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PREFACE

Japan International Cooperation Agency(JICA) decided to conduct the preparatory survey and entrust the

survey to Japan International Consultants for Transportation Co., Ltd. (consist of Oriental Consultants Co.,

Ltd).

The survey team held a series of discussions with the officials concerned of the Government of Republic

of the Union of Myanmar, and conducted field investigations. As a result of further studies in Japan, the

present report was finalized.

I hope that this report will contribute to the promotion of the project and to the enhancement of friendly

relations between our two countries.

Finally, I wish to express my sincere appreciation to the officials concerned of the Government of

Republic of the Union of Myanmar for their close cooperation extended to the survey team.

July, 2014

Akira Nakamura
Director General,
Economic Infrastructure Department

Japan International Cooperation Agency



Summary

(1) Outline of the Union of Myanmar

The Union of Myanmar (hereinafter referred to as "Myanmar") is a nation with an area of
approx. 677 km” and a population of approx. 50 million people. It is divided into climate
divisions as shown in the map on the left side of the figure below. The map on the right side of

the figure below shows the amount of precipitation in the nation.

I Tropical B 5,000mm~
[ Savannah I 3,000~5,000mm

Temperate 1,500~3,000mm (Average in Japan: 1,718)
[ Tundra P ~1,500mm

Figure 1: Climate conditions in Myanmar
The scope of this project includes the area around Yangon. In this area, even the premises of the
stations are often submerged in the rainy season from May to October.

As for the economic conditions, IMF estimates that the nominal GDP of Myanmar is 53 billion
dollars and the economic growth rate for FY 2012/2013 is 6.5%. The economic growth rate is
expected to increase to 6.8% in 2014. The GDP per capita is 884 dollars, which is still in the
lower level among the member states of the ASEAN. Under this situation, the Myanmar national
government now aims to increase the annual GDP growth rate to 7.7% and the GDP per capita by

1.7 times in the 5-year plan from 2011 - 2015. However, there are many problems to tackle for



economic growth in Myanmar, such as the development of social infrastructure consisting of the
supply of electric power, communication and transportation, development of legal framework to

attract foreign investment, modernization of agriculture, and domestic job creation.

(2) Background, circumstances, and overview of this project

Myanmar Railways (MR) is considering the extension of the railway as the priority. In 29
small-sized stations which are not the junction stations, although renewal of the existing
interlocking devices is conducted with onerous aid from India, China, Korea and other nations,
the priority level for upgrading the existing facilities has been low.

However, the Ministry of Railway and Transportation placed the improvement and
modernization of this main line as a new prioritized project in the Myanmar Development
Cooperation Forum held in January 2013. The project specifically aims to decrease the travel
time for passenger transportation between Yangon to Mandalay to 8 hours or less. According to
the decision, the Myanmar national government requested us to conduct the F/S for the upgrade
and modernization of this main line in February 2013. We completed the study in January 2014.
Based on the results of the F/S, the Myanmar government requested Japan to grant a Yen loan for
this modernization project in November 2013. Japan then promised to grant the loan in the
summit meeting between Japan and Myanmar in December 2013.

As part of the actions for the project, work for the basic and detailed designs on the Phase 1
section (a 270 km section between Yangon and Taungoo) was started in July 2014.

In this project, the interlocking devices in Yangon Central Station and Pazundaung Station, in
which the Yangon - Mandalay main line crosses with the other line, will be replaced to decrease
the travel time in the main line. Furthermore, this project aims to improve safety and facilitate the
operation of MR by introducing new automatic warning devices at level crossings and upgrading

the signaling and communication facilities.



(3) Overview of the study result and project details
The figure below shows the overview of Myanmar, where this project is conducted, and the

locations of the sites related to the project.
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Figure 2: Overview of Myanmar and project site location

In this study, we proposed the necessary and appropriate components for capital investment
that will be beneficial as a gratuitous financial cooperation project prior to the modernization
project for the Yangon - Mandalay main line, with the purpose of contributing to the
improvement of safety and transportation service of MR. Based on the results of the study by the
Japanese government, discussion with MR and field study, we proposed the following three
components as the specific scopes of the study:

(a) Upgrading to electronic interlocking devices (centralized control over Yangon Central and

Pa Zun Daung Stations);

(b) Introduction of automatic warning devices in the Kyansittha level crossing located
between Toe Gyaung Kalay and Ywar Thagyi Stations; and
(c) New introduction of central train monitoring devices in the Bago Division OCC (for the

section between Yangon and Pyuntasa).



We visited Myanmar 4 times for field studies and reported to the Myanmar government in
October to November 2013 (approx. 25 days), January to February 2014 (approx. 15 days),
February to March 2014 (approx. 10 days), and June 2014 (approx. 5 days).

The following shows the design concept for the facilities that will be introduced in this project:

Figure 3: Concept of upgrading to electronic interlocking devices



Figure 4: (2) Overview of automatic warning device for level crossing
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Figure 5: (3) Overview of centralized train monitoring device



(4) Estimated costs of the project
As described above, this project mainly consists of three components. Figure 6 shows the term

of works for upgrading to the electronic interlocking device.

Period 2014 2015 2016 2017

Item APR[MAY[JUN JULY[AUG |SEPT{OCT [NOV| DEC | JAN | FEB [MAR| APR [MAY|JUN [JULY|AUG[SEPT|OCT [NOV| DEC| JAN | FEB [MAR| APR [MAY[JUN JULY|AUG|SEPT|OCT [NOV| DEC [ JAN | FEB [MAR|

Grant Agreement *

Preparatory design & Cost estimation _

Detailed design _

Preparation of tender document _

Bid announcement *

Preparation of tender document by bidder (at -
least 45 days)

Bid x*

Development of system specification
Production of electronic equipment

|
Shipment :l:! :':!

installation / Impi of
exsisting equipment

C ion of P: d station
room

Construction of Yangon Central station signal
cabin

Cable installation h

Operation test / Training for dispatchers
(Pazundaung Station)

Beginning of use e
(Pazundaung Station)

Operation test / Training for dispatchers _

(Yangon Central Station)

Beginning of use
(Yangon Central Station)

Soft Component -

Removal the existing equipment such as
interlocking — —

Figure 6: Term of works for upgrading to electronic interlocking device

Figure 7 shows the term of works for the introduction of the automatic warning device for

level crossings.



Period 2014 2015 2016 2017
Item APR|MAY|JUN [JULY|AUG|SEPT| OCT | NOV| DEC | JAN | FEB [MAR| APR [MAY| JUN [JULY|AUG[SEPT[OCT [NOV| DEC| JAN | FEB [MAR| APR [MAY| JUN [JULY|AUG|SEPT|OCT [NOV| DEC [ JAN | FEB [MAR|

Grant Agreement *

Preparatory design & Cost estimation _

Detailed design H
Preparation of tender document _
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Preparation of tender document by bidder (at [
least 45 days)

Bid *

Development of system specification /
Production of electronic equipment

Shipment E_

Equipment installation / Improvement of
exsisting cquipment F
Cable insallaion —

Replacement power poles i

Operation test I

Condition monitoring ||

Beginning of use ke

Soft Component ] | 1
Removal the existing equipment such as gates -

Figure 7: Term of works for introduction of automatic warning device for level crossing

Figure 8 shows the term of works for the introduction of the centralized train monitoring

device.

Period 2014 2015 2016 2017

Item APR|MAY[JUN [JULY|AUG|SEPT|OCT [NOV| DEC| JAN [ FEB [MAR| APR [MAY| JUN [JULY|AUG|SEPT| OCT [NOV| DEC| JAN | FEB [MAR| APR [MAY| JUN |JULY|AUG|SEPT|OCT [NOV| DEC| JAN | FEB [MAR|
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Preparatory design & Cost estimation _
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[ ===
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Figure 8: Term of works for introduction of centralized train monitoring device



(5) Evaluation of the project
First, we will discuss the validity and effectiveness of this project, and then indicate the

evaluation of this project as a gratuitous financial cooperation project.

(a) Validity of the project
(1) Beneficiary of the project

We consider the following as beneficiaries of this project:

(1) The socioeconomic benefits will be brought all over Myanmar by the efficiency
improvement of transportation service of the Yangon - Mandalay main line and Yangon
Loop Line, and by the sophistication of train operation management for increasing

transport capacity in the future.

(2) The reformation of the Kyansittha level crossing will improve the living environment
for the people in the area by promoting the safety of not only the railway users, but also of

the inhabitants along the line and road users.

(2) Necessity and urgency of the project
In the hearing of MR and the field study, it is revealed that there are problems related to
inefficiency in MR's operation management, risk of equipment failure, and inappropriate

behavior of passersby.

D In Yangon Central Station, the interlocking devices are submerged about 20 times a
year. When the interlocking devices do not work due to submergence, the route is
controlled by flag signaling and the manually operated handle. The submergence occurs
because Yangon Central Station is located on depressed ground, therefore it is difficult to

take drastic countermeasures.

@ At the Kyansittha level crossing, although the level crossing guard gives instructions to
the road users by flag signaling, bicycles and pedestrians enter the level crossing even
while the gate is closed. The situation is also similar at the other level crossing near the

Kyansittha level crossing.

@ Train location is determined and managed based on reports via radio communication
only when an accident and/or operation disorder occurs. Track circuits are installed in
limited sections and operation is controlled based on notifications sent by the stationmaster

when the train departs from or arrives at the station.



(b) Effectiveness of the project
The following shows the quantitative evaluation of the project.

Table 1: Quantitative evaluation

Targeted value
(2016)
. Reference value
Indicator name [3 years after the
(2013) o
project is
completed]
(1) Real-time determination of train location 0% 100%
(2) Reduction of level crossing block
) 86 - 96 seconds 70 seconds
periods

We expect the following four points as qualitative effects:

(1) Enables management of operation even in the case of a future increase in the

number of trains and speed limit.

(2) Minimizes the occurrence of operation disorder risks by waterproofing
measures to minimize the risk of failure, introduction of digital and redundant
equipment to guarantee the continuous operation in the case of failure, and
introduction of self-diagnosis functions to reduce the time required for detection

and failure recovery.

(3) Improves the safety of the road users, passengers, and train crew by installing

a highly visible warning device.

(4) Guarantees safe traffic through the level crossing even when the speed limit is

increased in the future.

The economic cooperation policy of Japan for Myanmar (April 2012) defined the "support
for development of infrastructure and organization required for sustainable economic growth" as
an important area of cooperation. Furthermore, "Preparatory Study on Development Program for
Yangon Urban Area (Urban Transportation)", a Japanese supporting program started in December
2012, adopts the modernization of the Yangon Loop Line as a priority project. In addition to the
validity and effectiveness of this project mentioned above, this project is considered to meet these
policies.

It is expected that this project will contribute toward improvement of the traffic efficiency of

MR's railway operation, which the Myanmar government anticipates will bring socioeconomic



benefit to Myanmar. Furthermore, it is confirmed that the project complies with Japanese policies

on support for Myanmar in consultation with the relevant authorities.



Field photograph and Completion prospective figure
(1) Field photograph

Pic-1: Yangon central station main building, The station has | Pic-2: Building of the current signal cabin. The highest floor is
174 wues The medocking mamifactred by signal cabin,and 1 lower floor is signal equipment room.
Westinghouse inusessince 1950.

Pic-3: Signal cabin of the Yangon cenral siation A | Pic-4: Indicator panel in the signal cabin. The panel infoms train
oouse-constituting isopetated with levers. orHail in the station track. Pazindaung station is out of the

range.

Pic-5: Signal equipment oom. Relays and cables are | Pic-6: Facilities of the east side of Yangon central station. A track

used since 1950. whichpeople canenter fieely.




Pic-7: Equipment of interdocking(Great Britain). fthasbeenused | Pic-8: Parts of Equipment of inferlocking . Spare is nothing, It has

since 1950, while repairing it been used since 1950, while repairing it. The state is not
good.
Pic-9: Yangon central sation hascolor lightning signalSLED). | Pic-10: Wayside signal box. In the box; there are relays for train

detection. Thestate isnotgoodby influence offlood

Pic-11: In South-East side of Yangon central | Pic-12: In South-East side of Yangon central
station, domestic wastewater is directed to station of signal boxes. Garbage and
the station and submerges signals. wastewater are seen. Installation environmert is

verybad




Pic-13: We look new signal cabin fiom existing signal cabin. | Pic-14: Planned room. New signal cabin, OCC and signal
Thereare 3" floor inthenmain buikding, equipmentoomaremade.

Pic-15: The Pazindaung station yard 1. 6kmaway fiom Yangon | Pic-16: Indicator panel in the signal cabinof  Pazindaung Station.
central Station. The loop line and the main fine are grade Ithasbeenusedsince 1970. The station has 18 routes.
crossing,

Pic-17: The appearance of Paandang sation man | Pic-18: State in the signal equipment room. A difference from

building, Upper floor is signal cabin, and

lower floor is signal equipment room.

Yangoncentral stationis that thereis middle track relay.




Pic-19: Equipment of infedocking(Genmany). It has been used | Pic20: Parts of Equipment of interlocking . Tt is connected by
since 1970. At Paandaung station, there is not the different method unlike Japanese general specifications.
submergence.

Pic21: Geman style signal(LED). The signal which is united | Pic22: Unlike Yangon central station, there is only the connection
withacourse indicator. boxinnearthetrack Thisisa horizontal connectionbox

Pic23: Vertical connection box. Cable is buried | Pic24: Planned site of new signal equipment room. Plan to build
directly and only end leaves from the 50 square meters of one-storied houses in the vacant land
ground. nexttotheexisting building




Pic25: In Yangon central station, the existing | Pic26 An existing spare power supply is on the
supply of electric power track is seen in the east side first floor of Yangon central
depths. A power supply is supplied from station main building.

YESB power room.

Pic27: A low voltage electrical power cable at | Pic28: Communication equipment in Yangon central station
Paandang Station from the north side of signal cabin. Cable laying is necessary for the new signal
Yangon central station will be buried. cabintotransfer facifities.

Pic29: In Yangon central station communication | Pic30 ‘We look new signal cabin fiom existing signal cabin. A

equipmentroom. Cables are layed from here to

the new signal cabin.

cablerouteisthe same.




Pic31: Although Kyan sit Thar level crossings are | Pic-32: The schedule to which maintenance of
two lanes, collapsed one side is blocked ballast is also performed simultaneously
Now. with formation of an automatic alarm.
Pic33: Although the way is very heavy traffic, it is | Pic34 Although a gatekeeper receives a train
used also as a school zone. whistle and has sent the interception signal,
people are frequently crossing.
Pic35: In the applicable section, since there is no | Pic36: power lines are near the installation

signal, a gatekeeper receives train

approach by a train whistle.

schedule of the barrier. There is possibility

of contact of power line and the barrier.




Pic37: Installation schedule place of automated | Pic38: There is a subterranean electric wire of
level crossing control device and diesel 600v near Kyang Sit Thar level crossing.
generator. A retaining wall is needed. And the power receiving box has a

terminal.

Pic39 TMS station device 1s installed in signal equipmentoom | Pic40: Installation construction of SSI currently perfonmed at the
of each station. Infonmation is obtained also from existing sation i which TMS station device s installed
equipmentinpart. (Laydaungkan siaion)

(Panuygdawthi station)

Pic4l: At Pyuntaza starion, a spare room is remodeled to signal | Pic42: Desk of Bago OCC. The check of train position is

equipmentroomand TMS stationdevice isinstalled. performed by only the telephone. Therefore, time is taken

anditisnotexact.




Pic43: Central OCC in Naypyitaw station. The | Picd4: TMS central device and station device are connected with
check of train position is perfomed by only the telephone. the optical cable. The network is built hrough the rack.
Therefore, time istaken and itisnotexact. too

Pic45: End of terminal rack of optical cable. Optical cables fiom | Pic46: Since fhere i no rack in Eimshaylayse  station,
all TMS devices gather for therack. ocomnectionwith existing optical cable'is required.

Pic47: TMS station device has a diesel generator | Pic48: The solar power is installed at the station

for standby power supply.
(Phingbongyi station)

without city electric power.

(Tawa station)




(2) Completion prospective figure

Installation of the automated level crossing alarm facilities between Toegyaungkalay
and Ywathagyi completion prospective figure

Completion prospective figure of electric interlocking system and Train Monitoring
System for Yangon-Pyuntaza section (Yangon central station)
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Chapter 1 Background of the Project
1-1 Current Situation and Issues for the Concerned-Sector
1-1-1 Current Situation and Issues

MR has a totally railway network spreading as long as 5,934 km, however, priority has not been given
to the renewal of the existing facilities due to a policy focusing on the extension of the total length of the
railway. Therefore maintenance has not been appropriately conducted on the facilities and they are
deteriorating. The quality of the transportation service has also declined by the decreased train speed,
delays and derailment accidents, etc. With this situation, MR has been conducting renewal of the
interlocking devices and performing upgrade work in 29 stations along the Yangon - Mandalay main
line since about 2000 with loan aid from India, China and South Korea. However, the aid is targeting the
smaller stations, but the old-style interlocking equipment which require significant manual operation
still remain in many stations, including the major stations.

Among the major stations in which the interlocking devices are not being updated, Yangon Central
Station, through which the trains of both the Yangon - Mandalay main line and Yangon Circular Line
run, is using electric interlocking devices manufactured by Westinghouse in 1950 to control the 174
routes in the station. Not only the relays but also the signaling cables that constitute the backbone of the
system have been used since operation first began. Furthermore, the railway premises in Yangon Central
Station are often flooded during the rainy season. The electric point machines and signal boxes are
submerged every time and the signaling system is damaged significantly. Besides that, Pazundaung
Station, the next station of Yangon Central Station, is a bottleneck for transportation due to the crossing
where the Yangon - Mandalay main line and Yangon Circular Line intersect with each other.

Most of the level crossings are not equipped with warning devices and their gates are operated
manually. Additionally, no warning equipment is installed except for level crossings at station premises
and the sections where the automatic blocking system has been introduced. For the level crossings
without alarm equipment, the gatekeepers operate the gate manually and the safety of pedestrians
walking through the level crossings is secured by only the flag signaling of the gatekeepers.

Four OCCs have been allocated to the Yangon - Mandalay main line, however, they are equipped
only with the radio communication devices used for the communication between the stations and the
OCC. There is no system for monitoring the whole section that each OCC has jurisdiction over.
Therefore the recording of actual operation results is mostly executed by the dispatchers, and the OCCs
cannot perform their primary tasks as the centralized management of the operation conditions for the

entire route or provide appropriate instruction to stations and train crews.

1-1-2 Development Plan
There are several development plans concerning the railways in Myanmar.

For the Yangon - Mandalay main line (approx. 620 km), the Ministry of Rail Transportation adopted
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the improvement and modernization of this main line as a new prioritized project in the 1* Myanmar
Development Cooperation Forum. After the master plan study, the Myanmar government requested
JICA to conduct F/S on the improvement and modernization of the main line in February 2013. In
response to the request, JICA conducted the F/S, completing it in January 2014. Based on the conditions
found above, the Myanmar government requested a yen loan for the railway modernization program in
November 2013. According to the results of the project examination conducted by JICA for the request,
the commitment for the yen loan was pledged in the summit talks between Myanmar and Japan. The
basic design and detailed design work for the phase 1 section (the section consisting of the approx. 270
km between Yangon and Taungoo) of the Yangon - Mandalay railway development project started in
July 2014. In this modernization project, it is planned to refurbish the interlocking devices and upgrade
the signaling and communication facilities as well as the automatic warning devices for the level
crossings in order to reduce the travel time of passenger transportation between Yangon and Mandalay
to 8 hours or less. The Grant Aid Project covers a part of sections within the modernization plan.

Also, a similar modernization project is planned for the Yangon Circular Line (approx. 46 km), on
which more than 200 trains per day are operated with intervals of approx. 15 minutes in the vicinity of
Yangon Central Station during peak hours. After the master plan study, the F/S began in April 2014.
Also this F/S is being conducted based on the assumption that there will be a renewal of the interlocking
devices and installation of automatic warning devices at the level crossings.

Furthermore, there is another development plan in addition to the railway modernization. It is a
redevelopment plan for the Yangon Central Station area, which has much potential as an economic
center, to establish a railway station and town with state-of-art functionalities and various attractions
suitable for Yangon, the major city in Myanmar. Currently several foreign enterprises have submitted
proposals for the redevelopment of the area around the station. The Ministry of Rail Transportation will

call for an Expression of Interest (EOI) in the near future.

1-1-3 Social economic condition

From the military government that has continued for many years in this country, the movement of
democratization in Myanmar has recently become active. The new government, which was established
in March 2011, accomplishes sudden economic growth by proposing reform, such as the introduction of
a managed floating rate system and trade liberalization, in addition to action for national reconciliation.
Significant improvement is expected in the economic environment of Myanmar, but reform of the
central bank, opening of a new economic sector, and revision of the foreign investment law are future
challenges. According to the estimates of the IMF, the nominal GDP of Myanmar is 53 billion U.S.
dollars, the economic growth rate is 6.5% in the 2012/2013 fiscal years, and it is expected that economic
growth will increase to 6.8% in 2014.

The industrial composition ratio (2012) of Myanmar GDP is: service industry 41.3%, agriculture
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38.8%, and manufacturing 20%. Main import partners of Myanmar include China, Japan, Thailand,
Singapore, and Indonesia. Main export destinations are China, Thailand, India, Singapore, and Hong
Kong. However, a wide variety of problems such as social infrastructure development, improvement of
the legal system for foreign investment, modernizing agriculture, and domestic employment creation are

left as issues for the future economic growth of Myanmar.

1-2 Background, Circumstances and Overview of the Grant Aid Cooperation

Based on the circumstances and issues shown in section 1-1-1, the Japan side had considered which
works should be conducted as the grant aid cooperation project.

For the interlocking devices, Yangon Central Station is where both the Yangon - Mandalay main line
and Yangon Circular Line are operated and Pazundaung Station is where the lines cross each other and
constitutes bottlenecks for transportation. Because of this, the Japan side decided to introduce electronic
interlocking equipment that controls both the stations from a purpose to improve safety and reliability of
the facilities and eliminates the crossings as soon as possible.

For the level crossings, because the passersby, including automobiles, are notified of the approach of
trains only by the movement of the gate of the crossing, they sometimes continue traversing the level
crossing until just before a train arrives there. For modernization and realizing high-speed in the future, it
is essential to install automatic warning devices that notify passersby of approaching trains within a
certain period of time before it arrives at the level crossing. The devices will be installed at level crossings
that are not located on the station premises and have no warning devices as well as those that are located
outside of the section where the automatic block system is introduced. They will be selected in
consultation with MR, taking into consideration the technical training for road repair work of level
crossings, which is now being conducted in the “Project on Improvement of Service and Safety of
Railway in Myanmar”.

As a part of the modernization of the railway, which will include the introduction of the CTC in the
future, train operation management, which, so far, has been conducted separately by each station master,
will be centralized into the OCC by integrating train location information. The train monitoring system
(TMS) will be introduced while prioritizing the sections in which many trains are operated. When

introducing TMS, the areas covered by the OCC will be taken into consideration.

1-3 Aid supported by Japan
Table.1-1 shows the actual results of the technical and loan financial cooperation provided by Japan for

the Yangon - Mandalay main line.
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Table.1-1 Actual results of technical and loan financial cooperation from Japan

Details of Project Project name / others Overview
cooperation period
Technical 2013 -2015 | Project on Improvement of Improve the capabilities for the
cooperation Service and Safety of Railway | maintenance and management of
project track by providing the necessary
equipment, material and track
maintenance training.
Cooperation 2012 -2013 | Preparatory Survey on the Presented the development plan for
preparatory Drafting of a National transportation and traffic covering all
study Transportation Program transport modes and developed the
transportation and traffic
development strategy and the phased
execution plan.
Development 1985 - 1986 | Main line railway development | Developed the long-term
study plan modernization plan for the main lines
for the period until 2005.
2007 The Yangon - Mandalay main | Reviewed the reformation plan for
line railway development plan | the Yangon - Mandalay main line.
Loan Assistance | 1985 - 1993 | Burma Railway Modernization | Procurement of new rolling stock,

Project (1)(2)

Locomotives, Passenger
Coaches and Freight Wagons
Rehabilitation Project

rolling stock repair work, and
improvement of rolling stock

manufacturing techniques

Source: The Study Team

In addition to the projects above, the basic design and detailed design work for the section of approx.

270 km between Yangon and Taungoo in the Yangon - Mandalay railway modernization project started in

July 2014,

1-4 Aid Supported by Other Donor Countries

Table.1-2 shows the actual results of aid from other donor countries in the signaling and

communication fields for the Yangon - Mandalay main line.
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Table.1-2 Actual results of aid from other donor countries (signalling and telecommunications)

Project Country Project name Aid type Amount
period name (in thousands U.S.
dollars)
FY1997 - | Korea All relay interlocking devices Loan 2,000
1998 (Toegyaungkalay Station)
FY2000 - | China All relay interlocking devices Loan 5,000
2004 (22 stations between Bago and
Taungoo)
FY2008 - | India Optical fiber cable installation (section Loan 7,074
2014 between Yangon and Mandalay)

Installation of block equipment for
double track (sections between Yangon
and Ywathagyi and between Ywathagyi

and Taungoo)

Electronic interlocking devices (6
stations: Laydaungkan, Darbain, Tongyi,

Kyanktan, Tawa and Payathonzu)

Source: The Study Team

In addition to the above, India has provided technical support for the installation of Computer Based

Interlocking (CBI) system in Nay Pyi Taw Station.
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1-5 Implementation Organization of the Project
1-5-1 Organization and Personnel

The organization of MR, which is the implementation organization on the Myanmar side, consists of
6 major departments (Civil Engineering, Operating, Commercial & Marketing, Planning &
Administration and Finance) and other supporting department (Inspection, Store & Medical). The
operation of the railways is divided into 11 Divisions; 6 northern divisions and 5 southern divisions
(Figure.1-1).

The facilities that will be introduced in this project shall be operated and maintained by the
Operating Department including the Signal and Telecommunication section. (Some electric facilities
such as the power receiving equipment shall be managed by the Mechanical & Electrical Department.)

These departments have the know-how of the operation and maintenance required for the facilities
because they already have electronic interlocking devices similar to those that will be introduced in this
project and devices that consist of relay circuits similar to those of the automatic level crossing warning
device. Furthermore, regarding the organizational structure and personnel, approx. 600 staff members

are engaged in operation and maintenance work for the MR Signal and Telecommunication

Department.
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Source: MR materials
Figure.1-1 Organization Chart of MR (Operation & Administration Organization)
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The project shall be covered by the Divison 7 (Yangon Central - Darbain), the Division 6 (Tongyi —
Thaung Daing Kone), and the Division 5 (Taungoo - Shanywa) .

Figure.1-2 shows the maintenance organization for the signaling equipment in Yangon Central and
Pazundaung Stations. The maintenance organization for important equipment such as the interlocking
devices, electric interlocking, and track circuit operates in shifts corresponding to 24-hour maintenance
at each station. In the case of a malfunction or problem, the organization that mainly consists of Junior
Engineer-3 and lower level workers promptly executes the required site tasks. Furthermore, a special
organization that consists of experts has been established for the maintenance of the optical cables.

For the other stations in the Division 7, maintenance organizations specific to each station have been
established. Organizations have been established so as to be capable of conducting maintenance works

24 hours a day, particularly for the signaling facilities located between Mahlwagon and Ywathagyi.

| Divisional Engineer |
' Yangon

| Junior Engineer-1 |

| Yangon
[ |
Junior Engineer-3 | | Junior Engineer-3 |
Yangon | Yangon
[ \ \
| Junior Engineer-4 | | Junior Engineer-4 | | Junior Engineer-4 |
Yangon Yangon ‘ Pazundaung
Fitter Fitter Fitter Fitter Fitter Fitter Fitter Fitter Fitter
Labor Labor Labor Labor Labor Labor Labor Labor Labor
\ J | J
| [
Telecoms. including Signalling Signalling
Optical Fiber Cable (Yangon Central Station) (Pazundaung Station)

Source: The Study Team
Figure.1-2 Maintenance Organization for Yangon Central and Pazundaung Stations

Figure.1-3 shows the maintenance organization for the section between Tongyi and Pyuntaza in the
Division 6. Unlike the organization for the Division 7 that covers the Yangon suburban section, the
staffs are located in the major stations only based on the number of trains operated and the installation

conditions of the facilities. Also, the organization for the Division 5 is similar to that for the Division 6.
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Divisional Engineer
Yangon
Assistant Engineer
Yangon
Junior Engineer-2 Junior Engineer-1 Junior Engineer-2
Bago Nyanglebin
Junior Engineer-4 Junior Engineer-3 Junior Engineer-3 Junior Engineer-3
Bago Pyuntaza
Fitter 2 staffs
Fitter Fitter Fitter | Labor || Labor ” Labor || Labor ||Fitter14staffs|| Labor || Labor || Labor || Labor ” Fitter ” Fitter4staffs|
Labor Labor Labor
Y Tongyi  Kyauktan Tawa  Payathonzu Bago Shwele Phinbongyi Kadok Panugdawthi Daik-u Pyuntaza
L
¥

Telecoms. including
Optical Fiber Cable

Signalling
Source: The Study Team
Figure.1-3 Maintenance organization for the section between Tongyi and Pyuntaza Stations in the

Division 6

1-5-2 Finance and Budget

Table-3 shows the financial balance of MR for the past three years. Because the fare was raised
three times, the financial balance has improved. However, it has not yet been possible to produce
surplus due to such events as the opening of the highway, improvement to bus transportation and a
decrease in customers due to the fare increase.

Although the operation and maintenance costs have increased by approx. 10% year to year in recent
years, the maintenance expenditure for the signaling and telecommunication department has hardly
increased. Therefore it has been impossible to secure the necessary spare parts and the MR engineers

and staffs are only maintaining functionality by repairing the existing facilities, which are deteriorating.
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Table.1-3 Financial balance of MR (Unit: Million Kyat)
Item FY2010 FY2011 FY2012
Passenger 20639.34 29,460.28 36,205.13
Goods 8,288.01 16,734.96 19,623.33
Revenue
Others 4,237.27 4,803.63 5,826.15
Total income 33,164.62 50,998.87 61,654.61
Operating expenses 66,346.52 71,535.05 78,058.67
(maintenance expenditure for signaling &
680680 680680 700
communication facilities) *1
Expenses
Interest 61.66 12.61 4,217.61
Profit & Loss on foreign exchange (25.22) (1.75) -
Total Expenses 66,382.96 71,54591 82,276.28
Balance (33,218.34) (20,547.04) (20,621.67)
Without interest 199.98% 140.26% 126.60%
Operating Ratio
With interest 200.16% 140.29% 133.45%

Note) The fiscal year begins in April and ends in March.

*1 Including personnel costs. The personnel costs correspond to approx. 70% of this item.

Source: Prepared by The Study Team based on "Facts about Myanmar Railways Up to June 2013"

and the other materials

The operation and maintenance costs for the facilities introduced in this project are included in the
maintenance expenditures for signaling and communication equipment. Considering that the
maintenance budget of MR is low and that currently spare parts for the existing equipment have not
been secured sufficiently, it will be necessary to increase the maintenance expenditure. It is believed
that MR can bear the additional expenses since the yearly average of operation and maintenance
expenses is estimated to be approx. 165 million Kyat, which corresponds to only 0.2% of the total
expenses of MR. Furthermore, it was confirmed that the budget will be secured for the operation and

maintenance of equipment introduced in this project.

1-5-3 Technical Level of MR

The human resources development programs in the MR signal & telecommunication department vary
widely between the executive candidates who graduated from university and other staffs. The executive
candidates are engaged in various jobs such as those of Junior Engineer in various Divisions and have
experience with managing and administrative tasks. During the process, they sometimes work for

overseas projects and/or foreign manufacturers to improve their comprehensive technological ability.
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Staffs other than the executive candidates, mainly the Junior Engineers, receive training for facilities
maintenance and other tasks in the Central Institute Training Center (CITC) located in Myeikhtila. And
there is a workshop for the signal equipment in Yangon. MR staff members repair the equipment by
themselves without outsourcing except in such cases as a failure of IC boards that cannot be repaired by
the MR's staff. Failed VHF and UHF communication devices are repaired in Nay Pyi Taw. MR's staffs
are also engaged in the design and execution of new installations and renewal work for part of the relay
interlocking devices.

According to the conditions above, it is considered that MR's staff has a high level of technical
capability. In the maintenance method which MR has adopted, on the other hand, although inspections
are regularly conducted on the major facilities, such as the electric point machine and track circuit in the
stations which are important for operation such as Yangon Central Station, most of the signal and
telecommunication facilities are maintained using breakdown maintenance. Its inspections and repairs
are conducted only after a device fails because of the constant lack of the spare parts. Therefore signs of
deterioration for the devices in advance seem to be generally overlooked.

For the new equipment that will be introduced in this project, preventive maintenance rather than
breakdown maintenance will be required to maintain the equipment in an appropriate condition. In this
project, the study team shall establish a maintenance system that enables MR itself to maintain the
equipment at an appropriate condition and to find failure and to restore early in order to improve

reliability and lifespan.

1-5-4 Existing Equipment

For the interlocking equipment in Yangon Central Station, the electric interlocking devices
manufactured by Westinghouse have been in use since 1950 and control 174 routes. Not only the relays
but also the signal cables that constitute the backbone of the system have been used since the beginning
of operation and have obviously deteriorated. Also in Pazundaung Station, all of the relay interlocking
devices manufactured by Siemens have been used since their introduction in 1970 without being
upgraded, and deterioration has progressed. Although these two stations are located next to each other,
no block system has been installed between them and the wiring configurations of interlocking devices,
signals and electric point machines are completely different from each other because they were made
by different manufacturers.

Most of the level crossings are not equipped with warning devices and their gates are currently
operated manually. Also, there are no warning facilities installed at the Kyan Sit Thar Level Crossing
and other level crossings located between Toegyaungkalay and Ywathagyi except for the level
crossings in station premises. For the level crossings without warning facilities, the safety of the
passersby walking through the crossings is secured only by the whistle of the train, the gate that is

manually operated by the gatekeepers and the flag signaling of them.

10
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The OCCs are only equipped with radio devices for communication between the station and the
OCC, and have no facilities for monitoring the whole route. Therefore, although the recording of actual
operation results is mostly conducted by the dispatchers, they cannot perform their primary tasks of

centralized management of the operation condition for entire routes and appropriate instruction.
1-6 Current Circumstances around the Project
1-6-1 Current Circumstances of Infrastructure in Myanmar

Table.1-4 shows the current circumstances of infrastructure in Myanmar, related to the project.

Table.1-4 Current Circumstances of Infrastructure in Myanmar

Item Circumstance

Electricity In Myanmar, 72% of the electric-generating capacity is hydroelectric power generation.
Therefore, in the dry season, the electric-generating capacity decreases.
For proper use of electronic devices, power-generating and power-receiving facilities

must be improved for important-to-safety of train transportation.

Gas Not applicable to the project.

Water Not applicable to the project.

Telephone | Dedicated phone line is needed for train traffic communication.

Road In the last ten years, the number of vehicle registrations
has grown approximately 10 times, but road maintenance and
improvement are inadequate.

Trains might be better than trucks for equipment
transportation in places which have only narrow roads

to the station.

Others In rainy seasons, localized floods occur in urban areas
because of inadequate river improvement work. At such areas,

preventive measures should be taken against floods.

Source: The Study Team
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1-6-2 Natural Conditions
To review the installation method in consideration of natural conditions, the study team collected

government-issued publication and interviewed MR officials.

1) Myanmar Climate Map / Annual Rainfall Map

Monsoon

Savannah B 5,000mm~
B 3,000~5,000mm
Warm climate 1,500~3,000mm
P Tundra P ~1,500mm

Source:Department of Meteorology and Hydrology (Myanmar)
Figure.1-4 Climate Map Figure.1-5 Annual Rainfall Map

12
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2) Temperature / Rainfall / Humidity
Table.1-5 Yangon Meteorological Data (Kaba-aye Observatory)
Item JAN | FEB | MAR | APR | MAY | JUNE | JULY | AUG SEP OCT | NOV | DEC
DRY HOT RAINY DRY

Max Temperature('C) | 33.5 | 35.6 | 36.9 | 37.6 | 32.9| 30.8| 30.2| 30.1| 30.8| 32.7|33.9]|32.9

Min Temperature(‘C) | 16.6 | 18.1 | 20.6 | 23.2 | 22.9| 22.3| 22.1| 22.2| 22.2| 22.2|20.1|16.9

Avg Temperature(‘C) | 25.0 | 26.8 | 28.7 | 30.4 | 27.9| 26.6| 26.2| 26.1| 26.5| 27.4|27.0|24.9

Rainfall (mm) 06| 1.6|16.7|76.9|447.5|562.9|573.3 | 527.8| 460.6 | 200.0 | 38.0 | 11.8

Humidity (%) 79| 70| T3] T4 87 90 92 94 93 85| 78| 80

Source:Department of Meteorology and Hydrology (Myanmar)

3) Earthquake
Myanmar can be divided into 3 seismically active regions, namely the Northwestern Region, the
Central Lowland, and the Shan-Yunnan Region. During the 20th century, at least 18 large earthquakes

occurred along the Central Lowland where the well-known Sagaing Fault passes through.

4) Lightning Strikes

According to the MR staff, 3 lightning strikes occurred around the Yangon area this year as follows:

- Place: Yangon Central Station
Damaged equipment: Main WCR relay (1 unit)
Date: 6. 5. 2013

- Place: Mingalardon Station
Damaged equipment: 660V Main Transformer (1 unit) and Track Transformer (3 units)
Date: 25. 6. 2013

- Place: Danyingone Station
Damaged equipment: 660V Main Transformer (1 unit) and Track Transformer (5 units)
Date: 27. 8. 2013

5) Flood

Myanmar receives practically all its rainfall between mid-May and October, during which flooding is
common. The riverine floods are common in the river delta while the flash floods and landslides are
frequent in the upper reaches of the river systems, which are normally the mountainous areas. In the

cities and towns, localized floods occur from time to time.

13
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1-6-3 Environmental and Social Considerations

(1) Environmental Impact Assessment

Final Report

1) Scoping of Social and Environmental Considerations of the Business Plan

According to guidelines for Environmental and Social Considerations, we explore the impact

on pollution abatement, natural environment, and social environment.

Table.1-6 Scoping results of Environmental and Social Considerations

Assessment
Classification | No Item Before/During After Reason of Assessment
Construction | Construction
Pollution 1 Air pollution B- B- -During Construction
abatement Exhaust gas from the construction
machine might make air pollution.
-After Construction
Exhaust gas from the power
generator might make  air
pollution.
2 Water B- D -During Construction
pollution Because of the excavation work,
muddy water might spread
around.
3 Rubbish B- D -During Construction
Appropriate management of waste
is needed for construction waste
soil and removal equipment.
4 Land D D Construction that creates land
pollution pollution is not expected.
5 Noise/Oscill B- B- -During Construction
ation Construction vehicle might
make noise pollution.
-After Construction
Humming of power engine
generator might make noise
pollution.
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Assessment
Classification | No Item Before/During After Reason of Assessment
Construction | Construction
Pollution 6 Ground D D Ground subsidence is not
abatement subsidence expected during construction.

7 Odor D D Odor is not expected during
construction.

8 Riverbed D D Riverbed pollution 1is not

pollution expected during construction.
Natural 9 Sanctuary D D There are no national parks
environmen or sanctuaries in or around
t the project scope.

10 | Ecosystem D D Ecosystem effects are not
expected because construction
is to be conducted on railway
land.

11 | Precipitatio D D Impact on precipitation is not

n expected during construction.

12 | Landform/ D D Impact on landform or

Geology geology 1s not expected during
construction.
Social 13 | Resident D D Resident relocation is not
environmen relocation expected because construction
t is to be conducted on railway
land.
Social 14 | Poorest D B+ -After Construction
environment segment  of Improvement of railway
the infrastructure will have a positive
population impact on revitalization of
economic activity.

15 | Minority D D There are no minority groups

group living in the project scope.

16 | Employment B+ D -During Construction
Construction work is expected to
generate jobs.

15
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Assessment
Classification | No Item Before/During After Reason of Assessment
Construction | Construction
17 | Use of land/ D D Impact is not expected because
Use of construction is to be conducted on
resources railway land.
18 | Use of water D D Impact on use of water is not
expected.
19 | Social D D Impact on social infrastructure
infrastructure and social service is not expected.
/
Social
service
20 | Social capital D D Almost no impact is expected.
/ Regional
Decision-ma
king
Organization
21 | Bias of D D No impact is expected.
damage and
convenience
22 | Conflict of D D The occurrence of interest
interests opposition in the region is not
expected.
23 | Cultural D D Impact on cultural heritage is not
heritage expected.
24 | Landscape D D No impact is expected on
landscape.
Social 25 | Gender D D Negative impact is not expected
environment on gender.
26 | Children’s D D Negative impact is not expected
rights on children’s rights.
27 | HIV/AIDS B- D -During Construction
HIV/AIDS infection may spread
due to influx of construction
workers.
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Assessment
Classification | No Item Before/During After Reason of Assessment
Construction | Construction
28 | Labor B- D -During Construction
environment Workers must be considerate of
the working environment.
Others 29 | Accident B- D -During Construction
Workers might collide with a train
during construction.
30 | Climate D D No impact is expected on climate
change change.
Source:The Study Team
Grade:

A- : serious negative impact

B- : negative impact

C : impact is unknown / continuing study is needed

D : no impact / study is not needed

A+ : very positive impact

B+ : positive impact

17



The Project for Installation of Operation Control Center System and Safety Equipment
Final Report

ii) Terms of Reference for Environmental and Social Considerations
Table.1-7 shows survey items and survey procedures about the scoping results “A”, “B” and

“C”, in terms of reference for environmental and social considerations

Table.1-7 Terms of Reference for Environmental and Social Considerations

Impact expected Survey item Survey procedure
Air pollution During construction / | Make a hearing investigation of relevant
After construction organizations
Water pollution After construction Make a hearing investigation of relevant
organizations
Rubbish During construction Make a hearing investigation of relevant

organizations / Confirm the law

Noise/Oscillation During construction /| Make a hearing investigation of relevant
After construction organizations

HIV/AIDS During construction Make a hearing investigation of relevant
organizations

Labor environment During construction Make a hearing investigation of relevant

organizations /
Make a hearing investigation of other project

managers

Accident During construction Make a hearing investigation of relevant

organizations

Source:The Study Team
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iii) Results of Environmental and Social Considerations

Table.1-8 shows the results based on survey procedure.

Table.1-8 Results of Environmental and Social Considerations

Impact Assessment of scoping | Assessment after survey Reason of Assessment

expected | Before/Durin After Before/Duri After

g Constructi ng Constructi
Construction on Constructio on

n

Air B- B- D D -During Construction
pollution The impact on air pollution
is not serious because the
transportation frequency is
low.

-After Construction

The impact on air pollution
is not serious because the
power  generator  only
operates during electrical

outage.

Water B- D D D -During Construction
pollution The 1impact to water
pollution 1is not serious

because the excavation soil
will be backfilled.

Rubbish B- D B- D -During Construction

There is no legal
restriction about waste
disposal method under the
laws of Myanmar, but
appropriate management

of waste 1is needed.
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Impact

expected

Assessment of scoping

Assessment after survey

Before/Duri
ng
Constructio

n

After
Constructi

on

Before/Duri
ng
Constructio

n

After
Constructi

on

Reason of Assessment

Noise/Osci

llation

B-

B-

D

D

-During Construction
The

oscillation is not serious

impact on noise /

because the transportation
frequency is low.

-After Construction

The
oscillation is not serious
the

impact on noise /
because power

generator only operates

during electrical outage.

HIV/AIDS

-During Construction
HIV/AIDS infection is not
the

number of workers will not

serious because

be so large.

Labor
environm

ent

-During Construction
The
should be

follows:

labor  environment

considered as

- Working long hours under
high temperature must be
avoided.

- Frequent, adequate

hydration.

Accident

-During Construction
Awareness of accidents is
needed, due to carrying heavy
fieldwork

performed near the rail.

equipment  and

20
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iv) Counterplan
Table.1-9 shows counterplans regarding the survey results “A”, “B” and “C”
Table.1-9 Counterplan
Item Phase Counterplan Implementing Agency

Rubbish During -Appropriate management of waste. Contractor

construction -Promote the recycling of rubbish.
Labor During -Avoid working long hours under high | Contractor
environment | construction temperature.

-Frequent, adequate hydration.

Accident During Education of workers to prevent | Contractor

construction accidents.

Source:The Study Team

(2) Acquisition of Land / Resident Relocation

Acquisition of land and resident relocation is not expected because construction is to be conducted

on railway land.
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Chapter 2 Contents of the project
2-1 Basic Concept of the Project

At the 1* Myanmar Development Cooperation Forum in January 2013, the Ministry of
Rail Transportation adopted the improvement and modernization of the Yangon - Mandalay
main line (approx. 620 km) as a new prioritized project. In this modernization project, it is
planned to refurbish the signal and telecommunication facilities in order to reduce the travel
time of passenger transportation between Yangon and Mandalay to 8 hours or less. The
Myanmar government requested a yen loan for this modernization program in November,
2013. According to the results of the examination of the project that was conducted by JICA
for the request, the commitment for the yen loan was pledged at the summit talks between
Japan and Myanmar. Basic design and detailed design work for the phase 1 section (the
section of approx. 270 km between Yangon and Taungoo) of the Yangon - Mandalay railway
development project started in July, 2014. In the Grant Aid Project, a part of the work for
sections of the modernization project shall be carried out.

The Japan side will contribute capital investment that will be beneficial as a Grant Aid
Project prior to the modernization project for the Yangon - Mandalay main line for the
purpose of contributing to the improvement of MR’s safety and transportation services.
Furthermore, setting "contributions to the improvement of MR’s safety and transportation
services" as the aim of the project, the following three components shall be constructed to
accomplish the "arrangement of equipment that contributes to the improvement of MR’s
transportation capacity and safety" (some equipment is planned to be put into operation by

around the autumn of 2015). (Figure.2-1)

i) Introduction of Concentrated Electronic Interlocking System (at Yangon Central
Station and Pazundaung Station)

ii) Introduction of automated level crossing alarm facilities at the Kyan Sir Thar Level
Crossing located between Toegyaungkalay Station and Ywathagyi Station

iii) Introduction of Centralized Train Monitoring System in the section of Bago
Division OCC which have jurisdiction from Yangon Central Station to Pyuntaza
Station (This includes the installation of new operation information displays in Nay
Pyi Taw Central OCC.)

In addition, the study team proposes details of which Myanmar will take charge,
implementation plan, and items that require special attention for the operation and
maintenance of projects. Also the study team will prepare the soft component plan (the

technical assistance plan) to facilitate the operation and maintenance of the projects.
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Taungoo
Thaung Daing Kone

Nyaung Le Bin

Pyuntaza
Daik-u
Eimshaylayse

Centralized Train Monitoring Payagyi
System
(Yangon Central - Pyuntaza)
- Central devices & monitors Payathonzu
in Bago OCC
- Monitors for central
monitoring in MR
Headquarters

Yangon-Mandalay Main Line
Tawa

Kyauktan

Darbain

Kyan Sit Thar Level Crossing

(in cooperation with “Project on
Improvement of Service and Safety
of Railway in Myanmar”)

Yangon Circular Line Laydaungkan

Ywathagyi
Toegyaungkala
Thingangyun

Mahlwagon

Pazundaung
Yangon

Central

Concentrated Electronic Interlocking System at
Yangon Central & Pazundaung Sta.

Source:The Study Team
Figure.2-1 Three components of the Grant Aid Project

2-2 Outline Design of the Japanese Assistance
2-2-1 Design policy
(1) Basic policy
For this project, the both countries have selected components to be carried out with
higher priority in the railway modernization project for the Yangon - Mandalay main
line in Myanmar with an aim to improve MR’s safety and transportation service.

Table.2-1shows items from the basic policy for designing each component.

Table.2-1 Basic policy for design

Component Basic policy for design

1) Introduction of Concentrated | - Installation of a new signal cabin and signal equipment
Electronic Interlocking room on the 2nd floor of Yangon Central Station. (Shared

System at Yangon Central with the new Bago Division OCC)

Station and Pazundaung - Installation of a sub-equipment room for the signaling

23



The Project for Installation of Operation Control Center System and Safety Equipment

Final Report

Station

system in Pazundaung Station in order to control the
signals and electric point machines in the station.

- Renewal of the signals, electric point machines, and train
detection devices.

- Along with the renewal of the electric point machines, the
parts of the turnouts (tongue rails) and the sleepers related

to the electric point machine will be replaced.

ii) Introduction of automatic
warning device at the Kyan
Sir Thar Level Crossing
located between
Toegyaungkalay Station and
Ywathagyi Station

- Installation of an electric level crossing barrier. (The gate
will be operated by the gatekeeper.)

- Introduction of gate signals to notify the train drivers of
the warning sound and the descent of the crossing barrier.

- A back-up device will be installed for the level crossing
control devices because they are likely to be influenced by

the conditions of the track.

iii) Introduction of Centralized
Train Monitoring System in
the section of Bago Division
OCC which have jurisdiction
from Yangon Central Station

to Pyuntaza Station

- A new Bago Division OCC will be established in the 2nd
floor of Yangon Central Station. (Shared with the new
signal cabin.)

- Bago Division OCC will be equipped with an operation
indication panel that shows train location information, a
device that shows the diagram for the day and the
management equipment of the train numbers.

- Train detection devices will be installed at each station in
order to obtain train location information. The existing
optical cables will be used for data transmission.

- The Central OCC located at the MR headquarters in Nay
Pyi Taw will be equipped with a monitor that reflects the

indication for Bago Division OCC.

Source: The Study Team

To facilitate the operation and maintenance of these components, the Japan side will

provide "Support for development of equipment inspection rules", " Awareness

education for level crossing users" and "Signal setting training for station staff and

education and guidance for dispatchers" as the soft component (the technical

assistance).
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For the design criteria, because there are no internal provisions to be followed for

design in MR, our plan will comply with the "Technical Regulatory Standards on

Japanese Railways" as well as the electricity laws, labor laws, environmental

protection laws, and telecommunication laws in Myanmar.

(2) Design Policy in consideration of natural environment and social economy

The proposal of design policy in consideration of natural environment and social

economy is shown in Table.2-2.

Table.2-2 Design Policy in consideration of natural environment and social economy

Item

Proposal

Air

temperature

i) Proposal of Outdoor Works

There is no legal restriction about outdoor work under the laws of
Myanmar, but the labor environment should be considered as follows:
- Working long hours under high temperature must be avoided.
- Frequent, adequate hydration.
ii) Proposal of Electronic Devices

There is no legal restriction about electronic standards under the laws of
Myanmar, but temperature regulation control should be required for proper

use of electronic devices.

Rainfall/Flood

There is no legal restriction about the installation method of equipment
under the laws of Myanmar and MR regulation, but preventive measures

against floods should be taken.

Earthquake

There is no legal restriction about the installation method of equipment
under the laws of Myanmar and MR regulation, but heavy equipment in

particular should be prevented from falling.

Lightning

strike

There is no legal restriction about electronic standards under the laws of
Myanmar, but electronic equipment should be protected from lightning

strikes through the use of protective devices.

Social

economy

To reduce the maintenance cost, reliable and durable electronic devices
should be used.

Source: The Study Team

(3) Construction and procurement circumstances in Myanmar

In Myanmar, there are experienced local contractors for civil and architectural

facilities installations including reinforced concrete foundation works, steel or concrete
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support structures, production and installation of wayside terminal boxes, cable
installations, utility buildings, etc.

Japanese contractors shall employ such local contractors for installation of facilities.
However, the local contractors do not have sufficient experience on the modern railway
signals, communications, and level crossing facilities installation. Therefore, Japanese
contractors shall assign Japanese site installation supervisors who are skilled in detailed
design, the software, system integration tests, initial trial operations, and site installation
of specialized facilities for railway signals, communications, and level crossings.

Common civil and architectural construction materials such as cement, reinforcing
bars, and formworks are supplied in the Myanmar market. Imported special steel

materials, cables, and the like are also available in the local market.

(4) Policy for operation and maintenance

Currently MR basically maintains the signalling and telecommunications after
breakdown, which is repaired after they fail, although regular inspections are conducted
before equipment fails in the main stations. Furthermore, MR only keeps a very small
amount of spare parts because of the tight budget, so it is very hard to secure the spare
parts required for the repair of failed equipment. The spare parts should typically be
secured by the implementation organization in the country. However, in the Grant Aid
Project, the Japan side will prepare the spare parts that are considered to be necessary
for maintaining the facilities for at least one year, taking into consideration of incidental
failures caused by a natural disaster such as lightning and heavy rains.

The amount of the yearly average operation and maintenance expenses for the
equipment to be prepared for this project is estimated to be approximately 165 million
Kyat. This amount corresponds to approximately 79% of MR’s maintenance expenses
for signal and telecommunication section (excluding the personnel costs). Considering
that the maintenance budget of MR is lean and spare parts for the existing equipment
have not been sufficiently secured, it will be necessary to increase maintenance
expenditures. It is considered that MR can bear the expense because the amount of the
average yearly operation and maintenance expenses corresponds to only 0.2% of MR’s
total administrative expenditures. Furthermore, it was affirmed that the budget will be
secured for the operation and maintenance of the equipment newly introduced through
this project by MR.

The operation and maintenance staff operate in 24 hours a day, in Yangon Central
Station and Pazundaung Station. There is also a special team for maintenance of the

optical cables. In an interview, the executive taking charge of the signaling &
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communication department said that maintenance can be conducted with the current
organization. Therefore, they will not request an increase in the operation &
maintenance staff for this project.

In MR, the maintenance staffs are trained through the guidance by upper-level staff
and on-the-job training (OJT) to learn practically how to cope with repair failures. MR
repairs any failed equipment by itself and reuses it. Therefore it is considered that the
current maintenance staff have a high level of skills and ability, however, it is necessary
to refine the maintenance schemes, such as the inspection rules.

Because the operation procedures and operation & maintenance methods of the
equipment that will be procured in this project differ from those of the existing
equipment, the initial operation training will be provided by technicians delegated from

the manufacturer, apart from the soft components which is technical assistance by

consultants.

(5) Construction Work Design Policy

Table.2-3 shows the construction work design policy in consideration of natural

conditions and trackside installation.

Table.2-3 Construction Work Design Policy

Item

Design Policy

Countermeasures

against temperature

Air-conditioning equipment is needed to control temperature for

proper use of electronic devices.

Flood countermeasures

Concrete foundation for equipment should be installed higher

than usual to take preventive measures against floods.

Countermeasures

against lightning strikes

Electronic equipment should be protected from lightning strikes

through the use of protective devices.

Anticrime measures

Equipment should be installed in rooms or equipment boxes that
can be locked for safety, and security guards are needed for
temporary storage.

Cables should basically be buried or installed in high places.

Countermeasures
against electricity

outage

Batteries and engine generators are needed for electricity

outages.

Trackside installation

Trackside installation should be kept at a sufficient distance

away from rails for safe passage of trains.

Source: The Study Team
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(6) Procurement method

Automatic level crossings and train monitoring systems are not installed in MR. As
for the electronic interlocking device, the first devices for MR is currently being
constructed at the Yangon suburbs and Nay Pyi Taw. For design and procurement of
major equipment, it is necessary to carefully carry out guidance of the initial start-up
operation and maintenance, to take into account inexperience in design, construction,

operation, and maintenance.

2.2.2 Basic Plan
(1) Installation of the concentrated electric interlocking system at Yangon central and
Pazundaung station
@Outline of plan

In the section between the Yangon central station and Pazundaung station, the Yangon
Circular and Yangon - Mandalay Main Line has been operating on a four-track line. At
Pazundaung station, the Yangon Circular and Yangon - Mandalay Main Line cross each other.
Though this section has high traffic density, trains are operated by telephone contact between
Yangon central station and Pazundaung station, but they cannot mutually confirm train
positions directly. Delays are caused by train crossing, especially at Pazundaung station,
because many trains come from Yangon central station and the neighboring stations of the
Main Line and Yangon Circular.

Because of the present situation, MR has a plan to improve rail alignment between Yangon
central station and Pazundaung station. However, there is problem that the states of
signalling device of Yangon central station and Pazundaung station are not enough to change
rail alignment because both interlocking device are old and it is difficult to secure those
spare parts. Use of Yangon central station’s interlocking began in 1950 and use of

Pazundaung station’s interlocking began in 1970.
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YANGON

YANGON STATION YARD

Source:The Study team
Fig.2-2 Yangon central station

In these circumstances, a plan was proposed. The plan implements a concentrated
Electronic Interlocking System at Yangon central station and Pazundaung station. The
purpose of this plan is to shorten delays by operating the train route intensively in Yangon

central station’s signal cabin.

(a) Yangon central station

Yangon central station has 174 routes (Fig.2-2 & Table.2-4). The interlocking, a relay
logic device manufactured by Westinghouse (Great Britain), the component equipment of
interlocking, relays, cables, and power supplies have all been in use since 1950. There are
colour lighting signals (LED) and DC track circuits (single rail track circuit). The track
relays are in wayside signal boxes. The train detector detects trains position through
reaction relays of track circuits that are in the signal equipment room.

In Yangon central station, track submergence often happens in the rainy season (Fig. 2-3 &
Fig. 2-4). Therefore, the wayside signal equipment is in poor condition.

There are no Automatic Train Protection (ATP) systems. However, there are some
derailment turnouts at important route intersections.

The problem with this station is the poor drainage of the station yard. Domestic
wastewater is directed to the north-west of the station and the soil is no good (Fig.2-5 &
Fig.2-6). Electric point machines and the signal box tend to be submerged when flooding
occurs frequently during the rainy season. Equipment that was submerged can only be used

after drying and repair. If the device loses function due to flooding, the station attendant
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conducts train operation through route composition with the hand wheel and cues train
drivers with a Semaphore Flag until the devices are restored.

This situation is harsh with the signalling equipment, even the latest waterproofed ones.
Other than the modernized construction of station facilities, it is necessary to examine

water improvement measures.

Source: MR
Fig.2-3 Track submergence (Westside in the station)

Source: MR
Fig.2-4 Track submergence (Center in the station)

30



The Project for Installation of Operation Control Center System and Safety Equipment
Final Report

Source: MR
Fig.2-5 One of the causes of the submergence

Source: MR
Fig.2-6 Inflow spot of the water
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Fig.2-7 Pazundaung station

(b) Pazundaung station

Pazundaung station has 18 routes (Fig. 2-7 & Table.2-4). The interlocking, a relay logic
device manufactured by Siemens (Germany), the component equipment of interlocking, relays
and cables, and power supplies, have been used since 1970.

There are Siemens-style colour lighting signals (with route indicator, LED) and DC track
circuits (single rail track circuit). There are no ATP systems.

As for the difference with Yangon central station, the basic design concept of the interlocking
is to concentrate the equipment in the signal equipment room. Therefore, there are some track
relays for block signals in Pazundaung’s signal equipment room.

In addition, there is no flooding in the Pazundaung station yard, unlike Yangon central

station.

(c) About interlocking renewal
The study team proposes to install new signal equipment with existing signal equipment in
parallel during construction. Because the condition of existing signal equipment is poor, the

study team deems the use of this equipment to be difficult. Therefore, through this construction,
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the study team will have a plan to modernize both the interlocking device and the wayside
signal equipment.

The new interlocking system of Yangon central station and Pazundaung station is planned to
be centrally operated at Yangon central station. The new system installed in each station is
operated at Yangon central station by delivering information through optical cables. Refer to (d)
for information about the new signal cabin and new signal equipment room. In particular, as a
flooding countermeasure for the rail, the study team proposes to install and raise NS type
electric point machines by 200 mm (8”) ~ 300 mm (1°). NS type was chosen because the
operational performance in rainy Japan and the option for submergence measures are substantial.
Also, the study team suggests the H-DC track circuit system for the train detector system . The
merits of H-DC track circuits are as follows. The length of the track circuit is less than 300 m
(985), and the train detection sensitivity provided is more than 0.5 ohms. In addition, the
system is suitable for the bad condition of the rail because the voltage between the rails is more

than 5A in 12V, short circuit electric current.

(d) New signal cabin and new signal equipment room

The existing signal cabin and signal equipment room of Yangon central station and
Pazundaung station are in one building, respectively. But there is not enough space to install
new equipment in the building. Therefore, it is a necessary condition to secure new space for a
new interlocking system.

In Yangon central station, MR will arrange new space for a new signal cabin and new signal
equipment room on the 2™ floor of the Yangon main building. The space is big enough to set up
a new signal cabin, OCC, and new signal equipment room on one floor.

On the other hand, in Pazundaung station, MR will arrange new space for a new signal
equipment house near the existing signal cabin building. The space is about 50 square meters,

and is enough to install a new interlocking system at Pazundaung station (Fig. 2-10 & 2-11).

(e) Relation with the Yangon Central Railway Station redevelopment project

Around Yangon central station, there are many redevelopment projects, including the
establishment of commercial facilities. A new signal cabin and signal equipment room is
necessary for this interlocking renewal plan, but they will be established in an existing building
because there is no land to newly build them in Yangon central station.

Initially, there were suggestions from DIVISION7 of MR for the new signal equipment room
and new signal cabin, and the study team planned to install them in the SINO building, which is
used by DIVISION7 of MR. However, there is information of a redevelopment plan that around
this building. Therefore, the study team held a meeting about this with U Htun Aung Thin, the
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General Manager of Lower Myanmar administration of MR. The study team concluded to build

a new signal equipment room and signal cabin in the Yangon central station main building

because there is no redevelopment plan due to its historic value (Fig. 2-12).

As a concrete location, MR and the study team will secure approximately 230 square meters

in the 2™ floor of the Yangon central station main building and will install there, as discussed in

a meeting with U Kyaw Kyaw Myo, the Assistant General Manager of DIVISION7.

Main building

SINO building

0

Source: The Study Team

Fig.2-8 Around Yangon central station

Table.2-4 Existing signalling system

Yangon central station Pazundaung station Remark
Number of | 174 18
Routes
Interlocking | Electric Interlocked Relay Interlocked
system (Westinghouse, G.B.) (Siemens, Germany)
Beginning 1950 1970
of use
Signal Colour light signal Same as on the left
aspect
Train DC track circuit (Single | Same as on the left
detection rail use)
system
Number of | 59 29

track circuit
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Yangon central station Pazundaung station Remark
Automatic | None Same as on the left Depends on train
Train driver’s attention and
Protection derail switches.
system
Rail spec 75-1b. A.S.C.E. Rail Same as on the left The rail between
(Near 37 kg Rail) Yangon ~ Mandalay
was maintained in
2011.
Number of | 1:81/2 | 45 1:81/2 | 11 Same as Japanese rail
switches 1:12 12 1:12 None standard: 8#switch,
12#switch
Number of | 10 3
Derail
switches

Source:The Study Team
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Source: The Study Team
Fig.2-9 Renewal plan at Yangon central station
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Fig.2-10 Renewal plan at Pazundaung station
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Source: The Study Team
Fig. 2-11 Total image of the interlocking renewal
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Fig.2-12 Image of the new signal cabin room & signal equipment room

(f) Power supply system

Yangon central station receives electric power from a 1000 kVA transformer of a YESB
(Yangon City Electricity Supply Board) power distribution post located 250 m west of the
station. This project consumes 210 kW from this power source.

The electric power source of the Yangon central station electronic interlocking system is
composed of the YESB power distribution post, MR power distribution post, Yangon new
electric power room, Yangon central station electronic interlocking machine room, Pazundaung
electronic interlocking machine room, and existing step-up transformer of the Yangon central
station signal power room.

An electric power cable connects the YESB power distribution post and MR power distribution
post. The electric power cable to the Yangon new electric power room is connected to the circuit
breaker installed in the MR power distribution post. The power distribution system applies
3-phase 4-wires 400V and 4-core power cables. The power cable is covered with protective
cover, protective tubing, and concrete trough in outdoor cases. Pavement is cut to place the
concrete trough. Cleat is set on the beam under the roof to protect the power cable. Cables along
the wall are installed on the cable rack.

In the new electric power room, a diesel engine generator 210 kVA 3-phase 4-wires 400V is

installed after relocation of the existing 25 kVA generator, and automatically provides electric
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power in case of a YESB power outage. This electric power is connected to a 25 kVA
400V/660V step-up transformer for the Pazundaung electronic interlocking machine room and
the existing 230V/660V step-up transformer.

The Yangon new electric power room and Yangon central station electronic interlocking
machine room are connected by a 3-phase 3-wires 400V system. A cable rack is installed along
the wall. Cleat is set on the beam under the roof to protect the power cable. The power cable
crosses the platform in the pit and goes up to the machine room, covered by cable duct along the
wall. This route is shared with signal wires, and partition walls keep the clearance. The power
cable goes into the machine room free access floor through the 2nd floor window.

The new electric power room and Pazundaung station electronic interlocking machine room
are connected by a single phase 660V system. A cable rack is installed along the wall. Cleat is
set on the beam under the roof to protect the power cable. Pavement is cut to place a synthetic
resin trough from the edge of the SINO building. A power cable is installed on the ground
surface to avoid interference with underground signal wires, goes over the gutter with a through

bridge, and goes under the rail and switching equipment and beside the bridge.

Yangon St. Pazundaung St.
YESB Generator . - !
I-|F—| _ Bridge Over Bridge i

05, o T S Land

Source:The Study Team
Fig.2-13 Route of Electric Power Line

(g) Removal of wayside signalling equipment

This project requires the renewal of the signalling system at Yangon central station and
Pazundaung station. However, scope of this project does not include removing existing
signaling device. Therefore, removing works of existing signaling device becomes MR side
burden sharing and it needs to discuss about this matter with MR. It occurs at both stations of
Yangon center Station and Pazundaung Station. The number of wayside equipment needed to be

removed is shown in Table.2-5
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Table.2-5 Number of wayside equipment to be removed
Qty.
Equipment Unit Total Yangon central Pazundaung
Station station

Colour light signal Set 35 28
Shunting signal Set 44 44 0
Route indicator Set 2 2
Switch machine Set 81 67 14

Source:The Study Team

Points of confirmation and topics for discussion with MR are as follows.

Disposal of the removed equipment

Does not remove the existing interlocking at Yangon central station and Pazundaung station.

(@Station route control and yard shunting work

(a) Yangon central Station

Yangon station is a terminal station of the Yangon — Mandalay trunk line as well as that
of the Yangon Circular line. To serve the operation of the aforementioned lines, there are
eight departure/arrival tracks, a locomotive siding track, a route to the freight yard, a

route to the locomotive depot, and other groups of serving lines in Yangon station.

The shunting work at Yangon station includes train departure preparation at the
departure/arrival line, changing locomotives, and locomotive siding, but all the shunting
work is decided by the station master of the day and not planned in advance. Route
control for station yard work, except for the freight yard and locomotive depot, is
operated by the ‘first class electro-mechanical interlocking device located in the station
signal control room. There are 174 routes controlled by this interlocking device (machine),

and the usage of each route ranges from 80 to 400 per day, which is quite numerous.

The station shunting work is investigated to consider reducing the number of routes
controlled by the interlocking device, and it is assessed that four or five routes could be
managed at the site. However, reducing only four or five routes does not have significant
effect to the electronic interlocking device’s cost. Moreover, managing at the site requires
complicated procedures and communication with the station signal control room and is
likely to cause human errors. Taking the above into consideration, it is decided that

control of all the existing routes be performed by the new electronic interlocking.
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(b) Pazundaung Station
Pazundaung station is an intermediate station which controls the signal and setting
block system for Mandalay trunk line trains and Yangon Circular line trains. There are 18
routes in Pazundang station and those are controlled by the ‘first class electro-mechanical

interlocking device’ installed about 40 years ago.

(c) Shunting work after Installation of Electronic Interlocking
Installation of electronic interlocking integrates Pazundaung station’s shunting work
control with Yangon station, thus signal control at Pazundaung station will be reduced.
The organization of the Yangon station signal control room requires three staff, one
control staff for the north area, one for the south area, and one for coordination. One
additional reserve staff to the aforementioned three will enable operation of the signal

control room.

The existing shunting work does not seem to be previously planned and the staff do not
even have ‘station shunting operation diagrams.” The daily shunting plan is described on
this ‘shunting operation diagram’. Work with the shunting operation diagram is absolutely
necessary to perform work smoothly as scheduled and maintain reliable train operation.
Therefore sufficient education/training for MR staff on preparing the diagram in addition

to training on electronic interlocking system operation is recommended.

@ Equipment plan

Major equipment newly installed at Yangon central station and Pazundaung station are
shown in Table.2-6. The study revealed that the particular manufacturers can produce the
electric point machines which meet the specific requirement designed by the study team. The
project shall secure the competition from now on.

It provides a training device for electronic interlocking system because this is first time to
install the system in DIVISION 7. The engine generator should match the signal equipment
and the generating noise should be taken into consideration. The wayside power cable is

installed in a trough on the ground surface.

Table.2-6 Equipment plan for interlocking renewal

Equipment Major specification Qty. Purpose of use
Electronic System configuration 1 unit Electronic
interlocking - SSIrack (Duplex, 192 routes, Program interlocking
system control) system

- TFM rack (Duplex)
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Electronic - Control terminal (Factory computer)
interlocking - Maintenance terminal (Factory computer)
system
I/F rack Include as follows 2units The relay rack

- Relay rack is used for

- FTrack train detection

- OTrack and signal

- Equipment table control.

- Temporary rack The FT/OT
rack and the
equipment
table is used
for I/F to the
wayside signal
equipment,
The temporary
rack is used
for change
point
machines.

Lightning Voltage fluctuation: 3% or less 16sets To protect
resistant Efficiency: Over 95% from lightning
transformer Surge transfer: 1/1000 or less surges
(LT) Insulation classification:

Class H for receiving power

Class B for supplying power
Uninterruptibl | True on-line, double conversion topology with | 2sets Emergency
e power integral automatic bypass power to a
supply system | Input Voltage range: AC 220V ~ 240V load when the
(UPS) Phase: Single phase plus ground input power

Frequency: 50/60 Hz Auto-sensing source fails

Rated power: 5 kVA

Overload: 60 minutes

Colour light LED lighting 29sets Pass
signal Sight distance: 600 m information

Colour:

relating to the
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- G Green (JIS E 3303)
- Y Yellow (JIS E 3303)
- R Red (JISE 3303)

state of the
line ahead to

train drivers

Electric LED lighting 52sets Signal for
shunting signal | Sight distance: 200 m shunting
Colour: White (JIS E 3303)
Route LED lighting 43sets
indicator Sight distance: 200 m (or 100 m for shunting)
Colour: White (JIS E 3303)
Electric point | Operating Voltage: AC105V+20%(Single 81sets For turnout
machine phase) switch
Rated frequency: 50/60 Hz
Control Voltage: DC 24V+20%
Stroke: Throw bar 185 mm
Lock bar 130~185 mm
Operating time: approx. 7 sec or less
Overload clutch: Magnetic
Indirect lock method
Connection Include as follows 8lunits Connect a
parts - Frontrod turnout to an
- Connection rod electric point
- Switch adjuster machine
- Tie-bar
- Sole plate
- Spike screw
- Tongue rail
- Synthetic sleeper
Raised base Include as follows 67units | For
for electric - Raised base (200 mm, 300 mm) submergence
point machine | - Throw bar adapter measures
- Rock rod coupling joint
Training System configuration lunit For operating
Device for - SSIrack training and
electronic - TFM rack maintenance
interlocking - Control terminal training
system - Site simulator
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Diesel engine | 3-phase 4-wires 400V 210 kVA class Iset Emergency
generator power in case
of power
outage
Transformer Single-phase 400V:660V 25 kVA Iset
Electric wire Cross-linked polyethylene insulated vinyl 1978m
sheath cable
Concrete Width 150 mm 148m Protection of
Trough electric wire
Synthetic Width 70 mm 999m Protection of
Resin Trough electric wire
Electrical Wire | Various kinds 122m Protection of
Tube electric wire

Source:The Team Team

(2) Installation of the automated level crossing alarm faciliies between
Toegyaungkalay and Ywathagyi
@ Selection of the level crossing to be automated
There are currently five level crossings, shown in Fig.2-14, between Toegyaungkalay and

Ywathagyi. Two of them near Yangon are located in a station yard.

Source:The Study Team
Fig .2-14 Location of the level crossings between Toegyaungkalay and Ywathagyi

When a level crossing in a yard is automated, the wiring of the interlocking device must be
changed in a short period of time, which increases the risk of accidents. Therefore, these two
level crossings in the station yard were excluded, and the traffic volume survey of the
remaining level crossings was conducted in order to choose an appropriate one. (Shown in

Table.2-7 and Fig .2-15)
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Table.2-7 Traffic volume survey of the level crossings
Sunday Sun 16 /Feb /2014
Level Crossing Foot traverser Bicycle | Moterbike Car Bus Truck
Adult Child
Kyan Sit Thar 714 61 1,830 837 1,371 237 664
Satmhu Zone 828 27 1,953 640 504 3 205
Innwa 1,016 246 1,349 1,005 462 9 193
Weekday Mon 17 /Feb /2014
Level Crossing Foot traverser Bicycle | Moterbike Car Bus Truck
Adult Child
Kyan Sit Thar 636 52 1,741 903 1,362 332 912
Satmhu Zone 860 18 2,451 677 845 151 445
Innwa 902 308 1,649 976 357 97 289

(a) Survey was conducted on both Sunday and a weekday.
(b) Foot traversers were counted in two groups, Adult and Child (under 14 years old).

(c) Bicycles were counted as one regardless whether they were ridden by an adult or child.

Source: The Study Team

Innwa
Satmhu Zone
Kyan Sit Thar

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000

Kyan Sit Thar Satmhu Zone Innwa

m Adult 1,350 1,688 1,918
E Child 113 45 554

® Bicycle 3,671 4,404 2,998

® Moterbike 1,740 1,317 1,981
m Car 2,733 1,349 819
¥ Bus 569 154 106
Truck 1,576 650 482

Source: The Study Team
Fig.2-15 Summary of the traffic volume survey

Based on the survey, the Kyan Sit Thar Level Crossing was selected because it had the

most traffic, its volume of passing traffic including cars was well balanced in various

categories, and the burden on its gatekeeper was rather heavy.
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@ Present situation

With regard to the above-mentioned section, no safety device is installed at this moment
and the passing traffic safety of each level crossing is ensured only by the train’s alarm
whistle, the barrier machine manually handled by the gatekeeper, and his flag signaling.
(Shown in Fig .2-16)

The current handling rules for Level Crossing

Toegyaungkalay-Ywathagyi Level Crossing

N
| Whistle board is more than 1500Ft away |

y g

00000000008
_— e

Z

Crossing Road

The train driver blows the whistle soon after he notices the Whistle Board.

The gatekeeper closes the gate soon after he recognizes the alarm whistle.

The gatekeeper waves the flag at the train driver as the sign of moving forward, after he closes the gate.
The rain driver checks the gatekeeper’s flag and passes through the level crossing.

e. After the train passes through the level crossing, the gatekeeper opens the gate.

~ e o

Source: The study Team
Fig.2-16 The current handling rules for the level crossing

Under the consideration of the above-mentioned situation, the level crossing warning alarm
is installed in order to warn the passing traffic, including cars, and the electric barrier
machine is also introduced in order to reduce the gatekeeper’s burden and shorten the gate
closing time. (As for choosing the appropriate barrier machine type, it should be noted that
there is no height restriction for the passing traffic of the level crossing.)

At the same time, the level crossing control device, including the train detector, and the gate
signal (i.e. gate close indicator) are installed in order to control the warning alarm and inform
the train driver of the gate close.

In order to automate the level crossing alarm, the current handling rules for the level

crossing were carefully studied. The new operational procedure for the automated level

crossing is shown in Fig.2-17.
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@ After implementation

Considering the combination with the existing operation, the final configuration will
become as shown in Figure 2-17 after a part of the operation of the level crossing will be
automatized. For the operation in the future, we plan to station a crossing guard for a certain
period after the implementation to let the train drivers and the level crossing users accustom
to the new system, and then introduce a fully-automatized system in the next step.

MR is required to, as the manager and operator of the facilities, internally discuss the
improvement and amendment on the operation including any change in the rules while
continuously monitoring the situation after the implementation. Because it is quite natural
that the intended situation will change due to a new finding that will be recognized after the
new equipment is introduced and started to operate and increasing familiarity of the operator

and users for the new facilities operator.

ringing

Source: The Study Team

Fig.2-17 Device configuration and operational procedure for the automated level crossing

In usual, power supply of the level crossing uses 600V underground electric wire between

Toegyaungkalay and Ywathagyi.
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The voltage is changed for level crossing by converter and a diesel generator is installed as

an emergency power supply.

Toegyaungkalay Ywathagyi.

Underground 600V

CB
1
1
E.G
L.C
Source:The Study Team
Fig.2-18 Power supply for the level crossing
Yangon Nay Pyi Taw
Under Ground 660V
e = ——— . r—————= >
[ — —— | — - o —_—
] |
EG. HLC. cB. H CB
Source:The Study Team

Fig.2-19 Connection with the generator

@Alarm rule
The train speed limit of the Yangon-Mandalay Trunk Line and the University Line between
Toegyaungkalay and Ywathagyi is as follows:
Y-M Trunk Line: 40 mph (64.37 km/h)
University Line: 25 mph (40.23 km/h)

The gate signal (i.e. crossing gate close indicator) is set up at a location of 600 ft (183 m)
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away from the center of the level crossing. The alarm start point is decided based on the
calculation of the distance traveled in one minute for a train to run from the alarm start point
to the gate signal, at a speed of 40 mph.

Since it takes 70 seconds for a train to run from the alarm start point to the level crossing,
the alarm continuation time is also set to 70 seconds.

The operating train speed of the Yangon-Mandalay Main Line and the University Line
between Toegyaungkalay and Ywathagyi is as follows:

Y-M Trunk Line: 25 mph (40 km/h)
University Line: 10 mph (16 km/h)

Based on the above-mentioned study and under the consideration that the alarm
continuation time is 70 seconds, the calculated alarm time delay element is shown in
Table.2-8 At the time of actual installation work, however, the alarm time delay element
must be adjusted.

Table.2-8 Alarm time delay element

Yangon-Mandalay
o University Line
Main Line

Speed limit 40(mph) | 64.37(km/h) | 25(mph) 40.23(km/h)
Alarm start point T 3520(Ft) | 1072.9(m) 2200(Ft) 670.56(m)
Alarm start point A 3,511(Ft) | 1070.11(m) | 2,191(Ft) 667.77(m)
Arrival time at level crossing (s) 70.30(s) 76.40(s)
Operating speed 25(mph) | 40.23(km/h) | 10(mph) 16.09(km/h)
Alarm start point T at operating speed | 2,200(Ft) | 670.56(m) 880(Ft) 268.22(m)
Alarm start point A at operating speed | 2,191(Ft) | 667.77(m) 871(Ft) 265.44(m)
Arrival time at level crossing at

] 76.40(s) 100.90(s)
operating speed (s)
Alarm time delay element (s) 7.00(s) 25.00(s)

Source:The study Team

Alarm time delay element: Time lag from when the train passes through the alarm start

point to when alarm starts to ring

T: Electric train detector based on track circuit

A Electric train detector based on axle counter

The Control Diagram for Level Crossing in consideration of the alarm time delay element

is as follows:

(shown in Fig .2-18)
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Source:The Study Team
Fig.2-18 Control Diagram for Level Crossing
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Based on the field survey, the necessary equipment for the automated level crossing is as

follows:
Table.2-9 Necessary equipment for the automated level crossing
Equipment | Specification Unit | Quantity | Purpose of use
Level Circuit control: Relay set 1 To control the
crossing Train detection method: Electronic train Warning
control detector (H type), backed up device, Barrier
device by using axle counter machine, Gate
Blackout operating time: 8 hours (by using signal, etc.
both battery and emergency
generator)
Rumbling condition: Based on the control
diagram. Adjustable
Barrier machine is controlled by handling
switch.
Warning Type: Type ‘A’, corrosion protection type set 2 When the train
alarm Component: Warning sign, comes, the
Warning light (using LED), alarm warns the
and Loudspeaker (with volume crossing traffic.
change function)
Operating voltage: DC 24V
Electric Type: Weight type, straight bar set 2 To close the
barrier Component: Barrier bar (made of FRP), gate.
machine and Breakage preventer
Operating voltage: DC 24V
Movement at the time of failure:
Barrier bar closes the gate.
Gate signal | Type: LED (use truck marker as a substitute) | unit | 4 Signal is turned

(i.e.
crossing
gate close

indicator)

Operating voltage: 30V
Sight distance: 200 m

Luminous color: Green

on after barrier
bar closes the
gate

completely.
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Obstruction | Type: Rotating type, using LED unit | 4 To warn train
warning Operating voltage: 24V driver of
signal Sight distance: 800 m emergency.
Luminous color: Red
Control Type: Corrugated steel tube armored and | km 6.8 To connect
cable vinyl rust prevention cable, devices.

CVV-MAZV
Purpose: Control system,
(laid underground)
Specification: Based on JIS C 3401
Rating: 600V, 60°C

Source:The Study Team
Concerning the type of generator, it must be chosen under the consideration of the

consistency with the load, as well as its noise.

Table.2-10 Necessary equipment for the generator

Equipment Specification Unit Quantity | Purpose of use

Diesel generator Single-phase, SkVA class | unit 1 Backup power at the

time of blackout.

Source: The Study Team
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Source: The Study Team
Fig .2-21 Outline Design of Kyan Sit Thar Level Crossing (1)
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Source: The Study Team
Fig .2-22 Outline Design of Kyan Sit Thar Level Crossing (2)
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(3) Installation of Centralized Train Monitoring System for Yangon — Pyuntaza section
@ The modernization program outline of transportation dispatcher
(a) Existing situation of Myanmar Railway Operation Control
An Operation Control Center (hereinafter OCC) is located at each of the four divisions
(Yangon, Taungoo, Tazi, and Mandalay) for the Yangon — Mandalay trunk line. Each OCC
communicates with the stations within the district to manage train operation. The head

office train OCC at Nay Pyi Taw manages the four OCCs.

Branch office
ocCC .

®Yangon Operation control center

® Taungoo

®Tazi

®Mandalay
Head office
Nay Pyi Taw central
occ

A St. B St. C St.

Source: The Study Team
Figure .2-23 Existing Operation Control in Myanmar Railways

The district OCC receives the train operation plan for the day from the head office train
OCC at Nay Pyi Taw, and prepares the implemented train timetable (diagram) as described
in Figure.2-24. The district OCC communicates with the station to follow up the
implemented train operation, and records the train arrival/departure time on the actual

timetable (diagram) as shown in Figure.2-25

Implemented diagram: Actual diagram:
Diagram (basic train+ temporarv train) which was blanned Diagram which was actuallv operated
Source:The Study Team
Figure.2-24 Implemented train diagram Figure.2-25 Actual train diagram
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Communication between dispatchers and station masters is transmitted via UHF radio
and/or telephone, which make prompt and precise transmission of information difficult.
Under such conditions, it is difficult to gather information, make decisions, and direct,
which are the main important roles of dispatchers. As a result, the role of the OCC is
limited to just recording the actual train operation, and decisions and directions are made

by the station masters.

(b) Improvement of Train Operation Control (from Station to Operation

Control Center)

When train numbers increase in the future, the handling of a signal and block system at
each station increases, communication with the neighboring station and/or dispatcher
increases, and management of the train operation status by the dispatcher becomes even
more difficult with the existing operation control method.

In addition, it is anticipated that the increase of signal and block system handling at each
station results in an increase of human errors, and thus is impossible to conduct smooth and
safe train operation.

If the train frequency increases, the number of the trains affected by a single train delay
increases, and the existing OCC will be incapable of handling train operation. It is likely
that the number of trains increases due to increased demand, taking Myammar’s rapid
economic growth into consideration. Therefore, it is crucial to change the train operation
management system from the existing station-based system to centralized train operation
management at the OCC. However, the transition to the proposed management system
where route control is carried out in OCC will be conducted step-by-step.

To improve existing operation control, the implementation of Train Monitoring System
(TMS) that provides the train operation status on time is essential. With TMS, the OCC
does not need to call station masters to learn whether the train arrived/departed or not, and
thus can arrange the train timetable promptly and precisely. The role of the OCC includes

the following and needs to be re-arranged when the TMS is installed.

v" Arrange and coordinate the timetable to operate the train as planned
v" Plan special trains for temporary/seasonal demand

v Issue the investigation of disasters and accidents

v' Arrange relief trains

v" Understand weather conditions

The first step of operation control improvement is to install a TMS Display in the OCC

55



The Project for Installation of Operation Control Center System and Safety Equipment
Final Report

and monitor train operation status 24 hours per day. The difference from the existing
system is that the station master controls the train route based on the plan and the OCC’s

directions, and the OCC has the authority for operation management. (Figure.2-26)

Operation control center

Head office
Nay Pyi Taw central
OoCC

A St. B St. C St.
Source: The Study Team
Figure.2-26 The First Step of Operation Control Improvement

The second step is to install the Centralized Traffic Control system (CTC), which
conducts route control in the station remotely from the OCC, and to install the train radio
that enables direct communication between the OCC’s dispatcher and train driver. The
installation of the equipment is expected to further improve train operation management.
(Figure.2-27)

Operation control center

A St. B St. C St.

Source:The Study Team
Figure.2-27 The Second Step of Operation Control Improvement

Introduction of TMS and circumference equipment is proposed by the study as 1% Step of

modernization of train operation management.
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@ Centralized Train Monitoring System (TMS)
(a) Maijor function
The Centralized Train Monitoring System monitors train locations operating between
Yangon station and Pyuntaza station. The ‘central management system’ and ‘central
transmission device’ allocated in the Yangon Station signal equipment room processes the
information of planned train diagrams and actual train location information from the Train

Monitoring System installed in the interlocking station.

A train operation display panel is installed in Bago division OCC, which is allocated in
the same place as the Yangon station signal control room. Train location and train number
information are processed by the centralized management system and shown on the

display.

(b) Train operation display panel
The train operation display panel shows the track arrangement of each station, train
number, and train location between Yangon station and Pyuntaza station. However, train
numbers of the Yangon Circular line operating in parallel with the Yangon - Mandaly trunk
line from Yangon station to Toe Gyaung Kalay station will not be shown. Stations and
numbers indicated on the display will be English characters and alphanumeric characters,

and the train number will be a three-digit alphanumeric string.

A station B station C station

D station E station F station

Source: The Study Team
Figure.2-28 Image of Train operation indication panel
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(c) Auxiliary devices
The auxiliary devices of the train operation monitoring display includes a ‘train operation
display’, ‘dispatcher console’, ‘diagram printer’, and ‘diagram producing device’. The

function of each device is as follows:

- Train operation display: Displays the planned train diagram and the operation record

- Dispatcher console: Input device for train order change, special train planning and
execution, and changing the train number

- Diagram printer: Prints the planned diagram and actual train operation record

- Diagram producing device: Input the planned train operation record

Train operation display Dispatcher console Diagram printer Diagram producing
device

Source: The Study Team
Figure.2-28 Auxiliary device of TMS

(d) The other devices

A ‘Direct connect telephone’, between the OCC and stations, and ‘Simultaneous
instruction transmission equipment’ for announcing important operation information to all
stations at once, are prepared to facilitate the transmission of the dispatcher’s directions to
the signal control center at each station. Among these, "direct connect telephone" is a
telephone only for instructions and the transportation instructions prepared in each station
by exclusive use, and fixes to be able to perform the required telephone call between a
station and instructions immediately.

‘Simultaneous instruction transmission equipment’ utilizes the ‘TID station console’
installed in each station. Moreover, the following contents are told to each station by

instruction paper for train operation or operation notice card all at once.

v Arrange and coordinate the timetable to operate the train as are planned
v" Plan the special train for the temporary/seasonal demand

v" Suspended of train operation
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v" Indicate the investigation of disasters and accidents
v' Arrange the relief train

v" Understand the weather condition

Furthermore, a check at each station is managed by Bago division OCC. The important
information in connection with operation is transmitted certainly. Train operation display
panel installed in Nay Pyi Taw central OCC shows the train operation information shown

on the display located in the Bago division OCC.

® Train Diagram Planning
(a) Input operation of the train diagram
Regular train diagrams are organized based on regular running time and train headways.

Regular train, seasonal train, and special train timetables are described on this regular train

diagram.

The train timetable for the day is produced on the basis of the regular train diagram by
confirming whether seasonal trains and special trains are planned or not. On the day of
operation, the operation plan is checked, approved, and replaced at a certain time of the day.

The operation record will be printed out if necessary.

Actual train passage time is automatically measured by TMS. It records by an
transportation dispatcher simultaneously. Thus, operation record is created on the day.

Operation record is printed as a recording result of timetable on the day.

Figure.2-30 explains the flow from the regular diagram plan to the train operation record.

Figure.2-31 explains the hardware configuration of the Train Timetable Scheduling System.
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[Train timetable scheduling equipment] Set up a basic timetable based

Prepare the timetable on basic data and the output
(Basic timetable) diagram (timetable), train
schedule, etc.

[Train Monitoring system Add temporary and irregular

trains to the basic timetable to

ormulate implementation plan compile the implementation
F late impl tation pl pile the impl :
(Prepare implementation timetable) timetable

Verify with the day’s :

. . operation plan, input the

Train operation day day’s operation timetable, :

(Prepare the actual timetable) and operate the trains )i

- Record the day’s operation A

Operatlon result (print record if necessary) i

(Actual timetable) J

Source: The Study Team

Figure.2-30 Workflow of the Train Timetable Scheduling System

60



The Project for Installation of Operation Control Center System and Safety Equipment

Basic timetable data

Final Report
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Timetable creation PC System

Printing
actual data

Train Monitoring

Actual
timetable data

—_—

Source: The Study Team

Figure.2-31 Hardware configuration of the Train Timetable Scheduling System

(b) Types of train operation diagrams

There are several types of train operation diagrams by purpose of use, shown in Table. 2-

11. For the MR train monitoring system, introduction of a two-minute scale diagram is

planned this time.

Figure.2-32 shows the indication symbols and an example of the two-minute scale

diagram.
Table.2-11 Types and purpose of use of train diagrams
Types Time scale Utrilrlrtl:f Purpose of use (Japan example)

2-minute scale train
diagram

2 minutes 15 seconds

Operation plan, train adjustment of
Japan Railway (JR) lines including
HSR and local private co. lines.

I-minute scale train 1 minute 10 seconds | Operation plan, train adjustment of

diagram commuting lines of the big city in JR
and major private co.

1-hour scale train 1 hour 1 hour Outline operation plan of JR and

diagram

through operation plan between each
JR company
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Source: The Study Team
Figure.2-32 Viewpoint of a two-minute diagram

@ Equipment plan

In the implementation of this operation, the details of operation management with the MR
side in the Bago division OCC were discussed and set as indicated in After Discussion 3-2).
Moreover, concerning the role of the future Bago division OCC, the basic policy was checked
in order to urge an increase in efficiency and modernization of operation and was set as
indicated in After Discussion 3-3). To display train position, selection of the required
equipment for each station and each division OCC, the transmission method to the optical
conveying device of each station, the monitor's installation location, etc. were investigated.
Moreover, the state of electric power supply of each station and the maintenance condition of
the required power equipment were also investigated for the stable operation of the TMS
equipment at each station.

In addition, when introducing TMS equipment through this research, it will be on the
premise of using optical cables constructed in 2010 by support from India. For this reason, it is
necessary to judge whether the use of Japanese TMS equipment is possible using an
established optical cable. We investigated based on the confirmation of measurement results.
As a result, the study team determined to use an optical cable as a transmission path for the
TMS equipment. Use of four optical cable lines has been agreed upon with MR as a TMS

transmission dedicated line between Yangon and Pyuntaza. Moreover, use of 2-core optical
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cables was agreed upon with MR as a communication transmission line between Yangon and
Nay Pyi Taw. This is for using it as the direct telephone set and an operation indication device
transmission line to the Nay Pyi Taw central OCC.

The interlocking device which manages the route of a train has obtained support from
foreign countries, various kinds of things were introduced, and introductory construction is
being performed. In particular, the introductory construction of a Solid-State Interlocking
system (SSI) is performed in 6 stations from Ladaungkan station to Payatonesu station with

support from India, and the beginning of its use is aimed for the near future.

Table.2-12 List of interlocking devices between Yangon and Pyuntaza station

Sr. . Type of Block Interlockin,
No StationName Inte}r]i)cking working Manufacturir Report
1 |Yangon E(1950) AB  |England(WestingHouse)
2 [PazunDaung R(1970) AB  [Germany(Siemens)
3 [Malwagon R(1996) AB  |Germany(Siemens)
4 | Thingangyun R(1998) AB  |Japan/MR
5 |Togyaunggale R(2000) Korea(LG)
6 [Ywathagyi R Japan/MR
7 |Ladaung Kan K (MR) SSI Under Construction (India)
8 |Darbain K (MR) SSI Under Construction (India)
9 |HtoneGyi K (MR) SSI Under Construction (India)
10 |Kyauk Tan K (MR) SSI Under Construction (India)
11 [Tarwa K (MR) SSI Under Construction (India)
12 |Payatonesu K (MR) SSI Under Construction (India)
13 |Bago M (1940) England(Saxby&Farmers)
14 |Shwehle R(2000) China
15 [Payagai R(2000) China
16 |Pyinpongyi R(2000) China
17 |Kadok R(2000) China
18 |PaungDawThi R(2000) China
19 |EincheLayse K (MR)
20 [DaikU R(2000) China
21 |Pyuntaza M(1940) England(Saxby&Farmers)

Source: The Study Team

The necessary train position is retrieved from the interlocking device of these countries, and
the concrete information acquisition method was investigated to see if information could be
displayed on TMS equipment. As a result, each station between Yangon and Ywathagyi detects
train positions using the conditions of an interlocking device, because these stations can use a
track circuit. At other stations, the train detecting device for TMS equipment is built, and train
positions are acquired. The train detecting device for TMS equipment is installed

simultaneously with the TMS transmission apparatus.
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The equipment provided as TMS based on the information above is shown below.

Yangon central station Bago division OCC room and Yangon new signalling equipment room
TMS central device

e _- = ===

Results of timetable\( Diagram making device
recording device
N
[

Operation indication device Operation arrangement

device

TMS management
central device

Central device of TID

System monitoring console

@entral device connection LANj

mull:l
==

@S transmission central device
T

!
( EExisting) Yangon Pyuntaza optical transmission line j >
T
) —

)

TMS station
device

TMS station device
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Figure.2-33 Train monitoring system between configuration plan

The TMS central device is installed in the Bago division OCC of Yangon central Station. This
device performs operation indication and train timetable creation, and serves as a future train
control system.

The composition of a TMS central apparatus is as follows.

-) TMS management central equipment

-) TMS transmission central equipment

-) TID central equipment

-) Operation indication device (including visual display panel)
-) Operation indication/arrangement console

-) Command operation/control console

-) Diagram preparation equipment

-) Result-of-schedule recording/output equipment

-) System monitoring console
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An "operation indicator" shall be prepared in "Bago division OCC" which will be installed in
the same place as the Yangon station signal cabin, and is made as equipment that can display the
train position information collected by the TMS station equipment of each station. The
operation indicator shall not be a giant display, but a combination of multiple large-sized
televisions, and is installed with a compact and legible indicator. Simultaneously, the indication
state of the train shown on this "operation indicator" is also displayed at the central OCC of Nay
Pyi Taw. This will collect train operation information to the Nay Pyi Taw central OCC in future,
and assumes the introduction of equipment which can recognize trains across a whole line. In
order to transmit the display information of this "operation indicator" to Nay Pyi Taw, the new
circuit used by the relay station shall be prepared.

In the Bago division OCC, it is important to appropriately grasp this train position indication
and to supervise operation diagrams and directions of change, etc. The "instruction console",
which can change the train number and train order, and input special trains, and the "operation
display table", which displays a diagram of the day, are prepared in the instruction table of the
Bago division OCC. Moreover, the display screen of an operation indicator is constructed as
equipment with which an instruction member can acquire detailed information on hand such as
train numbers, so that it can be displayed with the operation display table or an instruction
console. This prepares equipment and a system of efficient train operation management.

Moreover, in order to create a daily diagram based on a basic diagram, a "diagram listing
device" and a "track record diagram printer" which prints a track record diagram of the day shall
be prepared. The existing daily train operation is changed into the operation management
system and modernization should be attained.

What performs these displays and operation is installed in the Bago division OCC, and is
operated by the OCC operator. Other apparatuses and an electric power supply unit are installed

in a new signal equipment room.
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TMS station device x1

Diagram making device x1
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TMS central device power supply system  x 1

TMS central device battery x1

TMS conecting OFC x1

TMS connecting LAN system x1

Source: The Study Team

Figure.2-34 Equipment layout of Bago division OCC room in Yangon central station

TMS station equipment is installed in each station with the signal handling in a precinct, and
train positions are collected. There is an optical terminal box of an established optical cable in
each station with an interlocking device, and the transmission path composition for train
position acquisition is easy. Moreover, since centralization of signal route control is assumed in
the future, TMS station equipment is installed in each station. Because there is no available
optical cable in Eimshaylayse station, the existing cable under the ground is dug, a new junction
is made, and a new optical cable is laid. The optical fiber cable is laid from the OFC room to
each TMS station device at 20 stations between Pazundaung station and Pyuntaza Station.

TMS station equipment is constituted by the relay part which collects information, the process
division which processes it, and a transmission part that connects to an optical transmission path
and transmits and receives information. Information collection from a train detecting device or
an interlocking device is performed through a signal relay. Transmission of signal route control
information, etc. will be performed through a signal relay in the future. However, Yangon
central Station performs transmission and reception of information using a serial interface in
order to simultaneously prepare an electronic interlocking device. TMS station equipment is
installed in the existing signal equipment room and an OFC room. Some stations have
insufficient space for an equipment compartment. Such stations diverts extension and other
open rooms of equipment compartments to some other purpose. Construction of equipment

compartments is carried out in Toegyaungkalay station, Ywathagyi station, Bago station,
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Pyuntaza station, and the Nay Pyi Taw central OCC. Moreover, the inner roof of each signal
equipment room in Payagyi station, Phinbongyi station, Kadok station, and Panugdawthi station
is repaired.

Each station between Laydaungkan station and Pyuntaza station does not operate a train
detection device, or a present train detection device is not installed. A train detecting device is
newly installed in each of these stations. A train detection part is prepared on both ends of each
station. It detects whether a train enters or leaves the station, and loads this information into
TMS equipment. It indicates whether a train is detected in a station or between stations in a
TMS precinct.

The train position in a TMS precinct is displayed on a TMS operation indication device
through these equipment. On the other hand, it is necessary to check the position of a nearby
train also at each station. In order to check a train position at each station, a Traffic Information
Display console (TID) is prepared. This TID console also gives notice of operation information,
including operation of a train, time change, order change, etc. to each station. It is connected
with TMS station equipment, and the TID console transmits and receives information. An
exclusive laptop computer is used for the TID console. It is handled as an apparatus involved
with operation handling, and restricts handlers like a signal lever.

The basic composition of TMS equipment was defined as mentioned above, and the required
parts for installation were investigated. The construction table of the TMS introduction

examination range is shown in Figure.2-35
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Eimshaylayse - Connection cable 1 unit
OTMS each station device installation - Naypyitaw central OCC
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- TMS relay rack 21 stations Kadok
- TMS power supply system 21 stations OTMS equipment setting position secured construction

) TI.D statmn_ consolg 21 stations Phinbongyi - Toegyaungkalay St. power supply room 1 unit
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Source: The Study Team
Figure.2-35 TMS introduction range and construction contents between Yangon to

Pyuntaza station

TMS equipment which had each role as mentioned above is scheduled to be installed.
Although equipment improvement is important, in order to perform modernistic train operation
control mainly on division OCC, handling of a Bago division OCC traffic dispatcher is also
important. The method of the train operation control based on traffic dispatcher using TMS
equipment needs to carry out the handling which fully trained and ripened. Moreover, the train
operation control based on traffic dispatcher must be introduced into each division OCC from
now on, and must unify method of the train operation control. It is necessary to train constantly
the traffic dispatcher member which can operate TMS equipment, and to increase it. For the
reason, TMS training equipment is newly installed. This training equipment carries out the same
operation as the TMS equipment of Bago OCC. If there is TMS training equipment, even if it
will not use the equipment which influences train operation of Bago division OCC, operation
training of TMS equipment can be performed. Installation of TMS training equipment
contributes to effective practical use of TMS equipment, and expansion of the further

modernization.
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With regard to the communication facilities, the devices which can transmit TMS information
data as well as voice information, are installed between the Bago division OCC in Yangon
central station and the central OCC in Nay Pyi Taw station.

At Yangon central station, the optical fiber cable is laid from the OFC (Optical Fiber Cable)
room to the TMS central device. Since more rapid and reliable communication will be required
between the OCC transport commander in Bago division and the stationmasters, a direct
connect telephone is also installed so that the OCC transport commander can transmit
information immediately to each station.

The optical fiber cable is laid from the OFC room to each TMS station device at 20 stations
between Pazundaung station and Pyuntaza Station. The direct telephone set and the device
which can transmit voice to the OFC room are installed in each stationmaster’s office. At Nay
Pyi Taw station, the optical fiber cable is laid from the transmission device in the OFC room to
the Nay Pyi Taw central OCC so that the TMS information data is displayed at the Nay Pyi Taw
central OCC. The TMS monitor and the direct telephone are also installed at the Nay Pyi Taw
central OCC.

As for the section from Yangon central station to Nay Pyi Taw station, the communication

equipment is installed for the purpose of multiplex transmission of TMS information and direct
telephone information between Yangon central station and Pyuntaza station. Since the total
distance from Yangon to Nay Pyi Taw is about 375 km, the communication equipment for
information transmission is installed in nine intermediate stations, namely Darbain, Bago,
Kadok, Pyuntaza, Penwegon, Nyaungchidauk, Taungoo, Swa, Thawati and Nay Pyi Taw station.
Backup equipment is also installed at both Yangon central station and Nay Pyi Taw station.
With regard to the direct telephone which is installed in all stations between Yangon central
station and Pyuntaza station, it is an IP (Internet Protocol) type telephone and the layer switch,
applicable to IP telephones, is also installed in all stations. Backup equipment is also installed in
both Yangon central station and Nay Pyi Taw station.

Since there is no available optical cable in Eimshaylayse station, the existing cable under the
ground is dug, a new junction is made, and a new optical cable is laid. The OFC equipment
room as well as its related necessary equipment, including cable termination frame, are also
installed.

Some measuring instruments will be installed in the related-divisions due to maintenance for

telecommunications equipment.
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Source: The Study Team
Figure.2-36 The communication equipment system diagram for TMS

About the power supply of TMS, Yangon central station and Pazundaung station’s TMS
equipment use electric power from the new electric power room in Yangon central station.

Mahlwagon and Toegyaungkalay stations receive city electric power and engine generator
power, signal equipment receive power from existing power sources. (Case 1)

Thingangyun and Ywathagyi stations receive city electric power and backup electric power
from Mahlwagon and Toegyaungkalay station. Existing step-down transformers do have not
enough allowance, so new transformers are added. (Case 2)

Laydaungkan, Darbain, Tongyi, Kyauktan, Tawa, and Payathonzu station’s TMS equipment
receive existing city electric power or newly installed city electric power, and are equipped with
backup power source installed by the SSI project, so signal equipment receive power from
existing power sources. (Case 1)

Bago, Payagyi, Pyinbongyi, Kadok, Paungdawthi, and Daik-u station’s TMS equipment
receive existing city electric power or newly installed generator power as backup. A new
generator is installed outside the station building. (Case 3)

Pyuntaza station’s TMS equipment receives existing city electric power or newly installed
generator power as backup. A generator is installed in the station main building with exhaust

pipe. (Case 3)
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Shwele and Eimshaylayse stations have no city electric power, so solar power generators
provide electric power. A diesel generator operates when the charge level of batteries drop. A
new generator is installed outside the station building. (Case 4)

Penwegon, Nyaungchidauk, Taungoo, Swa, and Thawati station’s telecommunication
equipment slightly increase power consumption, so existing optical communication equipment
supplies electric power.

Nay Pyi Taw station’s TMS equipment uses city electric power and generators as backup. But
surplus generator power is not enough, so a new generator is installed in the electric power
room with exhaust pipe. (Case 3)

In cases where an engine generator is newly installed, power distribution wires and drop wires

are repaired or increased to reduce voltage drop.

(Case 1) (Case2) (Case 3) (Case 4)
City Power 400/230V City Power 400/230V City Power 400/230V
. Under Ground 660V @
(Exist.)

DistB| | EG.|

| , .
Dist B Dist.B EG. Dist.B EG.
TMS l TMS TMS

Source: The Study Team
Figure.2-37 Outline of TMS Power Source

The list of the necessary equipment for TMS equipment from Yangon central station to Nay

Pyi Taw station is shown in Table.2-13

Table.2-13 TMS Component Plan

Equipment Composition equipment Unit | Qty Commentary

Train Monitoring | TMS management central set 2

System (TMS) | equipment

central device TMS transmission central set 2
equipment
TID central equipment set 2
Operation indication device set 1

(including visual display panel)
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Equipment Composition equipment Unit | Qty Commentary
Operation indication/arrangement set 1
console complementarity
Command operation/control console set 1
Diagram preparation equipment set 1
Result-of-schedule recording/output set 1
equipment
System monitoring console set 2
TMS central device power supply set 1
system
TMS station TMS station equipment set 21
device Repeater relay rack set 21
Power supply system for TMS set 21
TID station console set 21
Nay Pyi Taw cetral | Operation indication device for Nay set 1
occC operation | Pyi Taw
indication device | (including visual display panel)
for TMS Power supply system for Nay Pyi set 1
Taw central OCC
Tain detection Central train location identification set 1
device equipment
(central type) Axle detection sensor set 24
for Bago station Counter/relay device box set 24
Sensor connecting cable set 1
Tain detection Central train location identification set 1
device equipment
(central type) Axle detection sensor set 21
for Pyuntaza Counter/relay device box set 21
station Sensor connecting cable set 1
Tain detection Central train location identification set 1
device equipment
(central type) Axle detection sensor set 11
for Darbain station | Counter/relay device box set 11
Sensor connecting cable set 1
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Equipment Composition equipment Unit | Qty Commentary

Tain detection Point-type train detection equipment set 6
device Cable connecting detection km 2

(separate type) equipment
for Eimshaylayse | Power supply for detection set 2
station equipment
Tain detection Point-type train detection equipment set 44
device Cable connecting detection km 22

(separate type) equipment
for other station Power supply for detection equip set 22

ment

Source: The Study Team

The list of the necessary equipment for the communication facilities from Yangon central

station to Nay Pyi Taw station is shown in Table.2-14
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Table.2-14 Main equipment plan of the centralized train monitoring system

(Telecommunication equipment)

Equipment Specification Unit | Quantity | Purpose of use
Long distance | Transmission capacity: more than set 13 Long distance
communication | 1Gbps data
equipment Number of cores: single core two-way transmission

optical communication between

Optical fiber cable: SMF (ITU-T Yangon and

(3.652 standards) Nay Pyi Taw

Input voltage: DC-48V
Layer switch Port: set 27 Direct

1000BASE-SX/SX2/LX/BX/LH/T telephone

2 or more communication
10BASE-T/100BASE-TX
4 or more

Number of cores: single core two-way

optical communication

Optical fiber cable: SMF (ITU-T

G.652 standards)

Input voltage: AC200-240V and

DC48V
Optical cable Configuration: Splice + Connector set 22 Optical cable
termination Connection capacity: 24 connections termination
frame
Direct To enable targeting of all telephones, set 25 Communication
telephone a specific group of telephones, or a with OCC

specific terminal, and also function as
both simultaneous broadcasting and

two-way communication
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Engine generator should match signal equipment and the generated noise should be
considered. The list of the necessary equipment for the electric power supply system from

Yangon central station to Nay Pyi Taw station is shown in Table.2-15

Table.2.15 Power Supply for TMS of Component Plan

Equipment Name Main Specification Unit Qty Commentary
Diesel Engine Single-phase 200V 10kVA class | Set 2 Emergency
Generator power in case of

power outage

Diesel Engine Single-phase 200V 5kVA class Set 8 Emergency
Generator power in case of

power outage

Solar Power 3 kW class Set 2 Electric power
Generator source
Transformer Single-phase 660V:230V Set 2

5 kVA
Electric Wire Cross-linked polyethylene m 1,458

insulated vinyl sheath cable and

others
Distribution Board Various kinds Set 22

Source: The Study Taem
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2-2-3 Outline Design Drawing
The following is the three of Outline design drawing.
* Concentrated Electronic Interlocking System at Yangon Central Station and Pazundaung Station
* Automated level crossing alarm facilities at the Kyan Sir Thar Level Crossing located between
Toegyaungkalay Station and Ywathagyi Station
* Centralized Train Monitoring System in the section of Bago Division OCC which have jurisdiction
from Yangon Central Station to Pyuntaza Station
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20 R24T P19T3
21 R25T R65T1
22 R26T R68T1
23 R27T ABAT
24 R28T AT
25 R29T AT1AT
26 R30T A12T
21 R31T A13T
28 R32T A13ATH
29 R33T A13AT2
30 R34T R75 45B 127
*Proposal of the out of service equipment
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YANGON CENTRAL STATION
For reference INTERLOCKING
1/13page
Route Number | Point locking for route setting | Signal locking for route setting| Track for signal control Track for route locking | Approach lock| Released by | Route control
5 6(7)8 (10)(18
Home signal | Kyi Myin Dine - 1 ROAD R1 1| 3635105 10<6) ®) R112 R103 RT R5T R6T R17T R23T R45T | (RT)(RST)(RET)(RI7T) ART  |90sec | R34
108 109
s 50715 (0
Home signal | Kyi Myin Dine - 2 ROAD R1 @ 10 R112 R102 RT R5T R6T R17T R24T R45T R46T | (RTYRST)(RET)(R17T) ART  |90sec | R34
087109
Home signal | Kyi Myin Dine - 3 ROAD R1 6 18 110 R112 R101 RT R5T R7T R25T R45T R46T | (RT)(RST)RYT) ART | 90sec
i 6 & T 12 RT R5T R8T R19T R18T R26T R47T
Home signal | Kyi Myin Dine - 4 ROAD R1 28 (110)(10) R112 R100 Rl eoT RETR19T RIBT R26T RATT | (RTYRST)RBTI(R1BT)(R19T) ART  |90sec |R26
8 109
. . 56 8 10 11 12 RT)(R5T)RBT)(R18T)(R19T
Home signal | Kyi Myin Dine - 5 ROAD EAST | R 13(28)68 69 118 RO LRoT RI8T R1ST R27T R28T ERZQ(T)(R;(”) IRIBTIRAST) ART  |90sec | R26R64
. o 5 6.8 10 11 12 RT R5T R8T R18T R19T R27T R28T | (RT)(RET)(RET)(R18T)(R19T)
Home signal | Kyi Myin Dine - 6 ROAD EAST Rt |16 | 13 (28)§8)69 118 R120(R138 or(128) R31T R32T R48T R53T (R2TT)R2BTYRIT) ART  |90sec |R26R64
130
Home signal | Kyi Myin Dine - 6 ROAD WAST | R1 ‘153 628 8681111812 R120 R72 R65 RO T ReTR1BT RTSTRIOTRITT | (RTARST)RETIRIETYRIST) ART  |90sec | R26
5 6.8 10 12 RT R5T R8T RGT R13T R20T R21T | (RT)(RST)(R8T R9T)(R13T)
Home signal | Kyi Myin Dine - 7 ROAD EAST | R1 14 70 R119 R114 R36T R37T R34T R35T R51T R52T | (R20T)(R21T)(R33T) ART  |90sec | R27R67
117 1317130 RS4T (R34T)
N - N 5 6.8 10(11) 2 %116 R75 K66 RT RST RET RAT R13T R2OT R21T | (RTHRSTIRET RST)R13T) MRT | s0sec | Re7
ome signal | Kyi Myin Dine - 7 ROAD WAST 1;17 29 (70) 71 R33T R34T R37T R38T (R20T)(R21T)
Home signal | Kyi Myin Dine - 9 ROAD R1 36 6 45 R99 R93 Rl o Leo] RITRITTRISTRAOT | (RTYRST RETIRMTIRIST) ART  |Q0sec | R42
Homesigna | KyiMyin Dine - 10ROAD  |R1 |10 | 58 Ros LT RETRITRISTRATRAZT | @RSTRIRIMRIS | akT  |sosec | R
Home signal | Pazundaung - 9 ROAD R140 133 96 44 45 R63T R62T R56T R40T R15T R11T | (RE3T)(RE2THRSET) [ABAT] |90sec | R99
Home signal | Pazundaung - 10 ROAD R140 |10 | 133(36)95 46 45 R63T R62T RS6T R43T R42T RA1T | (R63T)(R62T)R56T R43T) [ABAT] | 0sec | R99
Home signal | DL LOCAL - 6 ROAD WAST R141 132 (29)128 130 R116 R123 R65 R26 R67T R60T R0T R63T R48T R29T | (R67T)RGOT REOT)RBBT)RET) | raser | a0sec | R138 R120 R72
§18(69)13 28 R28T R31T R30T R19T (R29T)(R28T)(R31T) [A68T2]
Home signal | DL LOCAL - 6 ROAD EAST R141 |16 1?2 2;28 130 R115 R123 R64 ggﬁ %260&%5207}"53T RABTR32T | (RETT)(RGOT REUT)(RE3T)(RABT) | [as8T2] | 90sec | R138 R120
Homesignal | DL LOCAL - 7 ROAD WAST | R141 132 129 (30) 117 R113 R66 R27 ROTT R6OT R54T R3BT R37T R34T | (RETTNARBOTNRSAT)(RS2T) AG8T2] | 0sec | R75
29 16 R33T R21T R20T (R51T(R3BTY(R37T R34T) [A68T2]
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For reference

YANGON CENTRAL STATION
INTERLOCKING

YodUhRERERR (2

2/13page

Route Number | Point locking for route setting | Signal locking for route setting| Track for signal control Track for route locking |Approach lock| Released by | Route control
Home signal | DL LOCAL - 7 ROAD EAST R141 |17 11155 %2; 31 130 R114 R67 sgﬁ sg% ;gg R52T RS1TR35T | (R67T)(R60T)(R54T)(R62T)(R51T) (A68TZ] | S0sec | R119
Home signal | DN MAIN - 1 ROAD R142 132 3;08 108 R34 R64T R49T R57T R45T R23T R17T | (R64T)(RAIT R57T)(R45T) [A65T2] | 90sec | R112
Home signal | DN MAIN - 2 ROAD R142 @532509 107 105 R34 R64T R49T R47T R46T R24T R17T | (RBAT)(RAIT)(RA7T R46T) [A65T2] | 90sec
Home signal | DN MAIN - 3 ROAD R142 ]fg ggg > goof Q%T RASTROTT RAST RABT RZ5T | (R64T)(RA9T)(RATT R46T) [A65T2] | Y0sec | R112
Home signal | DN MAIN 4 ROAD R142 | 4 ]fg&% 108 R26 R64T R49T R47T R26T R19T (R4BT)(R4IT)(R47T) [A65T2] | 90sec
gtgar:tang 1 ROAD - Kyi Myin Dine R51 @53@8 R34 R87 R103 R17T R6T R5T R3T R1T (R17T)(R6T)(R5T)(R3T) R23T | 90sec
ggﬁ;ﬁ‘g 2 ROAD - Kyi Myin Dine R52 6(7)8 R34 R86 R102 R17T R6T R5T R3T R1T (R17T)(R6T)(RET)R3T) R24T | 90sec
35)36
Starting 3 ROAD - Kyi Myin Dine R60 6 8 (10)18 R40 R85 R101 R7T RST R3T RIT R7T)(RST)(R3T R25T | 90sec
signal
3?%?9 4 ROAD - Kyi Myin Dine R54 @‘3289 )11 (2 R41 R80 R100 R26 R19T R18T ROT R8T R3T RIT (R19T)(R18T RAT RET)(R3T) R26T | 90sec | R23
Starting 6 ROAD WEST - Kyi Myin Dine |R55 |¢ | 2.8 9O (12 R31 R65 R26 R19T R18T R8T R9T R3T RIT (R19T)(R18T RIT R8T)(R3T) R30T |90sec |R23
signal 13 28
;gﬁ;?g 7 ROAD WEST - Kyi Myin Dine | R56 82@” 12 14 R27 R32 R66 R2ITR20TRI3TRITRITRIT | (R21T)(R20TYRI3T)RGTYR3T)  |RI3T | 90sec | R24
g‘;ﬁaﬁ‘g 9 ROAD - Kyi Myin Dine RS7 |¢ | O 8 45 R42 R15T R11T (RISTYRT) RS9  |90sec |R59
gbar?éTg 10 ROAD - Kyi Myin Dine R58 5 3@44 46 R42 R4TRISTRIT (RATYRIST)R11T) R59  |90sec | R59
gtgaﬁtéTg R11T - Kyi Myin Dine R59 5 8(9)44 R42 R48 R49 R50 R3TRIT (R3T) 90sec
gtgargtzii?g 1 ROAD - UP MAIN RE7 105 106 108 109 R112 R103 R38 R51 RAST R57T [P3AT] (RASTY(RSTT) R23T | 90sec
i 106 (107) 108
gté:lr:téTg 2 ROAD - UP MAIN R86 R112 R102 R39 R52 R46T R45T R57T[P3AT] (R46T)(R45T)(R57T) R24T | 90sec
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For reference

YANGON CENTRAL STATION
INTERLOCKING

YodUhRERERR 3)

3/13page

Route Number | Point locking for route setting | Signal locking for route setting| Track for signal control Track for route locking |Approach lock| Released by | Route control
gtgar?éﬁ‘g 3 ROAD - UP MAIN R85 | J 1?3 109 R112 R101 R40 R60 R46T R45T R57T [P3AT] {R4BT R45T)(R57T) R25T | 90sec
gt&?a'ﬁ]g 4 ROAD - UP MAIN R80 109 R112 R100 R54 R41 RA47T R46T R45T R57T [P3AT] {R47T R4BT)(R4ST)(RSTT) R26T | 90sec
gtgargl‘g 5 ROAD - UP LOCAL R124 | M 130 128 129 R138 R120 R116 R72 R59T R48T R53T R50T [PSAT] | (R59T R48T)(R53T)(R50T) R29T | 9%0sec |R123
ggﬁéﬁ‘g 6 ROAD EAST - UP LOCAL R84 | M | 118 130 128 129 R138 R120 R115 R73 R48T R53T R50T [P5AT] (R48T)(R53T)(R50T) R32T |90sec |R123
gt&%rl\g 7 ROAD EAST - UP LOCAL Re3 | M @) 128 129 R138 R119 R114 R74 R51T R52T R53T R50T [PSAT] | (R51T)(R52T R53T)(R50T) R35T |90sec |R123
gt;r’fgl‘g 9 ROAD - PAZUNDAUNG Re2 | N | 9 13233 R99 R137 R3 R48 R57 R66T R62T R61T [P7AT] (RSET)(R62T RE1T) RAOT | 90sec
35‘%?9 10 ROAD - PAZUNDAUNG R81 (85)96 132 @ R99 R137 R92 R49 R58 R43T R56T R62T RG1T[P7AT] (R43T R56T)(R62T R61T) R42T | 90sec
B ESIRTe e o il o
gglﬁgtling \évaETST SHUNTING NECH - R2 67 10 R37 R38 R39 (RAT)(R6T) RoT | 90sec | R34
ggﬁgtling XVFECS)LDSHUNTING NECH - R2 @ 8 18 R25(R112 or 108) {RAT RST)(R7T) R2T 90sec
ggg’a‘ﬁing WEST SHUNTING NECH - R2 (67 8 10 11 12 R23 R30 R31 Ré1 {R4T RST)(RBT)(R18T) RoT | Q0sec | R26
Sturlrg | VUEST SHUNTING NECH - R2 @7 K 10(11)12 RO4 R32 R33 %E%RSK))(TR)BT ROT) RIT  |g0sec | Re7
sl © | CARRIAGESHED o [Re i v RoT ReTIR13TR14T RIT | 90sec
ggﬁr;tling \éV1E1§I_T SHUNTING NECH - R? @ 7 R48(R49 R50 or 45) {R4T R5T)(RIT)(R11T) R2T  |90sec | Rd42
R T I I O SO - il
ggﬁgﬁing E:IANRéRZIAGE SHED - R3 D 14 R21 {R14T) - 90sec
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YANGON CENTRAL STATION
For reference INTERLOCKING
4/13page
Route Number | Point locking for route setting | Signal locking for route setting| Track for signal control Track for route locking |Approach lock| Released by | Route control
Shunting LINE Z - -
signal CARRIAGE SHED R X | 14 R3 (R14T) 90sec
Shunting LOCO SHED - —
signal WEST SHUNTING NECH R22 67 R2 (R4T) S0sec
Shunting R18T - .
signel R CHUNTING NECH R3 [ B (63101112 R2 (R8T)(RST R4T) R18T | Q0sec
Shunting R20T - 0(11)12
sona 20T - NTING NECH R4 | B @@ R2 (R13T)(RIT RET)(RST RAT) R20T | 90sec
-
ag‘r’]’;ﬁ'ng R18T - 4 ROAD R26 (13)28 R23 R41(R142 or 107) (R19T) R18T | 90sec
38:’;?"9 R18T - 5 ROAD WEST R26 13(28) R30 R73(R72 0r(G9) (R19T) R18T | 90sec
38‘;‘;}‘”9 R18T - 6 ROAD WEST R26 13 28 R31 (R72 or 69) (R19T) R18T | 90sec
38?1?3?”9 R20T - 7 ROAD WEST R27 29 R32 (R75 or 70) (R217) R20T | 90sec
Shuntin
Shun 9 | R20T-8ROAD WEST R27 R33R74 (R75 of70) R21T) ROOT | 90sec
Shuntin
sgnal | 5 ROAD WEST - R18T R30 13(28) R26 (R19T) R27T | 90sec
ggﬁgﬁ"‘g 6 ROAD WEST - R18T R31 13 28 R26 (R19T) R30T | 90sec
ssigﬁgﬁi”g 7 ROAD WEST - R20T R32 29 R27 (R21T) R33T | 90sec
Shuntin
Seal"® | & ROAD WEST - R20T R33 | U R27 (R21T) RIGT | 90sec
Shuntin
Seral™® | R6T - WEST DOCK R34 R37 R17T) RGT | 90sec
Shuntin
sgal || R6T-1ROAD R34 36 35 R38 (R112 or (05)or {06)or{08) (RI7T) R6T | Y0sec
Shuntin
sol"® | R6T-2ROAD R34 36(35) R39 (R112 or 105 or{0)or {08) RITT) RET | 90sec
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For reference

YANGON CENTRAL STATION

INTERLOCKING

YodUhRERERHR )

5/13page

Route Number | Point locking for route setting | Signal locking for route setting| Track for signal control Track for route locking |Approach lock| Released by | Route control
ggggﬁing wgg ggﬁﬁfm & NECH R |[B |671836 R34 R2 (R17T)(R6T)(RAT) - 90sec
ggggﬁing LROAD - TING NECH R38 6718 35 36 R34 R2 (R17T)(RET)(RAT) R23T | 90sec
;ngﬁ‘ng 2 ROAD . TING NECH R39 6 7 18(35)36 R34 R2 (R17T)(RET)(RAT) R24T | 90sec
ggggﬁing SVE(S)¢%|:|UNTIN o NECH R40 (6)7 8 (10) 18 R2 (RTT)(R5T R4T) R25T | 90sec
ggggﬁmg 4ROAD - R18T Rat | P |(13)28 R26 (R19T) R26T | 90sec
gg;gﬁing R11T - 9 ROAD R42 45 RA8 RS7 (R99 0r(36)) (R15T) RIT | 90sec
35%2?”9 R11T - 10 ROAD R42 |10 |(4B)s Fé;gi?% g?r (R15T)(R41T) R11T | 90sec
gggr;tling R11T - RCGS R42 |E R50 (R15T)(R41T) R11T | 90sec
gglﬁgtling 9 ROAD - R11T R48 44 45 R59 R42 (R15T) RagT | 90sec
gg‘ggtli”g o RO NTING NECH R48 |B @ HOOOK: R42 R2 (RI5T)R1T)(RIT)(RST R4T) R4OT | 90sec
gg‘ﬁgﬁing 10 ROAD - R11T R49 46(45)44 R59 R42 (RMT)(R15T) RA2T | 90sec
sﬁglﬁgtling WEST SHUNTING NECH RaS % 476 * RazR2 §5§}TF’&RT1>”)(R15TXR9T) RA2T | 0sec
Sl | RCGS-R1T RS0 R69 R42 (RAT)RIST) — | oosec
gaggtling IWEST SHUNTING NECH "0 7 RazR2 EE&%&F?)H)(RHT)(RQT) T | e
gglrj]gtling EESOTAD WEST - 5 ROAD R4 |15 68 69 R72 (R120 or 118) (R28T) R27T | 90sec
agggtling EARSOTAD WEST - 6 ROAD R64 |16 69 R73 (R120 or (R28T R31T) R27T | 90sec
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For reference

YANGON CENTRAL STATION
INTERLOCKING

Yo dUhRERERR (6)

6/13page

Route Number | Point locking for route setting | Signal locking for route setting| Track for signal control Track for route locking |Approach lock| Released by | Route control
ggggtling g ARSoTAD WEST - 5 ROAD Res | 15 | (69)es R72 (R120 or 118) (R31T R28T) R30T | 90sec
ggggﬁmg EESOTAD WEST - 8 ROAD Re6 | 8E |(70)71 131 R75(R119 or 117) (R34T R37T) R33T | 90sec
ggtr.l]r;tling E ARSOTAD WEST - 7 ROAD R67 70(71) R74 (R119 or {17) (R37T R34T) R36T | 90sec
gggr;tling E ESOTAD WEST - 8 ROAD R67 8E | 70 71 R75 (R119 or 117) (R37T) R36T | 90sec
ggggﬁing 5 ROAD EAST - 6 ROAD WEST | R72 68(69) R65 (R26 or 13) (R28T R31T) R29T | 90sec
ggﬁgﬁing 5 ROAD EAST - 5 ROAD WEST | R72 68 69 R64 (R26 or 28) (R28T) R29T | S0sec
Saal" | ©ROAD EAST -5 ROAD WEST | R73 (68)69 R64 (R26 or 28) (R31T R28T) R3ZT | 90sec
ggﬁgﬁing 7 ROAD EAST - 8 ROAD WEST | R74 @D R67 (R29 or 27) (R34T R37T) R3ST | sec
Sppal"® | BROAD EAST -7 ROAD WEST | RS OK R66 (R27 0r(29) (R37T R34T) R3BT | S0sec
ggggﬁing 8 ROAD EAST - 8 ROAD WEST |R75 70 71 R67 (R27 or 29) (R37T) R38T | 90sec
35%2?"9 gﬁggf SHUNTING NECH R91 @) Ro8 (R B e
ggggtling RCGS - PAZUNDAUNG RO1 |N 132 R99 R137 (R43T R56T)(R62T R61T) — 90sec
| B | | |9 o
gg;?ﬁing 10 ROAD - PAZUNDAUNG R92 9 . @132 R99 R137 (R43T R56T)(R62T R61T) R42T | 90sec
ggggtling 9 ROAD - PAZUNDAUNG R93 96 @ 132 R99 R137 (R56T)(R62T R61T) R40T | 90sec
ggggtling ggggT SHUNTING NECH - R98 95 R91 (R42 0,45) (R43T) - 90sec
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YANGON CENTRAL STATION
For reference INTERLOCKING
7/13page
Route Number | Point locking for route setting | Signal locking for route setting| Track for signal control Track for route locking |Approach lock| Released by | Route control
Shunting SHORT SHUNTING NECH - _
sgnal S OOAD RS | 10 | 95 96 R92 (R42 046 pr 45) (R43T) 90sec
Shunting
signl R62T - RCGS R99 RO1(R42 of(46 pr 45) (RS6T R43T) R62T | 90sec
Shunti
SigHgllng R62T - 10 ROAD R99 | 10 | 95(96) R92 (R42 0f46 pr 45) (R56T R43T) R62T | 90sec
Shunting
signal R62T - 9 ROAD R99 9% R93 (R42 0r(45) (R56T) R62T | 90sec
nunling | 4ROAD - R57T R100 109 R112 R142 R80 (RATT RA6T R45T) RO6T | 90sec
signa 128 105 106
Shunti
sgal .| 4ROAD - RS0T R100 |12 109 110 R138 (RATT)(R4IT R53T) RO6T | 90sec | R123
Shunting 105 106 107 108
sgnal 3ROAD - R57T R101 o R112 R85 (R46T RAS5T) R25T | 90sec
35‘;]’5‘”9 3ROAD - R50T R10T |12 106 R112R138 (R4BT)(RA9T RS3T)(RSTT) R25T | Q0sec |R123
35Hgt|ing 2ROAD - R57T R102 106 (107) 108 R112 R86 (R46T R4ST) R24T | 90sec
Senal™® | 2ROAD -Rs0T R102 |12 107108 109 R138 (R46TY(RA9T R53) RAT |90sec | R123
Senal"® | 1ROAD -RS7T R103 105 106 108 109 R112 R87 (RésT) R23T | 90sec
ggﬁgﬁing 1ROAD - R50T R103 |12 106 108 (109 R138 R112 (R4ST)(RS7T R4IT R53T) R23T |90sec | R123
Ssiglr‘]';ﬁing EAST DOCK - PWI SIDING R104 |H | 106 (R44T) — | 90sec
Shunting B
sionl EAST DOCK - R57T R104 406) 105 108 109 R112 (R45T) 90sec
i 0
35%2?”@’ EAST DOCK - R50T RI04 |12 108 {09 R112 R138 (R4AT RAST)RSTT RAQT RS3T) | — | Q0sec | R123
Shunting
signal R57T - EAST DOCK R112 |G | 105 (0g) 108 R104 (R45T R44T) RSTT | 90sec
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YANGON CENTRAL STATION
For reference INTERLOCKING
8/13page
Route Number | Point locking for route setting | Signal locking for route setting| Track for signal control Track for route locking |Approach lock| Released by | Route control
Shunting | R57T-1ROAD R112 | 1 105 106 108 R103 R87 (R34 o (R45T) R57T | 90sec
signal
Stuning | RS7T-2ROAD R112 {05)106 108 07) R102 R86 {R34 or 35) (R45T R46T ) RS7T | 90sec
signa
Shunting | RS7T-3ROAD R112 105 106407) (08) R101 R85 {R1 or 10 RA5T R46T R57T | 90sec
ignal 110
signa
Shunting | R57T-4ROAD R112 105 106 {071108) R100 R80 {R26 or 13) (R45T R4GT R4TT) RS7T | 90sec
signal
Shunting 8 ROAD EAST - R50T 11 1 R119 R138 (RSAT ROTT)(RO2T RS3T) 12
signal R113 2 128 199 R38T 90sec R123
Shunting | 8 ROAD EAST - R52T (RS4T R51T)
huntn R113 |14 | {17(30)128 R119 R138 R3ST | 90sec
Sgér;]tgnlg 8 ROAD EAST - PAZUNDAUNG |R113 [N | 41744, 129@ R137 (R54)(R60T R61T) R38T | 90sec
Shuntin 7 ROAD EAST - R52T R114 |14 R119 R138 R35T | 90sec
signal” 117 30128 131 (R51T)
Shpntir}g 7 ROAD EAST - R50T R114 |12 117 128 129 R119 R138 (R51T)(R52T R53T) R35T 90sec R123
signa 131
Shunt 117130 131 129
unting 7 ROAD EAST - PAZUNDAUNG |R114 |N R137 (R51T)(R52T R54T)(R60T R61T) R35T 90sec
signal @
Shuntir}g B6ROAD EAST - R53T R115 [13 | 118130128 R120 R138 (R48T) R32T | 90sec
signa
Shuntinlg 6ROAD EAST - R50T R115 |12 | 118130128 129 R120 R138 (R48T)(R53T) R32T |9%sec |R123
signa
Shunting | 5ROAD EAST - R53T R116 |13 (18)130 128 R120R138 (RSOT)(R48T) R29T | 90sec
signal
Shuring | 5ROAD EAST - R50T R116 |12 | (18130128 R120 R138 (R59T R48T)(R53T) ROT |90sec |R123
signa
Shpntir}g R52T - 7 ROAD EAST R119 "7 R114 R83 {R67 or 71) (R51T) R53T | 90sec
signa
Shuntin R52T - BROAD EAST R119 90sec
e @17 R113 R66 (R67 o(71) (RG1T R54T) RS3T
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YANGON CENTRAL STATION
For reference INTERLOCKING
9/13page
Route Number | Point locking for route setting | Signal locking for route setting| Track for signal control Track for route locking |Approach lock | Released by | Route control
56781018
Shunting | R53T - 5 ROAD EAST R120 | 15 R116 R124 R65 (R64 o (RA8T)(R59T) R53T | 90sec
signal
Sh_untiTg R53T - 6 ROAD EAST R120 | 16 | 118 R115 R84 (R64 or 68) (R48T) R53T | 90sec
signal
Shunting CARRIAGE SHED 121 N R137 (R61T) - 90sec
signal -PAZUNDAUNG @132 133
Shunting | CARRIAGE SHED R121F | N @132 133 R137 (RB1T) - 90sec
signal -PAZUNDAUNG
Sgilér[lg;g R53T-R50T R123 |12 | 199 R138 (R50T) R53T | 90sec
, R50T R60T R61T)
Shunting | R53T -PAZUNDAUNG R123 |N R138 R137 ( RS3T
signal 3 38 R13 53 90sec
Shunting | PAZUNDAUNG-R50T R137 R123 (RE1T R60T R50T) P7AT] |90sec | R138
o (3229133 127 [P7AT]
Sh'untiTg PAZUNDAUNG-R52T R137 @1 29133 131 130 127 R114 R113 (R61T R6OT) (R54T R52T) [P7AT] |9sec | R119
signa
Shunting | TAZUNDAUNG R137 |6E (139133 129339 R113 R66 (R67 or 71) (R61T R60T) (R54T R52T) [P7AT] | 90sec
signal R53T - 8 ROAD EAST 117127
. PAZUNDAUNG-
h R61T
SSilSJ]rrl]t;rllg CARRIAGE SHED RIS (18| 10 iae @ R121R121F (R61T) [P7AT] | 90sec
Shunting | PAZUNDAUNG-R82T R137 |19 R98 (R92 or 96) (R91 or 95 or 96) (RB1T R62T) [P7AT] |90sec | R99
signal 132 f33)127
Shunting | R50T-R57T R138 .. R123 (RS3T R49T RS7T) R50T |90sec | R112
signal @®
Shunfing | R50T-2ROAD R138 28)109 107 105 R123 (RS3T R49T ){R47T R46T) RS0T | 90sec
signa
Shunting | R50T-4ROAD R138 R123 (RS3T R49T )(R47T ) R50T | 90sec
signal 109110
Sh_untir;g R50T-R53T R138 (16 | 128130 R123 (R33T) R50T | 90sec | R120
signa
Sh_untir|1g R50T-R52T R138 |18 | 128 @@ R123 (R53T R52T) R50T |90sec | R119
signa
NOTES: CLIENT: CONSULTANTS: DATE: PROJECT:
1 MARCH 2014

2

LEGEND

Japan International Cooperation Agency

Consortium of JIC and OC

THIS DRAWING MAY NCT BE REPRODUCED OR i )

USED WITHOUT THE WRITTEN PERMISSION
FROM JAPAN INTERNATIONAL COOPERATION

AGENCY

GRICOMNSUL

for Transportation Co., Ltd.

Japan International Consultants ~ Oriental Comsultants Co., Ltd.

TITLE:
Yangon central station
Interlocking table (9)

BD1-03-09

The Project for Installation of Operation Control Center System and Safety Equipment

Centralized Electronic Interlocking System including Yangon Central,Pazundaung



YoIdUPREREHR (10)

01-€0-1a8
YANGON CENTRAL STATION
For reference INTERLOCKING
10/13page
Route Number | Point locking for route setting | Signal locking for route setting| Track for signal control Track for route locking | Approach lock| Released by | Route control
Shunting DN LOCAL—RS50T R139 12 132 R123
signal
Shunting DN LOCAL—R52T R139 14 129132131130
signal
Shunting | DN LOCAL—R50T R139 | 8E | 1321200139117
signal
Point Dual R3T RST
Point Dual R4T RST
Point | Dual R4T
Point R5T
Point Dual
R3T
Point RoT
Point Dual R8T RIT
Point Dual R8T R9T
Point R19T
Point Dual R13T R14T
Point 16 R13T
Point Dual 18 R5T R6T
Point Dual 28 R19T
’\“Oﬂ CLIENT: CONSULTANTS: DATE: PROJECT:
2 Consortium of JIC and OC MARCH 2014 The Project for Installation of Operation Control Center System and Safety Equipment
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YANGON CENTRAL STATION
For reference INTERLOCKING
11/13page
Route Number | Point locking for route setting | Signal locking for route setting| Track for signal control Track for route locking |Approach lock| Released by | Route control
Point Dual 29 R21T
Point 35 R17T
Point Dual [36] R17T
Point 44 RUT
Point Dual 45 R1STR4T
Point Dual 46 RUT
Point 68 R28T R31T
Point 69 R28T R31T
Point 70 R34T R37T
Point R34T R37T
Point Dual 95 R43T
Paint Triple 96 R43T R56T
Point Dual 105 R45T R46T
Poit | Dual 106 R44T RAST
Point 107 R4TT
Point 108 RAST
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YANGON CENTRAL STATION
For reference INTERLOCKING
12/13page
Route Number | Point locking for route setting | Signal locking for route setting| Track for signal control Track for route locking |Approach lock| Released by | Route control
Point Dual 109 R49T R57T
Point Dual 110 R46T R47T
Point Dual 117 R51T R54T
Point Dual 118 R48T R59T
Point [127] RE1T
Point Dual 128 R49T R53T
Point Dual 129 RO0T RE0T
Point Dual 130 R52T R53T
Point 131 R54T
Point Dual 132 R460 RE1T
Point | Dual 133 RTT RE2T
Request FOR 1 ROAD R87S R87J[P3UM]
Routs
Request FOR 2 ROAD R86S R86J[P3UM]
Routs
Request FOR 3 ROAD R85S R138 R120 R72 R85J[P3UM]
Routs
Request | FOR 4 ROAD R80S R138 R120 R80J[P3UM]
Routs
Request | FOR 5 ROAD R124S R75 R124M[P5UC]
Routs
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YANGON CENTRAL STATION
For reference INTERLOCKING
13/13page
Route Number | Point locking for route setting | Signal locking for route setting| Track for signal control Track for route locking | Approach lock| Released by | Route control
Request | FOR 6 ROAD R84S R84M[P5UC]
Routs
Request | FOR 7 ROAD R83S R83M[P5UC]
Routs
Request | FOR 8 ROAD R82MS R82N[P7UM]
Routs
Request | FOR 9 ROAD R82MC R82N[P7UC]
Routs
Request | FOR 10 ROAD R81MS R8IN[P7UM]
Routs
Request | FOR 10 ROAD R81MC R8IN[P7UC]
Routs
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PAZUNDAUNG STATION
For reference INTERLOCKING 3page
Route Number | Point locking for route setting | Signal locking for route setting| Track for signal control Track for route locking |Approach lock| Released by | Route control
Home signal | Yangon - Mahlwagon P3  |UC |203 205 PSUC P7UC P1UC P12UC P13UC  |P3T P11T AT1AT (P3TYPA1T) [P3AT]  |90sec
Home signal | Yangon - Mahlwagon P3| UM |203 205 201 202 oS e ETuC oM R P3T P11T A13AT1 A13AT2 (P3T)(P11T)(A13ATY) [P3AT]  [90sec
Home signal | Yangon - Mahiwagon Ps  |UC |207 o e e 02 s |PST P1ST R6ST1 PA1T (PST)(P15T)RE5T1)(P11T) [PSAT]  |90sec
- 207 201 P3UC P3UM P7UC P7UM PT7S2 PST P15T R65T1 P11T A13AT1  |(PST)(P15T)(R6ST1)(P11T)
Home signal | 'Yangon - Mahiwagon Po M P4RT PAR2 P4R3 PER1 PER2 PER3  |A13AT2 (A3AT1) [PSAT]  90sec
207 203 205 204
Home signal | Yangon SID2 P s | DS oo P752 P9S2 PARZ PARS  |psT p1sT p1gT1 P19T2 P19T3  |(PST)P1ST)P19TINP19T2) [PSAT]  |90sec
@ 203 P3UC P3UM P5UC P5UM P5S2
- P7T RE8T1 P15T RG5T1 P1T  |(P7T)(RGBT1)(P15T)(RE5TY
Home signal | Yangon - Mahlwagon P7 uc . Eg% Egsg P4R1 P4R2 P4R3 P6R1 A1AT §P11)T() JP1STX ) [P7AT]  |90sec
P3UC P3UM P5UC P5UM P5S2
- ] P7T RE8T1 P15T RE5T1 P1T  |(PTT)(REBT1)P1ST)(RE5T1)
Home signal | Yangon - Mahlwagon P7 UM 201 202 E%Sﬁ g%sg P4R1 P4R2 P4R3 P6R1 A13AT1 A13AT? (PHT)AT3ATY) [P7AT] |90sec
203 205
- ) PSUC P5UM P5S2 P9S2 PAR2 P4R3  |P7T RE8T1 P15T P1GT1 P19T2  |(PTT)(RGBT1)PIST)(P19T1)
Home signal | Yangon - SID2 P7 S2 20 206 209 P6R2 PER3 P19T3 (P19T2) [P7AT] |90sec
Home signal | SID3 - SID2 P9 S2 P5S2 P7S2 P2R2 P2R3 P2S3 P2T P19T2 P19T3 (P2T)(P19T2) PgAT  |90sec
209 210 204 206
Home signal | SID2 - Yangon PR RS by 02 P92 PARZ PARS a1 p16T ResT1 Re8T2 (P2T)(P16T)(R68T1) P2AT  |90sec
, 209 204 206
Home signal | SID2 - Yangon LN P9S2 P4R3 PBR3 P2T P16T ASAT (P2T)(P16T) PoAT  |90sec
Home signal | SID2 - SID3 P2 |S3 | 209 P9S2 P2T POAT (P2T) P2AT  |90sec
204 206
Home signal | Mahlwagon - Yangon P4 R ) PoUC PSUM PTUG PTUM P4T A13AT1 P12T RE5T1 RE5T2  |(PAT)(A13AT1)(P12T)(RE5T1) PAAT  |90sec
- ) P3UM P5UM P52 PTUC P7TUM PAT A13AT1 P12T P19T1 P16T  |(PAT)(A13AT)(P12T)(P19T)
Fome signal | Mahlwagon - Yangon PR e P7S2 PGR1 PGR2 PGR3 P2R2 P2R3  |R6BT1 RGET2 (P16T)R6BT) PAAT  |30sec
- P3UM P5UM P52 PTUC P7UM P4T A13AT1 P12T P19T1 P16T  |(PAT)(A13AT)(P12T)(P19T)
Home signal | Mahlwagon - Yangon e |R3 P7S2 P6R1 P6R2 PGR3 P2R2 P2R3  |ABAT (P16T) PAAT  (90sec
202 204 206 203
Home signal | Mahlwagon - Yangon P6  [RI oy ot PTUG PTUM PAR P6T P12T R65T1 R65T2 (PBT)(P12T)(R65T1) PEAT  |90sec
205
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PAZUNDAUNG STATION
For reference INTERLOCKING
2/3page
Route Number | Point locking for route setting | Signal locking for route setting| Track for signal control Track for route locking |Approach lock| Released by | Route control
- 202 208 P5UM P5S2 P7UC PTUM P7S2 P4R1  |P6T P12T P19T1 P16T R68T1
Home signal | Mahlwagon - Yangon P6 R2 207 PAR? P4R3 P2R2 P2R3 R68T2 (PE6T){P12T)(P19T1)(P16T)(R68T1) |P6AT  [90sec
Home signal | Mahlwagon - Yangon P6 |R3 |202 o P52 AR PAR2 PARS P2R2 |pgT p12T P19TH PA6T ABAT  |(P6T)(P12T)(P1ST)P16T) PGAT  |90sec
Point (21011) P11T
Point (21022) P12T
Point (210:% P11T
Point (2% P12T
Point (21055) P1ST
Point (210(% P16T
Point Dual (21077) P15T R68T1 PTT
Point (2105 P16T
Point Triple (2105) P19T2 P2T
Point Dual (2218) P21
Request FROM DN LOCAL ) -
Route TO YANGON 5 ROAD P4-55 PARZIRIANT3]
Request FROM DN LOCAL . -
Route TO YANGON 6 ROAD P4-6S PARZIR141-16]
Request FROM DN LOCAL
Route TO YANGON 7 ROAD P4-7S P4R2[R141-17]
Request FROM DN MAIN ) X
Route TO YANGON 1 ROAD P6-1S P6R1[R142-1]
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PAZUNDAUNG STATION
For reference INTERLOCKING
3/3page
Route Number | Point locking for route setting | Signal locking for route setting| Track for signal control Track for route locking |Approach lock| Released by | Route control
Request FROM DN MAIN
Route TO YANGON 2 ROAD P82 PBR1[R142-2]
Request FROM DN MAIN
Route TO YANGON 3 ROAD P6-33 PER1[R142-3]
Request FROM DN MAIN : _
Route TO YANGON 4 ROAD PE-45 P6R1[R142-4]
Request FROM FACTORY
Route TO YANGON 9 ROAD P2-98 P2R3[R140-9]
Request FROM FACTORY
Route TO YANGON 10 ROAD P2-108 P2R3[R140-10]
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Yangon central station
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YANGON CENTRAL STATION
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Soon after the gatekeeper recognizes the alarm whistle,
he handles SW1 so that the barrier bar closes the gate.

. The gatekeeper handles SW1 in order to close and open

the level crossing gate.

. The Gate Signal 1s turned on when the gate 1s closed completely.
. The alarm terminates when the train passes through the
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the gatekeeper handles the SW1 so that the barrier bar is opened.
In case of emergency, the gatekeeper handles SW2 so that
the Obstruction Warning Indicator 1s turned on.

. When SW2 is handled and the Obstruction Warning Indicator is

turned on, the Gate Signal is turned off.
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