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ABSTRACT: The Ayeyarwady River in Myanmar is one of the longest naturally navigable rivers in the world
with vessels barging up to Bhamo, about 1500km from Yangon. This study summarizes a comprehensive
review of a basin wide river transport masterplan developed in 1988 to improve river navigation and the
changes which have occurred ever since. A summary of key issues and developments on the Ayeyarwady
River is provided, using study technologies not available in 1988 such as hydrodynamic modelling, satellite
imagery and more extensive data records. The Ayeyarwady River is very dynamic, and improving the
navigability should preferably be done with flexible measures and new technology in addition to more
conventional channel guidance works. A case study for a river intervention measure is presented and the
concept of “Navigation with Nature” is found a suitable innovative opportunity. It is concluded that to keep
inland waterway transport competitive, a first priority is to improve river conditions such that continuous
barging is guaranteed. An economic evaluation is presented of improving barging conditions which justifies
investments in the order of 150Million to 300Million USD.

1 INTRODUCTION
The Ayeyarwady River in Myanmar one of the
longest natural, navigable rivers in the world, with
vessels barging up to Bhamo, about 1500km
upstream from Yangon. The country of Myanmar is
going through a process of democratization and the
country has been the focus of new investment into
infrastructure, among others into the abundant
waterway network. This study presents an overview
of the river system, the inland waterway
transportation on the river, the developments in the
last decades and the challenges for the future. A
Masterplan for the Ayeyarwady River was
developed in 1988, and part of the study was to
review
whether
the
conclusions
and
recommendations of that masterplan are still
applicable today.

foot of the Himalayas. From there, the rivers flow
through a filled sedimentary basin in between 2
mountain ranges. After several hundreds of
kilometres, the Chindwin River meets with the
Ayeyarwady River, south of Mandalay. After that,
the Ayeyarwady River continues to flow southwards,
where the Ayeyarwady River becomes a vast river
delta with many branches and various estuaries into
the Gulf of Andaman.

2 GENERAL OVERVIEW
2.1 Introduction
The country of Myanmar has various rivers of
which the Ayeyarwady and Chindwin River are the
largest, see Figure 1. The Ayeyarwady and
Chindwin originate in the north of the country at the
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900km upstream from Yangon. The Ayeyarwady
river shows an extreme seasonal variation;
discharge during the dry season drops below
3,000 m3/s, whereas during the wet season, the
average discharge increases to more than
15,000 m3/s, with peak water flows much larger
than that.

Figure 2: Water level graphs of various years at
Mandalay (Royal HaskoningDHV)

Figure 1: Myanmar Waterway network, with the
route of the main corridor from Yangon to Mandalay
crossing the Twante Canal
Yangon is the main sea port of Myanmar through
which most of the cargo is being imported and
exported overseas. Yangon is located at the banks
of the Yangon Estuary and is connected to the
Ayeyarwady River through a maze of small rivers.
For navigation purposes, the Twante canal was built
in 1883 linking the Ayeyarwady River to Yangon.
Mandalay is centrally located in the middle of
Myanmar and a crossing of many international
routes.

From the above figure, it can already be seen that
the water level differences are very large. Table 1
presents the annual water level changes for various
water level stations along the Ayeyarwady River.
The water level changes at Yangon are purely tidal.
Maximum annual water level variations between
peak high water levels and extreme low water levels
of 13m are not uncommon. The large variation is a
result of a pronounced monsoon season combined
with Himalayan snowmelt runoff. During the dry
season, large parts of Myanmar, referred to as the
dry zone, do not have any rainfall contributing to the
river flow.
Table 1 Annual water level changes along the
Ayeyarwady River
Location
KM
Annual
water
level change
Yangon
0
5.5m
Henzada
218
10.9m
Magwe / Minbu
572 / 576
13.0
Chauk
674
13.0
Nyaung U
721
9.8
Mandalay
912
8.0

2.2 Hydrodynamics
The Ayeyarwady River is characterized by high
waters in the wet season (officially the period
between half of May to half of November) and low
waters during the dry season (half of November to
half of May), see below Figure 2 which depicts
hydrographs of various years at Mandalay, about
SMART RIVERS 2015 (www.pianc.org.ar/sr2015)

As a result of small discharges during the dry
season, water depths during this period can drop to
levels for which barging becomes problematic. For
this study, water level data for gauge stations along
the Ayeyarwady have been collected. Below
Figure 3 presents the annual minimum water levels
as well as the 95% exceedance water levels for a
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station at Sagaing, close to Mandalay about 900km
upstream from Yangon. From this it can be seen
that annual extreme minima reduced structurally
over the past decades. The same behaviour is
observed at other water level stations (not
presented here). A trend of lowering water level
maxima is not observed. From interviews carried out
for the study, a similar story has been told and water
levels in 2015 have been described as historically
low. The reasons for this strong reduction in
extreme minima are thought to be a result of dam
building upstream, deforestization in the upper
Myanmar region in the past decades, and intensified
water extraction for irrigation. Strong erosion of the
river bed does not contribute to the reduction in
water levels, as this was earlier reported to be in the
order of 30cm (one foot) per 400 years, which was
considered a very high estimate already (Haskoning
1988).

As a result of the above described hydrology,
between April to November there is no draft
restriction (wet season and intermediate season). In
the period from about December to March, draft
restrictions occur for a 1,000 DWT barge or larger
with a draft of 6ft. From Magwe to Mandalay draft
restriction occur for some days at the time, up to 1
or 2 weeks continuously during dry periods for these
barges. During the dry season, barges are therefore
often partly loaded to 600t (4,5ft). Upstream of
Mandalay, barging with 1,000 DWT is virtually
impossible during the dry season.
2.3 River dynamics
The large seasonal differences and a large wet
season runoff (peak flows exceeding 25,000 m3/s,
see Haskoning 1988) in combination with sandy bed
material results in very dynamic river channel
patterns (Figure 4). During the present study, a
detailed channel migration analysis was made along
the rivers course, to see the evolution of the river
channel position. The previous masterplan 1988
was not able to make a detailed river channel
location assessment as the technology was not
present and the time. It becomes clear that the
channel position changes significantly over time.

2000

2004

Figure 3: Annual minima (bottom) and maxima (top)
and 95% exceedance water levels (bottom) at
Sagaing for the past decades.
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2009

2012
Figure 4: River Dynamics 2000 – 2012
The river is still natural and therefore wide and very
dynamic. The highly dynamic nature of the river
results in access to various river ports being siltated
(Magwe, Mandalay), shallow areas in the river
changing location from year to year and a shifting
navigation channel requiring adaptive management
and monitoring. The channels are moving
continuously, and it will require enormous
investments (and time) to train this river. Instead, an
approach which guides the natural development of
the channels and shoals, to enhance their depth
and navigability is found more suitable, in addition to
more structural measures. This can be done by
using dredging and/or temporal structures.
2.4 Organisation, management and developments
Management and maintenance of the river system
are the responsibility of the Directorate of Water
resources and Improvement of River systems
(DWIR) under the Ministry of Transport (MoT).
DWIR is responsible for the maintaining a least
available depth on the Ayeyarwady River throughout
the year, through river training works, dredging and
other necessary means. In addition, DWIR installs
and maintains the Aids to Navigation network to
mark the quickly changing navigation channel. In
recent years, DWIR is facing more and more budget
constraints, which makes sufficient investment and
yearly budgets for maintenance difficult.
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Figure 5 Top: Aids to Navigation system. Second:
river bank erosion asks for continuous inspection
and maintenance. Bottom: DWIR inspection and
survey vessel.
Much of the inland waterway transport used to be
under the responsibility of a government
organization IWT (Inland Water Transport), a
successor of the world famous Irrawaddy
(Ayeyarwady) Flotilla Company founded in 1865
(IFC), and once the most prosperous and largest
inland waterway company in the world. In recent
years, much of the cargo transport has shifted to
private companies, currently estimated to transport
about 80% of total cargo volume on the
Ayeyarwady, against 20% by IWT.
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IWT used to operate a large number of cargo cum
passenger vessels, providing very affordable
transportation for people, costs being covered by
income resulting from cargo transport. With the
investments into better roads and more comfortable
coach busses, most of the passenger traffic is now
by road to save time.

Figure 7: Above: Left: cargo handling in Mandalay
port in 1988. Above right and below: cargo handling
in Mandalay Port in 2012 / 2015.

Figure 6 Old IFC vessel in Mandalay.
2.4

River Ports

River ports along the Ayeyarwady River are mostly
utilized for handling agricultural goods, gravel,
cement, fertilizer and all kinds of household and
metal products. Petroleum products are handled at
separate facilities, either directly offloading into
trucks, or offloading into private and government
owned tank farms. As a result of the large water
level variation along the river, mechanized cargo
handling at fixed quays or jetties is not easy, as
harbour cranes would be required to overcome
large water level differences. Cargo handling is
therefore still carried out manually using a
gangplank. Historically, cargo handling has been
done by beaching barges on the river bank,
manually offloading by gangplank. Over the past 25
years, this practice has not changed much.
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Manual offloading of bagged goods is flexible, but
offloading times exceed 2 or sometimes 3 days.
Containerized goods are not seen on the
Ayeyarwady River, except project cargo or export of
mining products of a mine north of Mandalay. Given
the quick pace of containerization in the country,
and the demand for more efficient cargo handling,
investments are necessary into river ports capable
of handling containers. To overcome the large water
level differences, innovative solutions are however
required. Below figure presents an option developed
by authors for handling containers using a floating
crane pontoon, connected to a ramp with a linkspan.
The barge can move horizontally and vertically, in
order to reduce the length requirement of the
linkspan. Other options have been proposed as well
by others. Until today, no efficient river terminal in
Myanmar capable of handling containers has been
built yet.
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Figure 10 Location of bridges along the Ayeyarwady
River

Figure 8: Alternative cargo offloading system using
a moving crane pontoon and a linkspan connecting
to a ramp (Royal HaskoningDHV).
2.5 Bridges
A total of 11 bridges are found along the
Ayeyarwady River from Yangon to Mandalay. Up to
Mandalay, bridges have been designed to have a
minimum air clearance at high water of 12m, which
provides little to no obstruction for barging.

Figure 11 Sagaing bridges
2.6 Fleet and River Barging
The barging fleet in Myanmar consists of barges
ranging from 250°DWT to about 1000°DWT. The
smaller barges can penetrate deep into the
Ayeyarwady delta and barge far upstream up to
Bhamo with a wide range of goods. The 1000°DWT
barges are predominantly found on the corridor
Yangon to Mandalay which is suitable for barges of
this draft for much of the year. The age of the fleet is
old, see table 2 below.

Figure 9 Air clearance and clearance width of
bridges along the Ayeyarwady River (DWIR)
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Table 2 Age of the Myanmar barge fleet (IWT)

2.6 Cargo Volume

Age

Percentage of total

20 years or under

23%

21-40 years

17%

41-60 years

33%

Over 61 years

27%

The cargo volumes being transported on the
Ayeyarwady River are not accurately recorded and
therefore accurate numbers of cargo volumes
transported within a year are difficult to present.
However, the following sources have been used to
make an estimate of the total volume being
transported on the Ayeyarwady River:
 Traffic counts by CCTV and image analysis
at a location near Semeikhon, in between
the confluence with the Chindwin River and
Mandalay.
 Information of the Department of Marine
Administration (DMA) recording river port
calls and vessel registrations.
 Interviews with private fleet owners
 Interviews and records of IWT

In recent years, the private sector has invested
heavily in 1000t barges to transport goods and fuel
products and in passenger cruise vessels.
1000°DWT barges are pushed by 1700Hp Tugs.

From the above sources the following becomes
clear:
 Petroleum products, gravel and sand,
cement, rice and beans, household cargo
and project cargo are the most common
cargo types (with estimated volumes being
ranked accordingly from high to low)
 Cargo volumes are estimated to be
somewhere in between 2,5 Million tons per
annum to 3,5 Million tons per annum on the
corridor Yangon to Mandalay, accounting for
80% of the total river navigation.
 The present volume is about 50% higher
than estimated in 1988, of which much of the
increase of volume is attributed to petroleum
products and construction materials.
 Barging in the dry season is most profitable
as mines are fully operating and in need of
fuel and coal, and because many agricultural
products require transport from the central
parts of Myanmar to Yangon.

Figure 12: Top: Typical 250t barge. Second: The
largest river cruise vessel “Road to Mandalay”.
Third: typical 1000 DWT barge. Bottom: Tug boat
SMART RIVERS 2015 (www.pianc.org.ar/sr2015)

As a result of the draft restrictions, the
competitiveness of inland waterway transport to
road and rail is at stake. From interview with barging
companies it was learned that more products are
being transported by truck, which is more expensive
but can be delivered more quickly to its destination,
especially in the dry season. Barge operators face
difficulties planning the trips and sufficient volumes
cannot be guaranteed.
To remove the draft restriction is a first priority, to
keep inland waterway transport competitive in
Myanmar. A more detailed study into container
transportation showed that the price per transported
container on a barge from Yangon to Mandalay is 4
times cheaper than by truck, which provides ample
opportunities for the coming years to develop.
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3 RIVER IMPROVEMENTS
EVALUATION

AND

ECONOMIC

3.1 Introduction
Several river improvement measures for the
Ayeyarwady River have been proposed, ranging
from soft dredging solutions to more fixed solutions
such as groynes and low head river dams. This
study has not been completed during preparation of
this paper, however a case study is presented. Key
bottlenecks have been identified to get a first
impression of the total required investment in the
river system.
3.2 River improvements
The detailed bathymetry maps and survey records
of the Ayeyarwady River have been used to analyse
the most critical bottlenecks on the Ayeyarwady
River. Bottlenecks by navigation charts were cross
checked with shipping companies. From this, it was
clear that shallow locations and depth restrictions
change from year to year and even within the
season. Nevertheless, analyzing the bathymetry
maps and marking the navigation channel, see
Figure 13 below, to achieve sufficient barging depth
(6ft below 95% dry season exceedance water level
for 1,000 DWT barges) provides insight in the
number of bottlenecks and the total investment to
be made to improve the river conditions.
Bottlenecks occur mainly on the stretch from
Mandalay to Magwe. South of Magwe, the water
level is sufficiently deep for year round barging.

At the moment of writing, case studies are being
worked out to estimate the total amount of
investment required to remove the main bottlenecks
from the river to allow for year round barging.
3.2

Case Study: Sagaing

The river channel just downstream of Sagaing is
presently located along the left river bank near Inn
Wa. Because of some rock outcrops along this
bank, the navigation depth in the channel is
seriously decreased during low flows and navigation
is dangerous. Risk of damage to ships through
hitting the rocks, has caused a full closure of this
route for practically all cargo and passenger vessels
for some period during the year. In the past (as
follows from satellite images) this channel was
located more in the centre of the river, and therefore
the rock was not exposed. The movement of this
channel
occurred
because
of
upstream
repositioning of the channel. In Figure 15 is shown
how the bar on the left bank at Mandalay, just
opposite of Sagaing, shows a trend of downstream
and sideward growth. As a consequence the
channel is pushed towards the right bank (Sagaing
bank) and the channel is curved towards the left
bank just downstream of this bar: this is indicated
with the white arrows.
To solve this problem it is propose to bring back the
channel to the center of the river by modifying the
channel position upstream, indicated by the orange
arrows. This is done using a series of groynes on
the right bank at Sagaing, and an initial dredging
operation, as shown in Figure 16. Dredging is
needed to reset the system, and allow the channel
to directly ‘take’ its new course.

Sagaing: analysis present situation

Sagaing

Figure 13 Bathymetry map (DWIR) and indicative
channel design for estimating (recurring) dredging
operations or structural river engineering measures

bar

bar
rock
2

Figure 14 Overview of constraints (DWIR, this
study) along the Ayeyarwady River from Mandalay
to Pakokku.
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Figure 15 Analysis of the present situation at
Sagaing
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3.3 Innovative river improvements and dynamic
channel management

Sagaing
groynes

dredge

Sagaing

dredge
rock
3

Figure 16 Layout of possible locations for dredging
and groynes

Figure 17 Bed level representative for situation
directly after dredging operation and groynes at
Sagaing
Following a reference situation, an initial dredging
operation and a series of groynes (as thin dams)
along the right bank at Sagaing were analysed in a
2DH morphodynamic model (Delft3D) of this stretch
of the Ayeyarwady River. The results show that the
channel indeed moves to the river axis, and remains
at this position. It even shows a further movement
towards the other side. The rock section will be fully
covered with a new sand bar. Various other
intervention measures are tested. A 1D model
(Sobek) has been set up for the Ayeyarwady River
system, which will be able to test the impact of
intervention measures on the river morphology. For
local impacts of the intervention measures, the 2DH
model will be used.
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Main objective of this study was to prepare a review
of the 1988 masterplan for the Ayeyarwady River
and document changes in the river system over the
past decades. Since 1988, technology and river
engineering practices have changed, and therefore
also new technologies can be applied for increasing
the navigability of the Ayeyarwady. Due to the very
dynamic nature of the Ayeyarwady River, there is a
potential for developing smart shipping or
“navigation with nature” on the Ayeyarwady.
River training works and aids to navigation aim at
safe and cost effective navigation in morphologic
dynamic rivers. For large rivers this can lead to
significant investments if navigation is to be
guaranteed for, say 95% of the year. Finances for
these investments are not always available,
especially in developing countries and can thus
hamper socio economic development and
enhancement of safe and environmental friendly
transport. Inspired by the successful "building with
nature" concepts one can question mark if
completely fixating a navigation channel in a
dynamic river is the most sustainable solution; why
not a hybrid solution where the river's behavior is
dynamically controlled by river training works
including dredging and a aids to navigation system
which is geared up for that. Hence "Navigation with
Nature"!
The concept entails the following basic elements
1. A system of river training works with the aim
of providing navigation at critical bottlenecks
2. Allow for navigation along certain routes
which are not pre-determined but depend on
the actual situation
3. Use of a real time low water level forecasting
system (compare with online high water level
forecasting systems)
4. Crowd water depth collection by vessels
plying on the river which are equipped with a
smartphone connected to a echo sounder
and sending to a central management unit
via Internet and/or SMS
5. A pre-determined LAD table
6. Central management unit where all data is
collected, processed and broadcasted via
Internet and/or SMS
7. Preparation of real time water depth
forecasting allowing for safe navigation
though depth limited stretches and
forecasting a trip in terms of cargo which can
be taken on board in view of envisaged
draught restrictions for say the next one or
two days.
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8. Broadcast most appropriated navigation
route based on vessel dimensions and
loading factor to smartphone on board of
vessels

Figure 18 AIS system with digital river maps can be
updated following online collection of barge sonar
soundings
Main benefits of “navigation with nature” is that
dredging volumes are minimized as much as
possible, the shipping companies are up to date of
the most actual water depth, the river is kept as
natural as possible and the measures are relatively
cheap.
3.4 Economic evaluation
To evaluate the economic feasibility of intervention
measures on the Ayeyarwady River, operational
and cost data were collected to construct a river
transport cost model as a basis for economic
evaluation. The model is able to replicate roughly
the transport prices per ton in the wet and the dry
season that were cited by ship-owners and freight
forwarding companies. The model was then used to
simulate the impact on costs of a river improvement
program that would enable navigation with design
draught throughout the year. A comparison of the
transport costs in the base case (without river
improvement) and in the project case (with river
improvement) yields the transport cost savings per
ton. This value was then multiplied by the total
cargo volume to obtain the total annual benefits.
Table 3 River transport cost Yangon
(USD/t)
Dry
season
Without improvement
20,02
With improvement
12,51
Lower transport costs 7,51
as a result of river
improvements

to Mandalay
Wet
season
15,98
12,34
3,64
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An economic evaluation was made by:
 multiplication of the benefit per ton with the
total annual cargo volume in the base year
(say 2015),
 forecast of the cargo volume in future years,
and calculation of the corresponding future
benefits,
 calculation of the present value of the
benefits.
An annual growth rate of freight transport is
assumed at 9% per year, following various recent
publications in recent years. For countries in the
development phase of Myanmar, the discount rate
is between 10% and 15% per year. Result of the
calculation of the present value of benefits over a
time horizon of twenty years for a variety of
assumptions with respect to the benefit per ton, the
cargo volume and the discount rate from 10% to
15%. The value of benefits ranges from 67 to 355
million USD in present value depending on selected
scenarios and economic and financial parameters.
The most likely value is between 150 and 300
million USD considering the substantial benefits
shipping can have on transport efficiency. From this,
it may be concluded that investments into the
Ayeyarwady River of up to 300 Million USD in
present value to improve the river conditions such
that continuous barging throughout the year with a
fully loaded 1000t vessel is possible, can be justified
as a positive investment from a simple cost
perspective. Additional beneftis of river transport,
such as environmental benefits, large capacity
compared to rail and road, safety, etc. have not
been considered yet.
4 CONCLUSIONS
This study has revisited the 1988 masterplan of the
Ayeyarwady River and has reviewed whether
significant changes have occurred on the river and
in the inland waterway transport sector. Based on
recent bathymetry maps, satellite image analysis
and water level records, engineering measures to
increase the navigability have been considered.
Container transport is not yet seen on the
Ayeyarwady River but the demand for cargo
transport is expected to increase in the near future.
Handling of containers at river ports is a design
challenge due to large water level differences. The
lowest water levels on the Ayeyarwady River have
decreased over the past few decades. To maintain
a competitive option against trucking and rail for
transport of goods, the Ayeyarwady River should be
able to guarantee year round transport. For this,
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river training works and yearly
dredging at high spots is necessary.

maintenance

The Ayeyarwady River is still very natural and
therefore very large and very dynamic. The
channels are moving continuously, and it will be
require enormous investments (and time) to train
this river.
A first (incomplete) analysis has shown that
engineering measures would mainly consist of
dredging shallow spots and temporary river
engineering measures. Fixating the river channel
would only be justifiable at certain locations where
natural hard points are located instead of dynamic,
freely braiding river sections which are more
commonly observed along the Ayeyarwady River.
Due to the very dynamic nature of the Ayeyarwady
River, there is also a very interesting potential for
developing smart shipping or “navigation with
nature” on the Ayeyarwady. Main benefits of
“navigation with nature” is that dredging volumes
are minimized as much as possible, the shipping
companies are up to date of the most actual water
depth, the river is kept as natural as possible and
the measures are relatively cheap.

Improvement of River Systems (DWIR) in providing
accurate information, data, knowledge and
experience on the Ayerywady river system. The
authors would like to acknowledge The Netherlands
Government, in particular RVO, for the financial
support for carrying out this study.
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In addition to this, an approach which guides the
natural development of the channels and shoals, to
enhance their depth and navigability would be
suitable. This can be done by using dredging and
temporal structures and dynamic management
using the same principles of navigation with nature
by using data collection of individual barges. This
option will be worked out in more detail.
A target for developing a strategy for the river
improvement works would be to guarantee
1,000 DWT barging year round initially. Based on a
straight forward economic evaluation, investments
up to 300 Milllion USD present value seem to be
justifiable, and potentially more when volumes pick
up, environmental considerations and other factors
are considered as well.
The study has not been completed during writing of
this paper. It is however expected that studies into
the Ayeyarwady will continue in coming years to
increase the navigability and interesting and
innovative solutions need to be applied to this
natural river. The Ayeyarwady River shows a very
large potential for transportation and will be subject
to interesting developments in the decades to come.
The authors would like to acknowledge the support
of the Directorate of Water Resources and
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