liguidated Damages with Different Companies

p 5 Up to 5 days per year

Compensalion | days per agrecment
year : between
pas
COMpany
and PDB
Penalties 60,000/~ | 1¢ (Ten) hours average US$ 3.00/Kw/month

{Sixty supply of gas at the floor
Thousand | price per commenced day
per day) | of failure to supply
starling on the sixth{5}
day and for any .
subsequent day of failure

to supply

Source: Gas Supply Agreement between TGTDCL & CDC Meghnaghal, BGSL & KAFCO

Savings in Liquidated Damages from Fertilizer: Gas from Sangu Gas Field is fed o
Chittagong region. Only Sangu gas is not sufficient o fulfill the demand of Chittagong
region. So Lhe significant amount of gas is supplied to the Chittagong region through nalional

gas grid. During pre SCADA systern, when the production of Sangu Gas Field remained
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suspended, the production of CUFL was also suspended for most of the Lime due 1o gas crisis.
It happened because efficieml load management was not possible at that time. After
implementation of the SCADA system, the real time fAow data of the huli( customers and the
gas fields are monitored. If the production of Sangu Gas Field is suspended Lhe significant
amount of gas is diverted quickly to Chitlagong region through Lhe nalional gas grid by proper
load management through SCADA system. Thus most of the time, CUFL is in running
condilion although the production of Sangu Gas Field is suspended. At pre and post SCADA
systern the shut down status of Chittagong Urea Fertilizer Factory Limited (CUFL} is given in

the table 6.7.

Table 6.7: Shuldown Status of CUFL ot Pre & Post SCADA

o e o e S g L i
1 aintenance shutdown 50 40
2 Mechanical fault i5 11
3 Gas ctisis due to operational i2 4
problem of gas field
4 Shut down due to lack of load 34 8
management

Source: BGSL, 2005-2006 & GTCL, 2002-2003

At post SCADA the load management is done efficiently. So the rate of shnldown at post
SCADA is less than that of pre SCADA. During pre SCADA (2002 & 2003) and post
SCADA (2005 & 2006), the rale of shutdown was 34 and 8 days respectively, 5o the savings
of shut down period are = 34-8 = 26 days for two years. The annual savings of shut down
pencd is 13 days.

According to gas supply agreement up to 5 days of failure per year due to gas crisis, there is

no compensation. So Lhe seller has to pay the compensation for = 13-5= 8 days per year.
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So the amount of Liquidated Damages (LD) : Tk 60,000x 8 /year
= 4, 80,000 Tkfyear
= 1J85$6,857.14 fyear
There are also four other government ferilizer factories such as Gorashal Urea Feriilizer
Factory Limited (GUFFL), Zia Fertilizer Factory Limiled (ZFCL), Jamuna Fertilizer Factory
Limited (JFFL) and Polash Urea Fertilizer Factory Limited (PUFFL). These fertilizer
factories were out of production due to gas crisis before SCADA sysiem. So savings of 8 days
shut down are assumed for each of the fertilizer factories.
The amount of LD for other 4 fertilizer factories = 4,80,000x4 Tk/year
= 1,920,000 Tkivear
=27,428.57 US§/year
Total Liquidated Damages of fertilizer factories are given in the lable 6.8

Table 6.8: Liquidated Damages of Fertilizer Factories

SN v PRty ean (1SS
1 6,857.14
2 | ZFCL, JFCL, PUFFL, GUFFL 27,428.57
Total 34,285.71

Savings from Liquidated Damages in Power Station: Raujan Power Station is the largest
power station in Chittagong region. It consumes around one third of total gas demand in
Chittagong. When the production of Sengu Gas Field is suspended, there is a shortage of gas
in Ravjan Power Slation. During pre SCADA system, efficient load management was not
possible. So the Raujan Power Station would go to shut down fully or partially when there
was an operational problem of Sangu Gas Field. After implementation of the SCADA all real

time pressure and flow data are monitored, If the production of Sangu Gas Field is suspended
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the gas from nalional grid is supplied to Chittagong region to run the Raujen Power station
partially during post SCADA system. So the rate of shuldown el post SCADA is Jess than that
of pre SCADA.

There is & gas supply ogreement with the Independent Power Producer (IPP) ie. CDC
Meghnaghat and CDC Horipur. Gas Supply Company gives priority to supply gas to IPP to
avoid Liquidated Damages. If there is crisis of gas Lhey stop to supply gas to govemment
sector and try o supply gas to private sector. Till now CDC Meghnaghat/CDC Horipur did
not claim any Liquidated Damages from the ges supplier. There is no gas supply agreement
with PDB. Most of the power slations of PDB were out of generation due Lo gas crisis at pre
SCADA. PDB is privatizing now so there will be gas supply agreement like IPP. Applying
IPP’s LD clause for PDB, ihe calculation of LD is given below. The shutdown status at pre
and post SCADA of Raujan Power Station is given in table 6.9.

During pre SCADA (2002 & 2003) and post SCADA (2005 & 2006), the rate of shutdown
was 42 and 10 days respeclively. So the savings of shut down period are = 42-10 = 32 days

for two years. The annual savings of shut down pericd is 16 days.

Table 6.9: Shutdown Status of Raujan Power Station st Pre & Post SCADA

T S Rel oW PEno (DB A B o
ke T W&*{z&m&m&ﬁ)‘? f&P&&fﬁGﬂ:ﬁ*@m}s&zuuﬁ}%
1 Mamtcnance shutdown 50
Mechanical fault 15 i2
3 Gas crisis due to 10 6
operational problem of
gas ficld
4 Shut down due Lo lack 42 10
of load management

Source: BGSL, 2005-2006 & GTCL, 2002-2003
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According to gas supply agreement there is no compensation up Lo 4 days failure per year. So
the sefler has 1o pay the compensation for = 16-4= 12 days.
The capacity of Raujan Power Station: 360 MW
So the amount of Liquidated Damages: US$ 3.00/kw/month (As per Contract)
= JS$ 3.00x360x1000x12/30/ year
= [JS% 432000/year
So the other power stations of PDB were out of generation due to gas crisis. Assuming 12
days savings of shutdown for olher power station, he calculation of Liquidated Damages is
given here,
Liquidated Damages for rest of the power station of PDB {2200 MW)
= [JS$ 3.00x2200x1000x12/30/year
=US$ 2,640,000/year

Tolal Liquidated Damages for PDB are given in the lable 6.10

Table 6.10: Liquidated Damages of PDB

1 Raujan Power Station {SEHMW} 432,000.00
2 PDB (Others-2200 MW) 2,640,000.00
Total 3,0072,000.00

6.2.3 Savings from Condensate

Before implementation of SCADA system, the flow rate and pressure of condensate was not
monitored properly. So there was a lot of condensate pilferage through purging of condensate
line at that time. At the purging point, huge amount of condensate as well as wheeling charpe
were lost. Moreover GTCL required a lot of money Lo repair the purging. There were total 14

purging points in 2003. So the amount required due to purging is given in the table 6.11
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Table 6.11: Tolal Cost due to Purging of Condensee Line in 2003

B 4 1 i
£ -,
g a3 % iy e T
1 25288 379320 25288 | 14000 | 20000
2 120255 1803825 120255 | 14000 | 40000 | 1978080
3 9926 148850 9926 | 14000 | 10006 | 182816
4 180500 2707500 180500 | 14000 | 30000 | 2932000
5 30000 450000 30000 | 14000 | 15000 | 509000
6 16500 247500 16500 | 14000 | 17000 | 295000
7 124000 1860000 124000 | 14000 | 32000 | 2030000
8 65000 975000 65000 | 14000 | 14000 | 1068000
9 16700 250500 16700 | 14000 | 13000 | 294200
10 80200 1203000 80200 | 14000 | 24000 | 1321200
il 163000 2445000 163000 | 14000 | 28000 | 2650000
12 23000 345000 23000 | 14000 | 18060 | 400000
13 43000 645000 43000 | 14000 | 23600 | 725000
14 19800 297000 10800 | 14000 | 18000 | 348800
15172704
Total Cos{US$) 216,752.91

Source: Condensate Report, GTCL, 2603

ARer implementation of the SCADA system, the reat time dala of flow rate and pressure of

the condensate can be monitored. The gas fields supply the condensate at a certain rate. If the

flow rate varies significantly, it is considered that condensate is pilferaging from the line. So

the concerned people check the line and find out the purging of the line, Afier SCADA system

the frequency of pilferaging the condensats is less. So the amount of condensate loss is also

less. There were & purging points in 2005. The loss of condensate was in tolerable limit. So it

was not taken into account for the calculation. Hence, cost of repair clamp and repair cost

were taken into account. So the amount required due to purging is given in the able 6.12.
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Table 6.12: Total Cost due 1o Purging of Condensate Line in 2005

1

3 : 3 o5 ,g

i o = L : X e, - g gi-\ ‘::
£oB v SATBeRe SR %% »&}5
s

- - - 14,000 | 22000 | 36,000
- - - 14,000 | 30000 { 44,000
- - - 14,000 ] 24000 | 38,000
14,000 | 18000 | 32,000
- - - 14,000 | 28000 | 42,000
- “ - 14,000 | 30000 | 44,000
236,000
Total Cost (US$) 3,371.43

ARk

O [ty | o | T | By | bt
[}
1
1

Source: Condensate Report, GTCL, 2005
So the saving from condensate afler implementation of SCADA
=US$(216752.91 -3,371.43)
=1S$ 213,381.49
Total Cash Inflow = Savings from Site Offices + Savings from Liquidity Damages
(Fertilizer) + Savings from Liquidity Damages (Power) + Savings from Condensate

= (1,131,496.00 + 34,285.71+ 3,072,000.00+ 213,381.49) $/year

4,451,163.20 S/year
6.3  Gaus Sector Perspective

6.3.1 Net Present Value (NPV)

Net present value (NFV) is the difference between an investment’s market value and its cost.
Net present value (NPV) of an investment project can be derived as the difference between
the present valug of benefits (PVB) and present value of costs (PVC) ie. NEV=PVB-PYC. In
other words, NPV is the difference between Lhe present value of all cash inflows and present
value of all cash ontflows.

Total life of the SCADA system is assumed 20 years

Net Cash Fiow = Cash Inflow — Cash oulflow - Tax

For year 0 ; Net Cash Flow=0-§27,102,485.71-0
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=- $27,102,485.71
For Year 1: Net Cash Flow = $4,451,163.20-$409,622.86-52,448.139.76
=$ 1,593,400.58
Similarly
For Year 20: Net Cash Flow = $11,247,867.72-51,035,096.56-86,186,327.24
=5 4,026,443.91
Now, depending on the discount rate (i), present worth factor will be diflerent
For example, present worth factor at a discount rate of 15% for different future value are as
follows:
For year 0 : present worth factor = 1/(1+0.15)" =
Similarly,
For year 20 : present worth factor = 1/(1+0.15)* = 0.061100279
Net cash present value is calculated by using following formula
NPV = (b - Co ¥{1+1g) + (b1 = CO/(I41) + veoveme (b — Co Y(H0)  (6.1)
Where,

b; = benefits derived from the project in year i. i
Ci = Cost (investment, operating and other associated expenses)
incurred by the project in year i.
r = discount rafe
I = {ime period which runs from year zero to year n.

i
W = present worth factor = Discount factor

NPV = (0-27,102,485.71/(1+0.15)"0+(4,451,163.20-409,622.86-

2,448,139.76Y(1H.15 1+, +{11,247,867.72-1,035,096.56-
6,186,327.24)/(1+0.153) ~20

=-27,102,485.71 +1,593,400.58.............. +6,186,327.24

= -1US$13,751,656.77

Net Present Value (NPV) is calculated at different discount rate. At discount rate 6%, §% & -
10%, NPV is found $413,826.85, -$4,224,454.29 & -$7,803,083.92 respectively which is
shown in the mble 6.13.

88



68

W ORI WEHEA W HITA KL

LU LELE 26 CROLOR L S rIrFiLr SRR TLY AN

58 9109 W L GO5E8 Sk 0 ZEINWC LZo ¥z FIFGESZ L 37 LACFraclF | Foito ool @ | TL 20540 b | 95 S50'SCOL o
20 IrreR LYY aF SO0 LLe FTY] AT T B2 0 50 TP Lz €0 EYRDLYEEE | SCOFPLGBEE | JBPSZCAITN | SC 00 OB 8l
Y90l 9z [TiFT] v L0 5D al'0 IESLAELE A ZLVEF BT b S5L0 ZEEQL TG E IS ER AT Aol BES T

i FIT ELL SO0 FF Y T oz o CY ] iz0 CTFF YT 0 YO OB UIFE | LOCUBEIES | FOMCEWMLS | ERawr bl il
=T (] YLOMGEL ZZ 0 ST S08'eR6 (T3] SO'EIEEOR | [T4)] ICERSZITE £LBOFEEDS | W OYILETE [TENTT] #l

& DLLIRE LA T8 BEL GGL 20 L CEs o ZE0 LD ¥ 0 BLICRFGVE | LZEFLZVAF | Cawsacid® | FENZIDMLE 50

06 GES ¥TF i TOEOD bBL S0 =T =) 20 SORREE ™o PP FOE | FZELRMAF | ZOZEEEOEW OB ¥OF ZLL ¥l
IR YT FT] GO BLEEE 8z 0 T¥ FIL 0T Ty ¥ LG I b iva TEUITIORE | ICAOGESCF | SREFGOEL | O GLNShL !

0L 8STa0E (Y% T OSE'0ER Ze'n =X T oo WVEEFSE o0 TrasTsELE CLBFLIRLF | LOASATTIRY 20 PR5 00 Zh
[T - [E41) AF'ROL 804 5270 T EF GL IR LKL E50 S Her GAET 0O RIRE | THSIFOSTL A IET 100 T
TITHG PR S20 Y =T g BOZEEFFL L [Tai] OB FaZ QT 950 WISV ILFT | SENCRIBLE | JOSICS08T | D5 06F 5w i
TG Mt ST0 ATy TT] Tr o [ A 050 [T 8570 JERILMELE FLVLITS | (ReATEIST 5851509 []

I TR ZTL TED Fo IFD FLECL LT ¥5 0 SE S0 WK | v 0 TOFLDEILE | Ar9LLPFFL | ZORRCEOE W | U5 OWC 0.9 T

15 bh 200 gc0 | FCIGLEEnL 150 CF AL I BG 206 O2¥ b 90 ILGOESEFE | EF P OGZE | OFFEG SRS TN Fi
IFEELBIR £ro vanairl | 850 Br OES 1ET 1 £¥0 LT EEY L alo ELIEWEEDE YOOLGPLHE | ZG /L5 D9RS [T TN A ]
) 050 ZEORZ0E | Y] TRSFLAE L T YO LFr L Y] IRURISESE | DVBELSIBE | QROLFOLYS | PLESTISE 5
AEEERFSD) FLY ] FEEGEEST | T 6 aa 9% L *Ia C L (Y57 GO OO Pl | B IZ0MeE | OWLLLTELS o ML r
YO PLTEEL L T SEZEEBIE b sS40 EEEIE L ¥ LY BIETIF L o FIFCLEGLL | BOYIOBRSZ | CFLOPLOEF | OF B0 LSK H
GLIR0SEE b Ty B8 20 THE 1 o PE UL FCF L W RO ERF 850 IWUOELFT | SL9FG0I5Z | QELZLELS Y | OO FOLOEY Ed
FIE T =T A [T ] T MR LF B a0 AT T A ) PIOOFESS L PLECLEFFZ | UCEOT bGFF R 1
(WR=T4-0 N7 oL LIGRFZeL 22 Dok 1SRy Zol i G LISRPZOL T (o (W= T T 7 3 [ 0o'd LLGRFEDLLE | g

{Denma ey Hﬂs_ E!._.__._I...__._: P ﬁ!lﬂ wom | (Deneamenag | miom
Jumenj - Ll T g ($hoy - [ bvou [shoy 1wy
%51 %0k % [T s uj ywrD Pl 0 MGl

Y HTNIEH] JOAIJIT * AJN £T9 IqSL




6.3.2 Intermal Rate of Return (IRR)

The Internal Rate of Return (IRR) is that discount rate at which Net Present Value is zero and
benefit cosl ratio is one i.e. it is the discount rate (hat equates ihe present values of project’s
benefils emd costs,

IRR is calculated as follows:
P NPVb
= (6.2)
I, NPVIJ - HPVE
NPY
* - s - —_—
r IRR =ra + (rb-ra) x NPVa-NPV,
={.06 + {0,08-0.06) x 41 3.826.85/(413,826.85+4,224,454 .29}
= (3,062 B
[RR = 6.2%

6.3.3 Profitability Index (PI) or Benefit Cost Ratic (BCR)

The benefit-cost ratio (BCR) or profitability index (PI} is the present value of an investment’s
future cash inflows divided by the present valus of its cost. The Benefit-Cost Ratio (BCR) is
derived by dividing present value of benefit (PVB) by present value of cost {PYC)ie. BCR=
PYR/PVC. The benefit cost ratio indicates benefit per taka of cosL.

Profitability index (PI) or Benefit Cost Ratio (BCR) a1 15% discount rate is 1.22 which is
shown in the table 6,14
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Table 6.14; Benefit Coxt Ratio at 15% Discount Rate

Year | Total out fiow($) T“t,',’ufd';;‘ in P:TE ' m:";"'o:['ﬂ NPV of Iflow($)
a 27,102,485 71 0.00 1.00 2162 48571 0.00
1 409 622.86 4 451 183.20 0.57 356,193.79 3,870.576.70
2 430, 504.00 4,673,.721.36 074 325 22042 3,534,004.81
3 451, 60520 4,507 407 43 0.55 206,940,238 2,276 700.04
4 474,180,668 5,152,777.80 0.57 271,115.48 2,048,117.43
5 457.899.14 5410,41663 0.50 247 543.87 __ 2,685,931
8 827 70410 5,680,937.52 0.43 226.018.32 2 458,026.08
7 £48,933.81 5,554 96440 0.3 208.384.55 2,242,458 58
5 578,380.50 6,263,233.682 033 188,419 B4 2,047 46218
8 505,195.52 6,576,395.30 0.28 172,035.45 4,889.421.55
0 635 459.50 6,905 215.07 0.25 157,075.87 1,708,863.55
11 B67,232.47 7.250,475.82 021 14341710 1,558 440.54
12 700, 554.00 7,812,593 61 a.19 130,848.05 1.422/924.08
13 73582380 7.903.849.59 D16 119,550.43 1,299,191.53
14 FT2A04.90 8,393,332 OF .14 109,162.58 1,186,218.36
15 £11,025.24 881299867 0.12 89.670.53 1,053,068.94
18 851,576 50 8,253,648 81 .11 £1,003.53 988.889.03
17 #54,155.33 9,716,331.04 pog 83,080 18 o2 BoS 58
18 $30.863.0% 10,202, 147.50 0.08 75,864.54 §24,385.75
19 Das 808.25 10,712,254.97 007 9,267 99 752,700.03
20 1,035,066 5% 11,247 867.72 0.08 63,244,893 BA7.247.88
Total 30,534 545 Of 37,295,529 52
BCR 122

6.3.4- Pay back period (PBF)

The amcunt of Lime required to recover the initial investment is the pay back period. If the
future cash flows are not thiscounted Lo caleulate pay back period then it is called normal pay
back peried. But when future cash flows are discounted &t an appropriate disconnt rate, then
the required time to recover the inilial invesiment is called discounted pay back period. The
calculation of PBP is shown in the @ble 6.15.

Initial Investment = § 27,102,485.71
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From the table it is found that normal pay back period is grealer than 12 years but less than 13
years,

PBP = 12-+27,102,485.71-25,362,358.68)/( 28,223,877.19-25,362,358.68) years
=12 +0.61
=12.61 years

From discounted accumulated cash flow column it is found Pay back period is grealer than
life of the project period i.e. 20 years.

6.3.5 Average Accounting Return (AAR)

AAR is a financial indicator which is defined as the ratio of average net income and average

book value. AAR is calculated in the following Lable 6.16

Average Net Income = Total Net Income/ 20

=US$ 33,034,338.65/20
=TUS8% 1,651,716.93
Average Book Value = [nvestment ¢cost/2
=1J5% 27,102,485.71/2
= J5% 13,551,242.86

Average Accounting Retumn (AAR) = Avérage Net Income/Average Book Value
=1,651,716.93/13,551,242.36
=12
=12%
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6.4.1 Market value of Urea

Mational Perapeciive

During pre SCADA (2002 & 2003) and post SCADA (2005 & 2006), the rate of shutdown
was 34 and 8 days respectively. So the market value of urea is saved for = 34-8 = 26 days for
two years. The annual savings of market value of urea is 13 days. During savings of

shutdown, the production of urea was suspended. Same savings of shutdown periods are also
assumed for Lhe rest of the ferilizer factories.

The market value of urea is shown in the table 6.17.

Table 6.17: Market value of Urea

'\: iﬁ-@ 3 -hl-i\
SHiod (D
Liguid ) .
Urea | ‘yps
GUFFL | 1422 | 800 4800 13 88732800 45 64 a7E407 | 51202800
zrcL | 1500 | soo 4800 13 99840000 48 64 sE+07 | 59904000
JFer | 1700 | 1000 4800 13 106080000 50 B4 42E+07 | 54480000
curL | 1700 | 1000 4800 13 10B0A0000 50 64 | 426407 | B4480000
PUEF | 305 | 200 4800 13 18032000 14 64 126407 | 7384000
Total price of urea 247540800

Sowrce: Load Despatch Centre, TGTDCL

Total market price of urea = US$ 3,536,297.143

6.4.2 Market Valoe of Power

Before SCADA system (2002 & 2003), Raujan was out of generation for 42 days and afier
SCADA system (2005 & 2006), Raujan was out of generation for 10 days due to lack of load
management. So the market value of power generation is saved for = 42-10 = 32 days for 2
years or 16 days per year due to implementation of SCADA system. These 16 days are

assumed for other power stations.
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Capacity of the Raujan Power siztion = 360MW
Price/kwh =1.5 Tk

Market Value =360x1000x1.5x24x16 Tkivea
= 2,07,360,000 Tkiyear

Around 95 mmscid gas is required to generate 360 MW power

So total gas required for 16 days = 95x16 mmscf
= 1520 mmscf

Price of gas = 1520x1000x74.6 Tk (PDB Rate =2.61 Tk/cum)
=1,13,392,000 Tk
Market Value of Power (deducting gas price) =(2,07,360,000 -1,13,392,000) Tk
= 03,968,000 Tk (US3 1,342,4000
Total Generation Capacity of other power station of PDB = 2200 MW

Market Value = 2200x1000x1.5x24x16 Tk
=1,267,260,000 Tk
Around 580 mmscfd gas is required to generate 2200 MW power

So tolal gas required for 16 days = 580x16 mmscfd
= 9280 mmscf
Price of total gas = 9280x1000x 74.6 Tk (PDB Rate =2.61 Tk/cum)
= 6,92,288,000 Tk

Market value of power (deducting gas price) = (1,267,200,000 - 6,92,288,000) Tk
= 574,912,000 Tk (USS$ 8,213,028.57)

So total market value of power = USS$ (8,213,028.57+1,342,400)

=1JS$ 9,555,428.57
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Total Cash Inflow = Savings from Site Offices + Savings in national economy from Fertilizer
+ Savings in national economy from Power + Savings from Condensate

Total Cash Inflow = 1,131,496.00 +3,536,297.143+ 9,555,428.57+ 213,381 .49
= TUSS 14,436,603.20

6.43 Net Present Value (NPY)

Net Present Value (NPV) is calculaled at different discourt rate. At discount rale 15%, 20%,
25% & 27%, the net present value is $23,898,169.80, $10,668,083.27, $2,400,760.32& -
$51,134.96 which is shown in the table 6.18.
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6.4.4 Internal Rate of Return (IRR)

IRR is calculated as follows
NPVL

*
rl_ -I

Th —Ty

r* =IRR=ra+{rb-ra)x

NEVhL - NPVYa

NPV,
NPVa—NPVb

= 0.25+ {0.27-0.25) x 2,400,760.32/(2,400,760.32+51,134.96)

IRR

6.4.5 Profitability Index (PI) or Benefit Cost Ratio (BCR)
Profilability index (PI) or Benzfit Cost Ratio (BCR) at 15% discount rate is 4.03 which is

=0.27 =27%

shown in the table 6.19.
Table 6.19; Benelit Cost Ratio at 15% Discount Rate
Your | Total uafiow®) [ TpLCent " PE;r:rr-'t o) NPV of Inflowl($)
ctor

0 27,102 455.71 0.00 1.00 27,102 485.71 0,00

1 400 622 .86 14,435.603.20 0.87 155,192.79 12 553 564.00
2 430,104.00 15,158,433.38 0.76 325,220.42 11,461 ,953.39
3 438708.08 1%5,516,355.03 0.68 250.456.37 10,465.261.78
4 447 430 20 18,712,172.78 6.57 255,848 26 9,556,239 03
5 456,429,589 17,547,781.42 0.50 228.926.28 8,724,348.88
6 45555840 13,425,170.49 0.43 201,273 74 7,565 705 66
7 474 860,57 16,246 425.0% 038 178,521.08 7,273,039.28
B 454, 366,96 20,313,750.48 0.33 158,340 42 6,540,601.06
5 43405430 2132943795 | _ 0.28 140,441.07 £.063 157.49
10 503,935.3¢ 22,395,908 B9 0.25 124,565.12 5,535,525.40
1 514,014,090 23 515,705.30 0.21 110,483.85 5.054,541.50
12 524.254.18 24,631,430 85 0.1% 57,954.37 4.515016.15
13 534,780.28 25 428,065.18 .18 $6,518.74 4,213,710.40
14 545 478 87 27,222,368 44 0.14 77,091.37 3,847,300 80
15 558,385.30 2B 583,486.88 0.12 £8,376.70 3,512,752.60
18 567 512.00 30,012,861.21 0.14 60,647 15 3,207.296.11
17 578, 863.36 21,513,204.27 g 09 5379139 2.920,400.81
18 500,440.62 33.048,950.98 008 47710.52 2,673.757.26
19 602, 249.44 24,743 408,93 007 42347.25 2.441,256.63
20 614,204 42 16,480,577.28 0.08 27.533.56 2,778,97145

Total 20,041,135.24 120,961,810 £0
BCR 403
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6.4.8 Summary of Financial Analysis
The findings of the above two perspectives are summarized in the table 6.22.

Table 6.22; Summary of Financial Analysis {at 13% Discount Rate)

: , L O A e e e
Net Pf&’;% Value | ¢13751,656.77 $23,898,169.80
Internal Rate of )
Return (IRR) s2% 7%
12.61 year 4.11 year
Pay B&%:Pg’encd {Mdﬁﬂmﬁ;ﬂm (undiscounted)/6.45
(discounted) year (discounted)
Benefit Cost Ratio
BeR) 1.22 4,03
Average Accounting o
Return (AAR) 12% o

From pas sector poimt of view, it is found that, Net Present Value (NPV) is negative and
Inlernal Rate of Return (IRR) is 6.2%, which is less (han required rate of return, Pay Back
Period is 12,6 year (undiscounted), more than 20 year (discounted), Benefit Cost Ratio is
1.22, Average Accounting Return is 12%. So these financial parameters indicate Lhat the

project is not feasible.

From national point of view, Net Prcsn:n-t Value (NPV) is positive and Inlernal Rate of Retun
(IRR) is grater than required rate of return, Pay Back Period is 4.11 year {undiscounted), 6.45
vear (discounted), Benefit Cost Ratio is greater than one, Average Accounting Return is 67%.
So Lhese financial parameters indicate that the project is feasible.
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CHAPTER 7;: CONCLUSIONS & RECOMMENDATIONS

The following conclusions and recommendations are drawn from Lhe findings presented in the

previons chapiers.
7.1  Conclusions

. From the analysis of gas sector perspective, it is found the project is not financially

viable.

® From the analysis of national p;:rapcctive, it is found that the project is financiaily

viable,

. Due to implementation of the SCADA system, the savings of shutdown period for
power siation and fertilizer factories are 12 days and 8 days per year respectively.

. From the analysis it is inferred that he number of pilferages of condensale has been
reduced from 14 to 6 annually due Lo implementation of the SCADA system

. There are a number of benefits of the SCADA system which can not be quantified.
The value of the benefits can not be measured in terms of monetary gain. Therefore

these are not reflecied in the financial analysis.
. Financial parameters alone are not enough 1o evaluate the SCADA system fully.
» Full benefits from the SCADA system cen not be derived due to lack of trained man

power, not operaling the valves remotely and non-funclioning of the pipeline
application software for leak delection, load balancing, load scheduling, line pack.
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7.2

Recommendations
A SCADA system can be installed in the distribution pipeline to menitor and control
the parameters of Town Bordering Station (TBS), Regulating Metering staticn (RMS),

District Regulating Station {DRS) and Distribution Main (DM) line,

Meters at intake and off take points of pipeline should be installed for efficient
monitoring and contsolling of the SCADA system,

New gas fields, transmission lines and bulk cusiomers should be taken under SCADA

systermn
Trrining should be ensured for the concemned personnel of the SCADA system.

The rest of the high pressure transmission lines owned by distribution companies
ghould be handed over 1o GTCL for proper load management.

A technical committee may be formed to take Lhe necessary actions for removing the
shoricomings of the SCADA system in order to get maximum benefits.
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Sample Daily Gas Report by SCADA System {(Contd.)

Table A2

I T " .. e epperrrrTTReTETTTREEEESTTEocs sk
TETIItTI ALY S N rrd rArerrrTrrrTrireedrerad
- rTaveE —+h
e o e = = T LT - et T
i ey e obbrareE T
.= H TaiaEiils T r oA Iir
Taea o H prp T [ [
i TTmmri [l Iie : Titie TN
= k- rdd - + r
:E ThrTIiEa T raa R -3v-
TamrTT - Sa-irmoar -abEd
. = tRrirEr TaTiaaTTa T
: + A TArimmATiE
B fAiEi R R HL e
' - H ad -
e, rt-trm-ar - = r - -
b gt
P St oararE- T B
rhirranN 3 i T
T Iiri
4 SAlritom T
E JRallRCE R
ia rr AT A v - drerd Adrdrie
H C R rhrdATT R T e rda-
M H I r v ¥ B R R
B : e
Ea+ H rrer SmEat
1
= e W P “:.
- Rl B R e
i it
- radrrim Ty
s TinmoTIm Aireaas rar
M : Iriiliim chrEEr =
HHe Sraplas i rr
o . araliis -k -
i Srrs Trr-ri : AN AR e
mr i Sarirrad
s FEae H
s am
tTAgrTTa ages B +
- iali-1ra SIKRT SIiimhel a
Frarr
—rirod -
M s
M z
M .
TE Akkihcd ATl ST Tre - zs--s-d-
o = R
e b TImdi -
iy rr .
R AR T -
- rroa -
“irr-reoa. -
e rdcbrer T rrrrod drederArerc---d-u
- = —— idd H H
TR PR T [ T -
Y - Sridrr I
B -3+
Fra- . Trr-am i
. +r
IR HinaNy E i
o il e, B H
e Hhrrdrrreie - vyl rrdd rd ik
-t B . -
e e o i H
T -— v Sitmal
ST+ SiedEee
R
i E e e
Tret v e rad s - HE Py
o H b [ s
Cirmair Tiir - ik
" —Frd e B 1 4 ThEr
SIit e . 3 P T R R
T - ] Frocead widc
v -3
CTeatiem i S P
v e
rraliiiem rrar
ik -
TraRrra ar
[t iy ra -
TIEEILE FAAAad
:-nniu.u-u
v H
R R e Pl By
Ik -
—ir ol rArtared BrriTe
- e e ik il S
e Sty Wedk-Rbr- iy -
i -
. BEEomaTar Ty vy -
- Sl By fm
CiTmioror A
bz o -
R H
TR R i
= e rm- e
hralat ) :
rrir 3R I
Faaa .
maan i taT - s
i SEraliras rrrrrrrorrroroAsor e e
S T  —r p TR rrirrrE-tata ke, -
e ralhdcm Limaim- TraRrIy -
- o TR -y
wrlk W il - rira Iiimats Rt -
e — - Trim ML -
., - s +
CAriicerrR- + -
I-
Srarer E TR T I - rErrrrerE - A riveoor i
At ALT e v H
=-ll+ﬁt: bl =k rik - -
i - 1 rh-Tar rh . H
Tt et g P -k +
- Sraons rridv--re- “ivrer -
v Titred : H
. hllrrr - & =hh . *
BT i : i i3 B i:
. -] + =4+ =T r
T e LTRRrTATL T i <
Srrrrocc Eecseaseme = TArrerorrd rearee rtar -
i s T -
A rrtdvraTa < - -
e 1 TR -
- T .
- A
TaTT et eI TR TN AT
+ + ] 44
i * Tizrall NI FiH it
e iy I Tl H
s CrrEIE e EEre < H
i i ok el it =g s
rRAL I WAL rTAT
- Tiriran
- rikr o = rlziT - Sriil
. pdy u.
“m- PRy M - —iam
H o Py
Rl -
i Tiriadtr ipox e
=44 k- . [ -Er
: 1 - el -
Crr . chrdrree e P T R
B e Sraabra. B R e TP I T et
- Tt
T - THAtriat PR Tit koM
- ar Pt kW
< - : Srerim TEireTT CmAEaE -
: HH B rhraliit ETavE. r P iedr
o . B B R R TErAitr
< . Crak H b4+ T4 BT
ra “iean FiTAd Ay e T o R i
Sy rE-i-ras Az =1 o T
+ *Horrro- Ee=- it
L Rrrrreeet * Bt DAririiazavicers Erivat
= it P o
AgrEErasis T Y i
Hoae ) H I
i . im Cmar
- - +
- +-m
< +
s - -
+ : T
: i : iE
al H -
- T o
T - i
= rha ey ARTHTILIRLIN IiEm. s B
F e e T - LamoL-m-
PR e it RS HH TiEET
H Tirerierr v

110



"E'

AT
£

B izl Sfﬂﬂﬁ tt.:'ge‘"
R Hmlilon Bae ot
rrpsaid B ot O e g
: :‘-::iﬂ:n th:g!"'*"‘-

BT IR RetE {E!.L;l:"'
TR R NS L
STEN S T INDORIE AR
ORI R
FH-ORETH A B

W-RT-TAT R
I BT e
HICmMY-2AT S
ZEAGIOT-285100 58 204
EE T 0 0.2
T2 1T 0 1
T LI T
FAAT R8N R
F100r-20 0850 45
F LYo 1. 00 9 404
T HT-200. 41550 .
EE T T
[ AT 27 E R A
L AT, CL A
HARREL L AN
T2, HHLE).EN -

h

T .1|:::-:. .d

i '!';ﬁ"imt m:l; m-*':
i E

i

L
SR
HLaS T
AT I
HIMEI
T
Ak
B
L
X

besd oL

anpan g it g

Eﬂ_ﬁ‘ﬂ.ééﬁéﬁ.ﬂéﬂ'é

LR | =i
] 03] $1:44:00,004 FIOOVG A e L 1 IR I
RSN T ) Ra R et
F LB AL R A S LY et oA T T M;h iupirieriad
TR L R5R 000 LW sttt z1:4 {159 u

ET T2 G 3 A LN il ::::::tﬂ.l}:
g LD A LS B 3 gl

¥ R ind)E e 3 e e
40T R B LA stfiitngz 1049
T ey 1 £ 1 LN SRR
T AT 60 §LCH LA s AT
{40207 1 0 L i |satss i 1640
THT-E kIR ity iy
AT AR
TR PV =]
HI0T-704T 300 1M
W2 Y
WDT-ZEIT 0 A
Y ORINECE;
P e (B F AUalt
EE S e R L Ve I
T AR R e AR TRaE
| TH-RRT-28% 7 FTES 113 0 I L i3
WBE IR TSI
THREIRT #1510
11 ol n:} LR b A

gk b |.
wilengmn

izpnnmabie

-[Hn:t J.'.'Lnge'.:::a:;

TSl o
LR

Fh{llﬂﬂ#.ﬂ

111

-



A

H::Ll' i

Hmmﬂr.mr; ::.HL-
AT G
SHAYHTY 1L
SRR R KT
s-AT-EE 0100 Y
HERT-D G R
EL-RRT=1357 16 ) 00D
B MAT- T8 1S M 500 44):
EL-IOT-200. 1S L1800 00 e ..:liul
FI4T-3231; 1815 00000 Rt Gt [N b
s1-DT-107 15004 2 H B
ST S eE) K
_ EGEEECT 16341
AHCAT-24ET 14 1 LK
|34 M0F B F iR K
AR LA ML
B Ak FiRIR S
SRR AR
R e R HER e E
IR AR TEHI N I
HADI-HEL LR 6 2
MBI R i
RSN Nk prt e "H::.IH #
LHFAT RIS 640, it
LLIAT- M L3040 430
- HEELARAN dpanrmdaais : 1113 ; mum:.mz:
A MR G A i1 :
LAY LS T B
E SN REE 5
U T B Lt P i fHjneETE 1A
S0-RAT- 80 Lk gd 1 o i HE M T H
-GN BN ] G 1551813
R ASEH AT R : ] :
U-AAT-10F 100 0)
gll-ﬂl-l‘!ﬂ [1E 4 pR=7H
EU-ETANT l:d 0.0
E1-0T-120F 030k R 1
S e P THR N e
T Sl I TR~ H } 4 Y i

EEAE=T IR HE = L i GiInHRITIL : :
S AR TEIP Rad B ', 3 : s : i indling
Rk T : PP : i

T Dt !l.':ul
RIE A D IR R iR
SHHGT- ekt
L0 ST SR

ITTITE iy TN TS rEiittirapersemdiiZSIiiIiE
FLEL Ot Frsd b g ) Lo -t b I FHH | LY LR EAETER R




birk =

==
et L] L] o +hk -

] n—--ﬂ"-——ln
i

-
rrddh--rk k- o

ik - el i ksl il =
e e e R L T
ol Bk

THTE

m

H
o = o el

i i
' i I3
At
iih N
E ™ I
e i it
F N rait
Tass
P H H
Tiest HH
e H
T [
" 2
-ﬁli - ‘II o e
PR tairaiTiiz
3 T
M T T LT aa
L AL o i a4 4 M A = Eorrra
Eagararar Er TAMAAT e TR, LA E
TTEE tidtiad : -.L.u.- e e e - e S
e R TR T ay LI T Ti il
' H - nmE B rol
e FH e ==t
b B e
Tarh
il H
=
it : iTororavziar
He e
REE o HH LedEnaie Ay innte Taris
maa ..u.u-u——-u———-—-—- e i a2 R TRkl el
o e 3
Al A A s 1 b
e T ETrriTaM T Lo e Frrgetas
i 2 7 ek 7 Trret ﬁn- mrvh e
i . T Hirime F e T H
Pty ittt r TiEaT
i i 1 e AN TAr A TA
e o]
T
in iAo EaEE
- ek e+
Tiiuamrans Homptpmret -
a - iy o EaT . = M T s HE AR
o P 3 et [~ it
B s Calhaa-ran
bt P R
H TRuay T
s T R ERALlRERLLL
H R
P e e
— .

A

P T

SfafdqaeTagaIL
Tl It s T 1 mmalim
R s ]
e B T 2%
LT Y b+l SRERAALE Y
A o bt H
i pEr
+ i +
irh wAArrTT - e - M i - L M i
- ia i ] w2 immmam : b
o e e et i
b i TIIx P e B T i
s T i ] - o
it e e P H
H TrTaTar o
O 1 Frrreeastiey iniraes H e
i Tiead N s v H oy AL H H
aThiar T el . em H
: saiaadil
i P
H HE N
i tEiaERmTAEa e
= VARMAT RN NS e T
I ey
s iiizl Tt i
TEaa ATEE- i et T
+ Ta T T RAttr o T A s miTiTi T
- T = i Talrary P aarar
T i v TRaRrd SdaTliaTi
t -4 R LT B t-pha- i 4 B 3l
Trrrerrroerrares - H o e T mEA AT
t aide T e i At e E Tk
+ AL A EA L Gt HAH
R mrAttrrrrt o Tt Rt e rhy e TRIST
= T TaImear
F TR L R e CREEEr L e E s e TITIAk TiAREE s
R TaETraeTaiE e am raw T L
a1a tIariical - iraa e TaTriaRTar
i e e e r 1. YiTar
ada vl
e TATAT T ET o raE tAraAy T b TITITiTIr Ak iy
TamE Ha T +1 cilmdrEman PR
T hH aiimm L el e I -..-+.-n+"+-.|.-na: v
T Tereo s ImiEL
FHEH S i ""-:":- TaRAAEAELTE AT AAEE 1. miidmaE EATAET
aaerinad iailaiis P H P T e e L
; HH i Tz gt H
ey k- =k - - W -k o okl B "
P i M i o
ma T HAMEraMTAL . rrrEAEAMeT T T
ey L i R R AN ol FFEHH .
R E . i .
+ i - e porrHr e dEiTir:. TR
H Al 4 4w H e e s T
s --:ﬂﬂu-.-u-.--m--« manmn -y r -i- [FHT
H p g i Tith THITTeATMMELMALMEELEME Eicrrrrt
HIH un PR rraarer
Fp e e e e e e P T b HHEA Lans 1a
B i, e HH H
ETEAR Revanadn w4 4 TarE R B AL AR T re ity AL Teis ARMTEE AT CBe oo hrrr f RS iae
Taid in x x: ATt B rTAt rTrAMTraTE e
BT T Tttt At AT AT AT AR AR i L LR P A e B H P
T - o e A u m wal -
LaAs A EEA AiTe EE AR i e Pl 34 oot
IEITiiTITaTIy T . -..-,;an.“:: o ‘“un“u. b
—— Tih M EE Eral EEARrrES TEian EAE O T e e T
= EiAe-AAEmmAmE HeHH P -

L I T

—ldr dtdr -l vy vk rrradd

Akl
4 Bk

+i..u:.--=+--.-ﬂ.-+.- T ﬂ.ﬂ.

Eaifiitas iinas aRiiiiiaiiiia

arEaT

By v
el

bk A E
i

— -
rh .-=-Hu-n-.----n.“.u

- ::.
-.-1.-u..un th

..--B.:' s

=
r E.-.-h-aﬂﬂ..-.-uﬂ-k Lotiberiar e .-.-:.--..- e

+

e B B

4 v Bl [ TITITE
E e
O

dhrdrrTr

H e r FEERETocwrrereTrMrtrroToTos - o Ans
) T TATTriirsryrrTrTrrT T T YT e FAA T A b A r rlrtdryde ek prrer e
-H--—— HEH - ] s i, - P
. 4T A Jrataasrat e rree
T n—n—u—.u-n—.u—- . -u.-- i =
uir u.-:-" P B T naa
— Bty e e e i .--..-- - —
PAAALL o - .- I r Arm-aear
e e L e '-"*-**wm"wm Riiiy m HAH
kI s o s s ---u—n.u-nu- Eamad M1
-y M o e
HHH Siliaiz e
Amaaasaas = T T T T T
-u--.-—.-n_.:q. —-_—ini-.n—-.- e -
= ﬂ., R Taei
e Tk - 4~ Ml
H -Einun—
ARt o= + itz -
MM
THrrrreTAM e e u.un aamasaaani
ke SElEanEaEE T4 e et i
T 5 i
O A B A £~ pt Nkl A
e AEaLtAaEATErL H - Ot e R
2 r Ha
-
'
L}
. 1
i a . . - ..
- - - r ok r r
- - ] "
. .. N -,
. . - . " . . - r



APPENDIX-B

114




[Eiel it

i 113 P Py S0t N LS um e " Power A Fapliralt” - P an SO Sevrnr
B EX Yau Cophy Fomrtw M Tesk (o whdw

Frweqg| o}
Comnctd Potmme e |_ /1206509 |
O )

e D]
T Ml |57 ]

HATS

0
(L1
(L1

% STREAM}

NN

STREAM §

£ |

Al 3 MAY 207 113501 St Mohobecs $104 Moo P21, FALED? by UCC i[ en ¢ K

et T

H—ﬂ! A H;-'i"'

S e

AR a.v‘,; i
-!-:. 3 ¥

Eﬂu . .scx‘Lm i BTU IEQKllmhopuRTU 10 S RTE 10 Lk T o 160 Ko

P = — w1 oy )

Figure B1; Screen Shot of Flow Data of Raujan Power Station by SCADA Systern

115



Life 3% Ulpar | et

lm'n-mm 170 Bl e 0 Ccmdnd‘foi:n:fhw Lﬂ?r"mq:h:ﬂ i mmj

iR an--w.-f.r' o

. ;4,_.
A e i

. _fotatn) ~ e R JAL Q]
Figure B: Screen Shot of Cundms:tc Flnmr Data at Ashugnnj by SCADA System

j"_ﬁﬂI;IIMKmkoerRTU &z&mddﬁlm IﬁSnp:&thmusHﬂRTh lﬁ'mpmkmj

NP E -
e A

-.__1\,-

CARe ‘;“'n h- _H‘T,-n.f L

1i6



ke

ol el ol

"

R T LN

+
4

ratr

RS

r-drhrrBrr

AR M e

el B B
AR ERARL AL EL

4
[-H

T
-

= b
=+itit-li

4
B P e P T
v Bk

LR R R EREREEE R L

e R R EREREEE]

444444

FLiifiomnit i

[Tl

mil—tiii-“lirnilli-lilillil-i-ri-ili- T
Mk

madmm i nay

jitaeatatataateed E’

Lampr “nuu apaiadn

- Herr e

A A R

el e
&

TaiiidsnAEELT .-===u.+u.+
Il

ﬂ""ﬂ""“': F e

e
Ertp Tk

-
redrbdddrrdh

B o e Bk o -
AEA AL eAEs Tl

EE = rkww
Aaimmas
.--n.E-H-iun-inm-vn. et

b §oimarEaLiia

T
il n

B




1 e s i it a7 e “m
i

-,-:-

*}ﬁ

_-..._.-.....- TR e 1 r
‘- .
- ore

Lt TP T AR TR

P P LOM ek aT LR

[ FTS=R0Y 28

L |

13301 ot L Moneberdi 1104 Monohorsh PE2L, FAILED nevepted by M-MCC j {—n;,., -

: MMMﬁMH I kf-\"(..#\' wh.n- r.\.:-* \J“}:ﬂ:,h I.:-I"‘.- - \ ' 1
I RN AT SRS TS SIS ST [ S TM._.Mummthrmh 2]

ﬁg‘nrc B4: Screen Shot of RTU Status at KAFCO Fertllizer Factory by SCADA System

Eﬂ"i‘" L L
[

I T e
- - ' —— —

Flgare BS: Screen Shot of Petrobangta OCT Statns by SCADA System

118




%ﬁﬂhfwfmmwwmw

le{uj olal ml?} aftlwlf

CoA-

BTG TN

| Gu Crmacgmk

Tunpela nlrf)

| _emueed |
“ i-“TI "-1!.1' T'."
] o y

VA g e ke B A0

Figure B&: Screen Shot of Gas Chromatograph of Sangu Gas Field by SCADA System

119




Tl - ek
bt
-

rad
15

L] +4 - i
o
e A
raa
.
A et
daranad zin e e i an
. P = - ot am .__Em.i-_........
- - . H T TR R e e i TR
z 1 X
3 Py P e e :
ot

i

L
u.u.u-n

et Eepk D e TiTTia
b e P 1 e £ s
v M ﬂ— n#i--rl-i-i“ ke ol Bl o
H il H et e AR T - v s :
HP R Tt e T iiTor it
1‘- "“r“‘"' M rdtrttdrd ik + - +h + i + i
[P P i .ﬁ:ﬁ_.- b T
e
PTIIIIIINN
IiiiTTiTa Iiime"
H
H TpTRAsffansLaas i Ecmar =
! -
EeEan A ETERITE T AriirrT It TITIiiriim
:-a =
i I
o e e ncaaa e "IiT TIIITIIIIT'E
T e i i eI T T T bt e s Lo T et by e T T L T LT T
PR Y il
e N R Lt Theriy - it b T L] b Fo i T
i1 ETLamLAE il FECR b R *
i T TIT{ITII eeHHh
IIiiiiii H S Il imeaa gt sasaat RrTUITIIIINN H HFHHY
it o o e w1
T i e aan
.
o rTTe
it
i
i EREER e e i
1 IIILiitiiie
Terrarmalia 1Ty
-

Cr et rEE
=

i
D ey 1 + PP L T T T ey
-ﬁ_-ﬁu——ic v 4 - R R Iia%s
T FE Pt P o e ot

T e e e T T LT T LI O e e

mrd-scorsrrrwrd

St e e
i il Tl
et mmtmam TIrasia T crTATianioiiTanaTIIIToTID

Pt TiTr ama Trrar
ErE T e 131 SmRiBASIEITIATEE
TadaLEARARAL TirIaaamRs b
Homacrrrr AT
ipifiaE Firiizy T EpanaaRd T ioEA LY
T raTE TAs ey
o M gt H T
dadadanadanar '|'I'I'"-- ---EI" = EETFLI L EES TN ir.“"“
HH R e e s R’ it
P CHEER - R e o e
et H dRiaRediid s e
p e 4
H TaIel Tiet
i 1ok H mama taradat
: AT A t I Im AT ufrmaam TT AT e - A e
T et e e T
M HE e
b R i b I P TITrrErees ramrriat H
M T
TR T e ates 4
b HH PP o
THIREEYIY M iiat re e e TrroaTan Lk L, a7 7 7 e PrrTARLTT
M b~ o =y T T H
M [Rmmaads e atinini
TEERIATITIIEALTEIEY e R e e b T e R H
M TrTy ariTRRiAR .. Rl
M HTia
IadEar e :
H frpaTiiziTratiiiiy
T TRl S T
GaiirTriice v T Tt Al e < L
nas
H
H
¥ e
H — o
: P o e ST T
M ITIIAR +eed BTt iirrr arrrer mTr oMt
M D
M M TIITIT
M TR
Tanad am—_— ETarrATI ooy
T T e T e e e s T S
T B PR i
: Taay TTTTETIIITTTIITIC T o : T T T
M HHH
faamanETan e e 4 ———
e N ey e frr fTSroTT TR
e hiTITIiiarnac A T A T T T b
- TR - EE L I'H - E: o
D N e
P
H bt
e e cHEE e e
P
H e rre Rermrrio ra i Rerer
' e T
M Eimuanan H H B
T bt 2t B
' HH s mia i H
b B e 4 B e A 8
: HH e H
r i iEmesasadsiaiii
R e e = P+
: H L e i+ B AR e T e L e
e n-u.--n-n ﬁ—-ﬁ H
] u..--uu. HHHE Ama P ELAE RET AL
T EiEiiii FH R iEmLEs e =
i A e s e f e LRI TR
Biis -ou comiedliace cdmuss el i I |-t T e R
H i LR e N iRETES

I [
TR Aty RERAR ETETES BAARTETE AR CEETEPE- 3 B ArTAVrErATrTATES LA ATIrTerroTea T ororEa owry T eI




i ™4 H A Franiraonn a0 faee TopEly - 'I-‘n!liﬂiu'm

bl skl ARl MY L mm e

(Fit T2 W Digley Fraurts Mal "ok Colrur Ve et
NSl elef 2[2de) gleet

o ]

L 8% T ww | Coom ] [Creeem -} [T ]
1 PV Py Pt l Hu | [ w1 L XEC - |
whabaiy [N ) Cw=m ] ll‘f—ﬁ:ll ﬁ
Ittt [ o | [ ] | Reemanen )
£. Drlivery Condicies
{ DA H1n an ] Chomu] (CEees 3 )
3 g i L [ ] [(ewnd | [ omesm § [ Gkl |
W Dnep P ilm | RA ] [ #mewa | [ wmERm | { et i
W wpEie [ WE | (x| (. ompem | [ s |
L Do 151 Ll R (e ) e ) Cese ]
Webdrre RSt Ol | wew ) [(wanmady | [ ook ]
yOeAM sl [am ] [ onzia 3 | Uy | [ Toded |
§ U Tetd Ly [ew ] [finam | [(oenoeon ) [T )
L BRAL Sniem
LM | SE ]} [ oowa.} [ iwemn ) [mee ]
LELDa ML r"',_“_] DL Mk T g™ ¥
I, Toginha ot e s ) [}
I Soq b Pl R ) oW | [ameen ] [ i

SV VI

= .
|Ah‘m pL H.!Y Ifl]? 11332 1% Bl'dmhld [Rlﬁ:) Hcfl&iﬂl E:m:t:& Vebune Flow, ID\‘:"' m:rpt::[ 1

=T |
D-I.LT-!.TI | #3 I.l: it .

| T

bt . -

. 1T

'sc:-|1mnmsbopum Findied b 76 Siega Ous Proces B RTU 107 Smaywen RTU |

LT

m oma e — ———

Ram wimad | K, 9.

Figure B8: Screen Shot of Gns Transmission Scenario Report by SCADA System

121



addadid

L P P T TP T I IR T T

EEEE-amRat
e HH ]
R
+
SR rhe b
SIderrEr
Caridad
aias S TIErATELL N
4
in Her
e
A LR
rdra
B
[ B H EEA LAt
i rizaais e
= Py e e v
I AR N ATt - - dma
H HoH +TH Cltaat SHidimEiE-d-%
Ml A EEEA R A - P
= i AiiadiiIIIil chirerpet
Py - it o H N
= R
=
=

T

P
trir

i
SiiEtmami

e T

4 -
rdrrhk=her ke T

4 rdrrTe

-4

ATTa bk bbada et
u-:u.ﬂ.u.u.

o e N 7 v H TARMTE frrzoTTa b -
ol = o el v - -
- l 1] .

I
.

- Mk ke o 1

Ml ke v B ——— Il

] +

L] oH o]
Hon b

I
- - s vk Bl 3
--rlll rniil--rlulll-rﬂi -l

B .= 1t H.ii--rrlii-r-ilii-:-ii
-

i

4

+
+

et

vkl vl

=4+ Bk

H
TARTE -4 At B
AAAE W -tvd
T

e
i
2 bl

Fdb A bdd #4444

ol
droAEaEy

B e
4 -

eI e T ]

vk =k ek

ke
- —

rrkr il

P o s s e e T
T T
T L TTiTiIiiiiyaSTioiast

.. - LR T
e Bl el Bl WAk kil e Tt ik iy WA 4 by rAEAT T
I

- -
CEtd

el A

M T

]
P

Gazanadt

"-'uu
et nhkas e

-ia-rln-llulli-t
I 4 o el -

-l

T r T h Tt E T EETaE T frTrIiitTr
Ed 4 P 3 v
Er

“ sasessadgiisit
Hiadacde
et

Falaiiiiirii diiETis Emmamais
ﬁ: A e e S i TRILBATTLIAR 1
b EmmmimaE

P ..i.,u,".:-ﬁ.

e YA mE | R mama LA r e
e e e T

o e
CEEliERNERERRIIITI

i
AT A ““.ﬁ,..,:u. Pt

He AN 54

-’

Figure B9: Screen Shot of Demra-BKB M/AW Communications Status by SCADA

Syitem '

1 -
. .
- n -
122 - :
. . .
' e " h -
. - e , 1
' . "t - . .
- . . -
. . +
. . N
v ' ' Fi . - - -
. - - B * " . -
. . - " - +
' . 1



viaut "t - Sonth Pypelo Dverrew” s Tire “Yipelere (vien’” « Yu T w402 Serrey ' ke

o5 el

SRR | __
" Y th- Seth Pyeoe Derree” o e Yclee e’ ] NS (1] 5
o ;

o
d."l food |

|-|.
'I:g' ""

i on ] e e ]

ﬂﬂ]ﬂ&h OUTILPID

o e
e, @'—'ﬂj} | :eommn 1§ ]mgm _
it 0:4319 700 Jtauta Gas Fackd BITLR00GS Bresoure, FIGH EIGE® secepicd .




	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117
	00000118
	00000119
	00000120
	00000121
	00000122
	00000123
	00000124
	00000125
	00000126
	00000127
	00000128
	00000129
	00000130
	00000131
	00000132
	00000133
	00000134
	00000135
	00000136
	00000137

