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Preface 
 
Japan International Cooperation Agency (JICA) decided to conduct the preparatory survey and 
entrust the survey to the Consortium of PADECO Co., Ltd. and ECOH CORPORATION. 
 
The survey team held a series of discussions with the officials concerned of the Government of 
the Republic of Burundi, and conducted a 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 the Republic of Burundi for their close cooperation extended to the survey team. 
 
June, 2014 
 

Akira Nakamura 
Director General, 

Economic Infrastructure Department 
Japan International Cooperation Agency 
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(1) 

Summary 
 

(1) Country Brief 
The Republic of Burundi has a population of about 8,700,000 (2012) and occupies an area of 
27,800 km2 which ,includes Lake Tanganyika. Burundi is a land-locked country in East Africa, 
and sharesborders with the Republic of Congo (hereafter referred to as DRC), the Republic of 
Rwanda (hereinafter referred to as Rwanda), and the United Republic of Tanzania (hereinafter 
called as Tanzania). It’s land falls along the West Great Rift Valley and mostly consists of 
plateaus with an altitude  of approximately 1,700m to 2,000m, with the exception of the Rusizi 
Plane located on the northern end of Lake Tanganyika, where the altitude is around 800 m. Even 
though located near the equator, the weather is moderately warm due to the high altitude and 
humidity, i.e. the mean temperature is about 23 degree centigrade and the mean annual rain fall 
is about 1,300mm to 1,600mm. 

The GDP of Burundi is about 2.5 billion US Dollars and the GNI per capita is 240 US Dollars 
(From:Ministry of Foreign Affairs of Japan Website). In recent years, the economy of Burundi 
has been growing atat a rate of approximately 4% per annum and the population in 2012 is 
estimated to have increased by 3.1%.   

The GDP in 2011 shared by the primary, secondary and tertiaryterciary sectors of industry was 
36.4%, 22.6%, and 41.0% respectively. More than 90% of the labor population was employed 
by the primary sector and until 1993, Burundi had been a food self-sufficient country. However, 
since the conflict between the Hutu majority and Tutsi minority broke out and civil war ensued 
ensuedbetween 1993 and 1998, the food has been insufficient and the food supply has been 
dependent on assistance from the international community. The major export items of the 
country are coffee and tea, which occupy about 61% and 17% of the total exports respectively.  

 
The government of Burundi has continued structural and financial reform to strengthen the 
industrial base and improve the business environment. According to the action plan of the 
long-term strategy called PRGSF/CSLP2 approved in February 2012, the government places 
spending priorities on poverty-reduction and growth strategy frameworks. Furthermore, Burundi 
became a member of the East African Community (EAC) in 2007. Since then, the country has 
been strengthening the relations with other member countries of the EAC. 
 

(2) Background of the project 
In “Vision 2025” formulated in 2011, one of the objectives is to realize an increase in GDP per 
capita from $137 in 2008 to US$ 720 in 2020. In order to achieve this objective, it is considered 
that the development of infrastructures is necessary for sustainable economic growth. In 
addition, African Development Bank (hereinafter called as AfDB) formulated “An Infrastructure 
Action Plan for Burundi – Accelerating Regional Integration” in 2009 to resolve the insufficient 
infrastructures for transport, power supply and telecommunications within 20 years, including 
the improvement of Port of Bujumbura which is identified as one of the actions to be 
undertaken. 

 
Currently the export and import cargo of Burundi is transported by trucks. The transport cost of 
the export and import goods occupies about 45% in the case of exports and 35% in the case of 
imports. Such high costs are a burden for economic growth. 

 
From the background described hereinabove, the issues of the port sector in Burundi are 
summarized as follows: 

1. The transport cost remains high, as the thru-transport from Dar es Salaam Port to 
Bujumbura by use of railway and lake is currently unavailable, 
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2. Inefficient cargo transport remains inevitable, as containerization of the lake ports is not 
materialized. 

3. Precious hard currency has been spent to maintain the largest fleets of vessels on Lake 
Tanganyika, as no ship repairing facilities are available in Burundi. 

 
Based on the current situation described hereinbefore, JICA conducted “The Study of Master 
Plan for Port Sector in the Republic of Burundi” in 2011 (hereinafter MP Study). As a result, 
Burundi requested a grant aid to the Japanese Government for the construction of a container 
terminal, ship repairing facilities, dredging of the port basin, diversion of the storm water canal, 
and technical assistance & office equipment support. The requested facilities and cost of 
implementation are as follows: 
 Amount：¥2.4 billions 
 Components： 

1) Construction of Container Terminal (Container Berth (L=80m×2=160m), Berth Apron 
(W-30m), Container Yard & Drainage (44,000 m2 (, Inner Port Road (W=20m))  

2) Ship Repairing Facilities (Slipway: L=60m) 
3) Dredging of Port Basin (V=20,400m³) 
4) Diversion of Storm Water Canal (1,245m） 
5) Technical Assistance & Office Equipment Support to BMPRA 

 
(3) The Survey Schedule 
In response to the above request, the Japanese Government decided to conduct a preparatory 
survey and dispatched a survey team during the periods below: 

- Site Survey:    From 2nd August to 22nd September, 2013 
- Survey Results Explanation:  From 22nd February to 1st March, 2014 
 

The provision of the container handling equipment, which was recommended in the MP Study, 
was not included in the request for the grant aid. The container handling equipment was 
considered necessary to make the project effective, and the necessity of the equipment was 
confirmed during the site survey. Meanwhile, dredging of the port basin was originally one 
independent component in the request, but since it was considered to be one item under the 
construction of the container terminal,  the requested components were altered and prioritized 
to the order as shown below: 

1) Construction of Container Terminal including Dredging of Port Basin 
2) Construction of Ship Repairing Facilities 
3) Diversion of Storm Water Canal 
4) Procurement of container handling equipment 

 
Regarding the request for technical assistance and office equipment support to BMPRA, it was 
concluded that minimum technical assistance will be provided for the initial operation of the 
facilities and equipment which will be built or installed for the project. 
 
During the site survey, the survey team investigated the facilities and equipment of the 
Bujumbura Port, as well as the port operation and business plan undertaken or programmed by 
the concessionaire. The team also investigated the operation of the ships that are registered in 
Burundi and operated by the Burundian ship operators. In addition, the team conducted a natural 
conditions survey and an environmental survey. The investigations resulted in the conclusion 
that the container terminal will reduce the transport cost of the export/import commodities of 
Burundi, the ship repairing facilities will improve the safety of the ships registered in Burundi, 
and the facilities are indispensable to realize the objectives of “Vision 2025.” It was also 
concluded that the diversion of the storm water canal is required to maintain the water depth for 
both the container terminal and ship repairing facilities. The environmental surveys concluded 
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that the project site was not contaminated with harmful heavy metals or PCBs and consequently 
an Environmental Report about the project implementation was submitted from BMPRA to the 
Ministry of Water, Environment, Land and Urban Planning (hereinafter called as MOE). It is 
reported that MOE approved the environmental report of the project in April 2014. 

 
Based on the survey results, as well as a contemporary study, which consists of: reviews of 
project components, dimensions and specifications of the facilities to be built, their outline 
design and workability, estimates of approximate project costs, etc., was conducted. The results 
of the study were conveyed to the Burundian side, discussed and concluded during “Survey 
Results Explanation” in Burundi. As a result, Minutes of Discussion was agreed and signed. At 
the same time, the Burundian side committed in writing to procure the container handling 
equipment themselves. Thus, the procurement of such equipment was excluded from the grant 
aid. 

 
The container terminal will have a 160m long quay wall to simultaneously accommodate two 
container vessels and a 30m wide apron for mobile container cranes for loading and unloading 
of containers. The container stacking yard will be planned for reach stackers to work for 
stacking and unstacking of containers. It should be noted that the container handling equipment, 
such as the mobile container cranes and reach stackers, will be procured by the Burundian side 
until the container terminal is completed. Meanwhile, the ship repairing facilities will consist of 
the slipway capable of pulling-up and -down of a 1,000 DWT cargo vessel, workshop equipped 
with several machineries, and worker’ s house and office building.  

 

Planned Facilities 
Works/Facilities Items/Dimensions 

Construction of Container 
Terminal 
- Dredging 
- Quay wall 
- Apron 

Quay wall L = 175m 
Container yard pavement= 34,660 m2 
Storm water drainage L = 865m 
Inner port road L = 733m 
Port basin Depth = -4.5m 
Dredging V= 47,100m3

 

Ship Repairing Facilities 
 

Slipway L = 132m, W = 20m 
Cradles L = 44.9m, W = 6.35m 
Buildings (Office, Workers’ House, Electrical works, etc.) 

Relocation of Storm Water 
Canal 

L = 1,200m (Canal bed covered with cobbles for distillation 
of polluted water ) 
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Major Equipment/Machineries to be Procured 
Equipment/Machinery Item/Number/Specifications Purpose

Workshop Machineries Overhead Crane : 2
Lathe : 1
Milling Machine : 1
Upright Drilling Machine : 1

Ttransporting, assembling, processing, manufacturing of
materials and/or parts

Screw Air Compressor Discharge Air :  6.5㎥/min Distributing compressed air to workshop and slipway
Jib Crane Working Load and Outreach : 3ton x 20mR Lifting and setting ship parts and members at slipway.
Rough Terrain Crane Maximum Rated Lifting Capacity : 30ton x

3mR
Lifting and setting ship parts and members at slipway where
jib crane is not reachable.
(Also loading and unloading cargos for port operation when
available)

Portable Generator Continuous Service Output : 125KVA
Rated Voltage : 200 - 220V
Rated Current : 350 - 370A

Supplying electricity to slipway to pull up or launch ship
during power failure from outside.
(Also supplying electricity to other facilities when needed.)

 
(4) The project Cost and Schedule 
The project cost born by the Burundi side is estimated to be approximately 9.15 million yen in 
the case of implementation of Grant Aid Cooperation by the Japanese Government. The 
implementation period takes 28 months in total, of which 9 months are allocated to detailed 
design and tender, and 19 months for construction and procurement. 

 
(5) Project Evaluation 
Relevance 

The transport cost respectively occupies 35% and 45% in the import and export commodity 
prices in Burundi. As almost all the everyday goods are imported and export of coffee and tea 
occupies a considerable large share in the export income, reduction of the transport cost is the 
urgent issue to foster the economic growth. In this regard, the construction of the container 
terminal is indispensable to achieve the US$720 GDP per capita in 2025 from US$137 in 2008 
as targeted in “Vision 2025” by promoting the lake transport and reducing the transport cost. As, 
the project implementation will result in lower prices of the everyday commodities, all the 
people of Burundi will be the beneficiaries. 
 
Meanwhile, the ship repairing facilities will result in the reduction of outgoing currency from 
Burundi by repairing the largest fleet on Lake Tanganyika in Burundi instead of repairing them 
in Tanzania or DRC. Consequently, they will create job opportunities and improve the 
technology in Burundi. Thus, they will contribute to the self-dependency of the Burundi 
economy. 
 
Effectiveness 

Quantitative Effectiveness 

The quantitative effectiveness is evaluated with respect to the increase of the cargo handling 
capacity of Bujumbura Port, reduction of the container transport cost from/to Dar es Salaam 
Port by railway and lake via Kigoma Port instead by road all the way from/to Dar es Salaam 
Port, and increase of the inbound containers from Mpulungu Port. The targets of the 
effectiveness are summarized in the table below:  
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Quantitative Effectiveness 

Indicators Originals 
(2012) 

Targets (20201) 
(4 years after project completion) 

Cargo throughput (1,000ton per year) 122.8 296.1 
Transport cost of 40 ft container (US$/box) 5,300 

(Road) 
4,497 

(Railway and lake via Kigoma) 

Containers from Mpulungu Port (TEU) 0 9,325 

Annual number of ships repaired in Burundi 
None 

Large scale repairing : 5 
Small scale repairing : 18 

 
The qualitative effectiveness of the project is described as follows: 

 
1) The efficiency of cargo handling in Bujumbura Port will improve due to the containerization 

of the majority of cargo; 
2) Safety of the lake transport will improve, due to the fact that ships of Burundi will be 

periodically inspected and repaired on the completed slipway; 
3) The port basin can be deep, as the existing storm water canal will be relocated and the 

sediments from the city will no longer flow into the basin; and  
4) The job opportunities will be created owing to the ship repair facilities, as they can repair 

not only the ships of Burundi but also those of Tanzania, DRC and Zambia. 
  

                                                   
1 As the development of Mpulungu Port in Zambia is planned to start with AfDB’s assistance in 2020, the target year 
is also set 2020, which is 4 years after the project completion, in order to evaluate the container handling at 
Bujumbura Port as one of the indicators. 
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Chapter 1 Background of the Project 

1-1 Higher Goal, Roles of the Project, Goal of the Project 
The higher goal for Burundi, which is declared in the "Burundi Vision 2025", is to achieve GDP 
per capita of 720 US dollars by 2025. 
The project, and in particular the construction of the container terminal, is implemented to 
significantly reduce transport costs for Burundi’s imports and exports. In addition, the 
rehabilitation of railway between Kigoma and Dar es Salaam, aims to increase the purchasing 
power of the people by reducing the import price and strengthen export competitiveness and 
thereby increasing exports and trade income. Further, the ship repair facilities will enable 
Burundi to repair the Burundian fleet of vessels, reducing the outflow of foreign currency from 
Burundi and in general, promoting safe navigation. 
Therefore, the goal of this project is set forth as follows. 
1) To materialize container cargo throughput by 2025 as projected 
2) Tomaintain and repair works of all the Burundian vessels locally in Burundi, and to 

eliminate accidents at the lake due to inadequate repair works 
 
1-2 Outline of the Project 
In order to accommodate for import/export containers of Burundi, which are transported 
between Kigoma port and Bujumbura port, and those of Burundi and her neighboring countries 
such as Rwanda, northeast of the Republic of the Congo (hereinafter DRC), etc., which are 
transported between Mpulungu port and Bujumbura port, a container terminal having 2 berths 
and stacking yard will be constructed. In addition, ship repair facilities consisting of a slipway 
which can repair the maximum Burundian vessels, workshops equipped with machine tools, and 
office building and worker’s house will be built. Further, the storm water canal flowing in the 
port basin will be relocated in order to minimize the maintenance dredging in front of the 
container terminal, and the ship repair facilities by preventing water depth from becoming 
shallow. 
Procurement of cargo handling equipment is excluded from this project. Coordination with 
other donors such as AfDB is envisaged when the handling units are to be procured.  
 
1-3 Natural Conditions 
1-3-1-1 Climate Condition 
Burundi belongs to a tropical zone in the climate classification. However, the majority of the 
land forms a plateau at an approximately 2,000 m altitude and Lake Tanganyika occupies the 
western part of its territory. The ambient air is relatively cool, the weather is moderate. The 
rainy season generally starts in November and continues until April while the dry season is from 
May to October.  
 
The maximum, minimum and average temperatures at the capital city of Bujumbura (S. Lat. 
3º16’, E. Long. 29º18’) are 35.5 degree centigrade, 11.2 degree centigrade and 24.5 degree 
centigrade respectively. The climate is moderate. The annual peak rainfall may take place from 
November to April. Meanwhile, minimal rainfall happens during a relatively short period from 
May to August. The maximum monthly rainfall is 248.7 mm per month.  
 
According to the weather statistics collected from 2008 to 2012 by the meteorological station of 
the Geographical Institute of Burundi (IGEBU) at the Bujumbura Airport located at 
approximately 5km to the north east of the city, the average atmospheric pressure is 923hPa 
which is due to the high latitude. During the rainy season, the monthly average humidity has 
reached a maximum of 79%. On the other hand, during the dry season it has  gone down to 
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54%. It is hot and humid during the rainy seasons and it is comfortable during the dry seasons. 
According to the observation of sunlight, every year there months with more than 300 hours of 
sunlight, and in such months, there are no cloudy days. There are also months with less than 150 
hours of sunlight, and  in such months, on average there is no sunlight for half of the day . 
 
According to the wind observation conducted from 2004 to 2009 at the tip of the north 
breakwater of the Bujumbura Port, the maximum monthly average wind velocity was 2.76m/sec. 
During the site survey, it was observed that the wind direction ceaselessly varied from ENE to 
ESE in the morning and from SSE to SSW in the afternoon. At the existing oil berth and the 
navy jetty, the wind direction gradually changed from the land to the lake. Generally it can be 
said that the wind blows from the north to the south i.e. to Lake Tanganyika in the morning and 
it blows from the south to the north in the afternoon. The wind observation has not been 
conducted since the equipment was broken in 2010. 
 
There are no available wave and current observations. However, the wave condition is 
considered as follows: In Lake Tanganyika wind waves are generated by winds blowing from 
the lake. Owing to the geography of the Bujumbura Port and the lake, the relatively high 
wind-generated waves intrude into the port basin, as the fetch of the lake is significantly long 
from the north to the south along which direction the winds continue to blow in the afternoon. 
In addition, as it opens to the south, the waves at the port entrance were often observed around 
1m high when strong winds blow in the afternoon from the south. There are no significant 
currents of the lake to be taken into consideration for the port improvement. 
 
1-3-1-2 Water level of Lake Tanganyika 
The highest and lowest water levels of Lake Tanganyika that were observed during the 84 years 
between 1929 to 2912 are 777.07m (1964) and 772.83m (1950) respectively. In the last 20 years, 
the highest recorded water level was 775.60m, which is 1.50m lower than the highest water 
level recorded to date. Water levels change between rainy and dry seasons but no significant 
change takes place from day to day. The water level observed during the MP survey was 
77.380m.  
 
1-3-1-3 Sedimentation 
The major rivers flowing into Lake Tanganyika are shown in Figure 1.1, which shows their 
geographical relation to Bujumbura Port.  
 
Rusizi River, located about 8km northwest of Bujumbura Port and flowing along the border 
with DRC, has a considerable discharge and sediments which forms a delta at the river mouth 
on Lake Tanganyika. Ntahangwa River, located about 1km north of the port, has been changing 
it’s channel everytime there is a large-scale flood caused by heavy rainfall. Mutimbuzi River, 
located about 3km from the port and flowing between Rusizi River and Ntahangwa River, has a 
medium discharge and, when it floods, debouches many plastic bottles and other wastes which 
are accumulated along the shoreline.  
Figure 1.2 shows the geographical changes of Ntahangwa River at its river mouth. Sediments 
and other discharged matters have accumulated behind the existing oil berth. 
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Figure 1.1 Major Rivers of Burundi 

 

 
Figure 1.2 Change of Channel of River Ntahangwa 

 
1-3-1-4 The storm water canal in Bujumbura Port 
The sewage system of the city around Bujumbura Port is shown in the Figure below. In 
principle, the sewage system should be independent from the drainage system. Actually, 
however, the habitants reportedly do not recognize the differences when they discharge their 
wastes.  

N

Ntahangwa River (1 km)

Dama River(2.5 km)

Murembwe River (4 km)

Mutimbuzi River (5 km)

Rusizi River (8 km)
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Source: CTB Plan Directeur d’Assainissement de Bujumbura Analyse de la situation actuelle – Rapport CTB / 
SETEMU Groupement FWT-SHER-GEOSCI - Mars 2013 

Figure 1.3 Sewage System and Sewers Loacaiton around Bujumbura Port 
 

From the figure, it could be noted that a storm water canal called Buyenzi Canal is flowing into 
the port basin of Bujumbura Port. The canal discharges both storm and waste water. Buenzi 
Canal, which passes through the Buyenzi District of Bujumbura City located at the hinterland of 
the port, is carrying the waste from the ground but also domestic and industrial wastes into the 
port basin. Particularly at heavy rainfall, a considerable volume of wastes from the ground flows 
into the basin and accumulate atthe bottom causing the port basin to become shallower. 
 
1-3-1-5 The maintenance dredging of Bujumbura port 
The maintenance dredging of the port basin was carried out in 2009 and about 95,000m3 was 
excavated. Meanwhile, the capital dredging was carried out in 1960 by a Dutch contractor. 
Before 2009, a local contractor, Amsar, tried to dredge the port basin but it was not technically 
viable for Amsar. The maintenance dredging in 2009 was carried out with a cutter suction 
dredger and the excavation was confirmed incomplete alongside the quay wall of the general 
cargo berth. The incompletion is considered due to the cargo loading and ship mooring taking 
place alongside the quay at that time. 
 
1-3-1-6 Topographic and Bathymetric Surveys of Bujumbura Port 
In order to complement the topo- and hydrographic map drawn for the MP survey, an additional 
topographic survey (approx. 91,000m2) and bathymetric survey (approx. 32,000m2) were 
conducted for the preparatory survey. The newly produced map is shown in the next page. 
Generally speaking, the project site is flat. The ground on the city side is higher than EL+778m 
and it is gradually is becoming lower to the west. The average ground elevation of the project 
site is EL+777m to EL+778m, while the elevation of the casaba field located in the west but 
within the port territory is EL+775m to EL+776m. 
The result of the additional bathymetric survey show that, the lowest bottom of the inner port 
basin is found existing in front of the general cargo berth, and its elevation is lower than 
EL+768m. Around the center of the inner port basin, the altitude is mostly lower than EL+770m 
and port basin is gradually getting shallower to the east end of the port basin. Alongside the 
quay wall of the general cargo berth, the bottom altitude is higher than EL+777m, which is 
higher than the design elevation of the quay wall oE EL+769m  
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Figure 1.4 Topo- & Hydrographic Map of Bujumbura Port 
 
1-3-1-7 Geography of Project Site 
Borehole exploration was conducted for geotechnical investigation at the planned container 
terminal and ship repairing project site. SPT’s were carried out to identify the subsurface 
distribution and bearing capacity of the soil. Laboratory tests were conducted to identify the 
physical and mechanical properties. The boring logs are attached to this report as an appendix. 

 

Table 1.1 Geotechnical Borehole Exploration 
Facilities Location Depth and 

Number of 
Boring 

Borehole 

Container Terminal Along face line 
Along the anchor piles 

30m : 2 
20m: 1 

No.3, No.4 
No.5 

Ship Repairing 
Facilities 

Launching point 
Center of slipway 

30m: 1 
30m: 1 

No.1 
No.2 

Relocation of Storm 
Water Canal 

Connection point with city 
drainage 
Crossing at oil pipelines 

5m: 1 
 
5m: 1 

No.6 
No.7 

 
 
Regarding the storm water canal, the subsoil is confirmed to be sandy beside the silty layer of 
about 2m beneath the ground surface at the connection point with the city drainage and at the 
crossing point with the pipelines. There will be no significant settlement of the canal after 
completion. 
 
Along the face line of the planned container quay wall, a very stiff sandy layer has been 
confirmed beneath the surface layer of about 1m to 6m of silty sand. The stiff sandy layer 
continues to the end of the boreholes and N-value becomes more than 30 from 6m to 13m 
beneath the ground surface.  
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At the planned slipway location, a stiff sandy layer has also been confirmed beneath the surface 
layer of the silt with cobbles or clayey silt which is about 4m to 8m depth. It is considered that 
the foundation can easily be constructed to support the slipway, cradles, and ships under repair. 
However, a clayey silt exists at the end of the slipway, and careful attention should be invited to 
design and construct the retaining wall, particularly concerning the back-fill and its 
workmanship. 
 
1-4 Environmental Considerations 
The following environmental considerations will be required for this project implementation. 
 
1) Approval for this Project by the Ministry of Environment 

BMPRA submitted “Environmental and Social Impact Study” for the approval of this 
project by the Ministry of Environment. The approval is necessary to implement the 
project. 

 
2) Pollution Prevention of Lake Tanganyika from Storm-Water Canal 

Rain water discharged from the city, which is currently flowing into the port basin, will 
directly flow into Lake Tanganyika after the relocation of the storm-water canal. Therefore, 
measures have to be undertaken to prevent the city’s waste and polluted water from directly 
flowing into Lake Tanganyika through the relocated canal. 
After the hand-over of the relocated canal, the Burundi side is required to periodically 
remove waste from the screen and clean the bed of the relocated canal. 

 
3) Measures for PCB in the Transformer Shed 

The ground in the transformer shed near the existing container quay is contaminated by 
PCB due to leakages of insulation material from the transformer. This shed is located 
outside of the site for this project. Because decontamination of PCB is difficult, the 
transformer and contaminated soil should be kept in a closed container until the legislation 
for treatment of hazardous materials in Burundi is fully organized. If this measure cannot 
be finished before the start of the construction, the area including the transformer shed 
should be fenced and a signboard of caution should be properly set up to prevent access of 
workers. These measures are to be taken by BMPRA. 

 
4) Treatment for Large Mammals Inhabiting the Project Site 

There are hippopotamuses living in this project site. They may enter the construction site 
by climbing up the shore slope till the construction works of quay wall or reclamation wall 
are completed. Sometimes during the day, hippopotamus stay underwater exposing only the 
eyes and nose. Therefore, it should be assured they are not near the site every morning in 
order to protect workers from them, and if necessary, construction workers should be 
alarmed if hippopotamuses are present. 

 
5) Prevention of Water Pollution by Construction Works 

Typically, dredging work leads to water pollution, and so, it should be prevented 
beforehand. In order to do so, the dredging area will be enclosed by setting a proper canvas 
in water, such as a “silt curtain,” and at the same time, water turbidity or transparency in 
and out of the enclosure will be checked to maintain the quality of lake water. These 
measures should be mentioned in the construction specifications and its cost should be 
included in the total construction cost. 
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6) Environment Management Organization during Construction 
Presumably, BMPRA has not acquired the certificate as an implementation organization of 
the international environment management system, ISO 14001.  
Organizing and implementing a full-scale environment management system is costly and 
many staff members need to be assigned. Therefore, a simple but practical Environmental 
Monitoring Organization should be set up which should be active 3 months before the start 
of the construction works.  
 
In order to establish the Environmental Monitoring Organization, one person should be put 
in charge.This person can hold other positions, and should be assigned by the management 
of BMPRA to monitor the environment (watching for abnormal conditions and monitoring 
ambient conditions) at both the construction site and surrounding area of the port before 
and during the construction works. As necessary, he or she will also deal with complaints 
to the construction works from business operators and residents in and/or around the port 
area. 
 
Further, one more person in charge (who could hold other positions) should be assigned by 
BMPRA to the concessionaire, Global Port Services Burundi (hereinafter, GPSB), . This 
person could ask GPSB to cooperate in the environmental monitoring by BMPRA for the 
construction site, water area, and land area near the site. BMPRA could also ask GPSB to 
cooperate in the sharing of information and records obtained from the monitoring at all 
times. 
 
The Environmental Monitoring Organization should also include the top project 
management member from the contractor side.  
 
Environment management during the construction should be carried out as follows: 
1. Period and objects of  environmental monitoring 

Observation of the inner port water area during the construction 
 

2. Establishing a monitoring organization with members from all three parties 
Responsible individuals (who can hold other positions) will be selected for monitoring 
from the three organizations, i.e. BMPRA, GPSB and the Contractor, in order to 
establish a management system. 
Regular meetings will be held once a month during the construction. The Chairperson 
will belong to BMPRA and minutes will be recorded.  
 

3. Recording measurements and regular reporting to higher level authority and JICA  
Water quality measurement (turbidity or concentration of suspended solids) should be 
conducted once a month in the 3 months prior to the start of construction, as well as 
once a week during the construction. The records of measurement will be filed. 
Further, complaints for noise, vibration, bad odor, etc. by the business operators or 
residents adjacent to the port area will be recorded and proper measures will be 
undertaken, even though these are not aspects which need to be monitored regularly. 
The results of the monitoring will be reported to JICA periodically. 
 

4. Environmental monitoring items and measuring points to be noted with care 
Item 1 mentioned above should be conducted at the construction site and in and 
around the port area. It should be verified that the new measurements are not 
significantly worse than the measurements obtained during the baseline survey. 
Monitoring points and objects to be observed regularly in the water area of the port 
area are as follows. 
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Table 1.2 Water sampling during Construction 
Point of Sampling Water depth Frequency Item to be analyzed 

(1) Inside of “silt curtain” (during 
dredging) 

(2) 10 m west of “silt curtain” 
edge 

(3) 150m west 

(4) Entrance of port basin 

-1 m from lake 
surface 

Once a week, 3 
times for the 
day 

Concentration of 
suspended solids 
(mg/l) or turbidity 
(NTU) 

 
 

Table 1.3 Water sampling after Handover of Facilities 
Point of Sampling Water depth Frequency Item to be analyzed 

(1) Container terminal berth 
(2) 100 m west from the point (1) 

above 
(3) 250m west 
(4) Entrance of port basin 

-1 m from lake 
surface 

Once a week, 3 
times for the 
day 

Concentration of 
suspended solids 
(mg/l) or turbidity 
(NTU) 
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Chapter 2 Contents of the Project 

2-1 Basic Concept of the Project  
① Objectives 
In accordance with “Vision 2025” formulated in 2011, the Burundian government is pursuing 
the goal to increase the GDP per capita to US$ 720 by 2020, a drastic rise from US$137 in 2008. 
In order to achieve this objective, the development of infrastructure is necessary for sustainable 
economic growth. In addition, African Development Bank (hereinafter called as AfDB) 
formulated “An Infrastructure Action Plan for Burundi – Accelerating Regional Integration” in 
2009 to resolve the insufficient infrastructure for transport, power supply and 
telecommunications within 20 years and the improvement of Port of Bujumbura is identified 
one of the key actions to be undertaken. 

 
Lake transport has been considered and propagated as a moremore efficient transportation 
means than road because of its economy as well as its bulk mass capabilities and safetyty. It is 
considered in Burundi as the key issue to sustain economic growth. Therefore, Burundi 
requested "The Study of Master Plan for Port Sector in the Republic of Burundi" (hereinafter 
called as MP Study) be carried out with the technical assistance of the Japanese Government. 
MP Study aims at strengthening the functions of the ports of Burundi to materialize safe 
navigation and vitalize the economy. Overall, it aims to formulate both the master plan of the 
port sector whichmainly consists of  Bujumbura Port and Rumonge Port and the short-term 
development plans of both ports. In response to this request, the Japanese Government 
dispatched a study team to Burundi in October to November 2009 and confirmed that the 
Burundian Government was ultimately planning for the port sector developments. As a result, 
MP Study was conducted from 2011 to 2012 and, besidess the Rumonge Port master plan, both 
the master plan of Bujumbura Port in the target year of 2030 and its short-term development 
plan in the target year of 2015 are formulated. 
 
In MP Study, the master plan for the development of Bujumbura Port is concluded on the 
following principles: 

 
1) To ensure sufficient port premises capacity can meet the future containerization of cargo to 

be transported on Lake Tanganyika, particularly those from/to Dar es Salaam via TRL 
railway and Kigoma Port 

2) To secure the shallow water area consisting of sand and boulders debouched from the River 
Ntahangwa so that the port premises can be expanded to there in future 

3) To build a container berth to meet the container demand to be generated by a TRL container 
block train and containerization of break bulk cargo 

4) To build a slipway accompanied by a workshop at the inner part of the port basin to repair 
and inspect the fleet of Burundian ships 

5) To secure a sufficient port basin for Ro/Ro berth and oil-tanker berth which will be required 
in future 

 
Based on the principles above, two alternative development layouts were studied and the 
alternative to develop the container terminal and ship repairing facilities at the inner port basin 
was selected. The following facilities were concluded to be built under the short-term 
development: 

1. Relocation of the storm water canal 
2. Construction of container terminal 
3. Construction of ship repairing facilities 
4. Rehabilitation of existing general cargo berth 
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Construction of the container terminal, ship repairing facilities, dredging of the port basin, 
diversion of the storm water canal and technical assistance & office equipment support to 
Japanese Government. The requested facilities and amount for their implementation are as 
follows: 

 
 Amount：¥ 2.4 billion 
 Components： 

1) Construction of Container Terminal (Container Berth (L=80m×2=160m), Berth Apron 
(W-30m), Container Yard & Drainage (44,000 m2 (, Inner Port Road (W=20m))  

2) Ship Repairing Facilities (Slipway: L=60m) 
3) Dredging of Port Basin (V=20,400m³) 
4) Diversion of Storm Water Canal (1,245m） 
5) Technical Assistance & Office Equipment Support to BMPRA 

 
From the preceding discussions, the priority objective over the improvement of Bujumbura Port 
project is to materialize the steady lake transport in order to sustain the economic growth 
outlined in “Vision 2025.” In line with the priority objective, this project intends to develop the 
container terminal and ship repairing facilities in order to reduce the transport cost by enhancing 
container transport and ensure the safety of lake navigation by repairing the ships registered in 
Burundi within the Burundian territory. As containerization of Mpulungu Port will start in 2020 
with the assistance of AfDB, the effectiveness of the project will be evaluated by the indicators 
in the same year, i.e. 4 years after the project completion. The indicators are set out as follows: 
- Cargo throughput t in 2020: 296,100 ton based on the cargo demand forecast 
- Transport cost of 40ft container from Dar es Salaam Port in 2020: US$4,497 per box (via rail 

and lake) from US$5,300 per box (via road) estimated by applying the tariff which is levied at 
Kigoma Port 

- Container cargo from Mpulungu Port in 2020: 9,325 TEUs based on the cargo demand forecast 
- Ship repairing in 2020: 5 ships (large scale repair) and 13 ships (small scale repair) based on the 

estimated number of the ships to be employed to transport the forecast demand of cargo 
 

② Outline of the Project 
In response to the request of the Burundian Government, the Japanese Government decided to 
conduct a preparatory survey, which was conducted from August to September in 2013. As a 
result, the survey confirmed that the container handling equipment, which procurement had 
been recommended in MP Study, was necessary for appropriate operation of the container 
terminal upon its completion in order to ensure the effectiveness of the project. It was also 
confirmed that the dredging of the port basin was to be included in the construction of the 
container terminal  

 
Regarding the request for the technical assistance and office equipment support to BMPRA, it is 
concluded that the minimum technical assistance will be provided for the initial operation of the 
facilities and equipment which will be built or installed for the project. More in detail, it is 
concluded that the contactor will provide skilled workers to the project site to train counterpart 
workers for pulling-up and –down of a ship by moving the cradles on the slipway, as this 
slipway operation would be the first experience in Burundi according to BMPRA. As a result, 
the requested components are formulated and prioritized in the order as shown below: 

① Construction of Container Terminal including Dredging of Port Basin 
② Construction of Ship Repairing Facilities 
③ Diversion of Storm Water Canal 
④ Procurement of container handling equipment 

 
Based on the survey results, a contemporary study was conducted in Japan. The results of the 
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study were conveyed to the Burundian side during “Survey Results Explanation” in Burundi in 
February 2014. During the discussion, the Burundian side committed themselves in writing to 
procure the container handling equipment by themselves. Thus, the procurement of such 
equipment was excluded from the grant aid. 

 
As a result, the project facilities to be constructed or procured are summarized in the following 
tables: 
 

Table 2.1 Planned Facilities 

Construction of Container 
Terminal 
Dredging 
Quay wall 
Apron 

Quay wall L = 175m 
Container yard pavement= 34,660 m2 
Storm water drainage L = 865m 
Inner port road L = 733m 
Port basin Depth = -4.5m 
Dredging V= 47,100m3

 

Ship Repairing Facilities 
 

Slipway L = 132m, W = 20m 
Cradles L = 44.9m, W = 6.35m 
Buildings (Office, Workers’ House, Electrical works, etc.) 

Relocation of Storm Water 
Canal 

L = 1,200m (Canal bed covered with cobbles for distillation of 
polluted water ) 

 
 

Table 2.2 Major Equipment/Machineries to be Procured 
Equipment/Machinery Item/Number/Specifications Purpose

Workshop Machineries Overhead Crane : 2
Lathe : 1
Milling Machine : 1
Upright Drilling Machine : 1

Ttransporting, assembling, processing, manufacturing of
materials and/or parts

Screw Air Compressor Discharge Air :  6.5㎥/min Distributing compressed air to workshop and slipway
Jib Crane Working Load and Outreach : 3ton x 20mR Lifting and setting ship parts and members at slipway.
Rough Terrain Crane Maximum Rated Lifting Capacity : 30ton x

3mR
Lifting and setting ship parts and members at slipway where
jib crane is not reachable.
(Also loading and unloading cargos for port operation when
available)

Portable Generator Continuous Service Output : 125KVA
Rated Voltage : 200 - 220V
Rated Current : 350 - 370A

Supplying electricity to slipway to pull up or launch ship
during power failure from outside.
(Also supplying electricity to other facilities when needed.)  

 
2-2 Outline Design of the Japanese Assistance 
2-2-1 Design policy 
2-2-1-1 Basic Policy 
The priority order of the required components is as follows. It should be noted that dredging 
was included in the container terminal construction phase and not treated as a separate 
individual component. 
 
1) Construction of Container Terminal (including dredging) 
2) Ship Repair Facility 
3) Diversion of Storm Water Canal 
4) Container handling Equipment 
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When this preparatory survey started, the Burundi side requested technical assistance for 
operation/maintenance management and strengthening of the organization after completion of 
the project. Therefore, essential technical assistance will be provided during the implementation 
of this project, such as training required for operation of the completed facilities and procured 
tools/materials. More specifically, the training of landing/launching ships on the slipway will be 
conducted using actual vessels as requested by BMPRA because this is the first experience for 
Burundi to operate such facilities. Therefore, skilled workers will be dispatched for the training 
and the incurred training cost will be included in the construction cost of the slipway. 
 
Moreover, the procurement of the container handling equipment that the Burundi side requested 
is excluded from the grant aid for project implementation at this stage in consideration of the 
matters below: 

1. If the procurement cost is included, the project cost will significantly exceed the grant 
aid budget that the Japanese side had envisaged in the project cost estimation, 

2. Procurement of the container handling equipment is the forth priority, and 
3. The other donor will potentially provide financial assistance for the procurement or 

the concessionaire (GPSB) may acquire the equipment by themselves. 
 
During “Survey Results Explanation” in Burundi in February 2014, the above-mentioned 
matters were explained to the Burundian side for their decisions. As a result, the Ministry of 
Transport, Public Works and Equipment submitted a letter dated March 20, 2014 to JICA 
agreeing that the following equipment would be procured by their responsibility until the project 
is completed: 
- Mobile container STS crane 35 ton at 19m radius: 1 
- Reach stackers 35 ton: 2 (1 for 3 tiers for loaded, 1 for 4-tiers for empty) 
- Tractor heads: 2 
- Terminal chasis: 3  

Thus, the procurement of such equipment was excluded from the grant aid. 
 

2-2-1-2 Policy with respect to Natural and Environment Conditions 
Bujumbura has a temperate climate, as the maximum and minimum temperatures are 35.5 oC 
and 11.2oC respectively and annual average temperature is 23.3oC from 1996 to 2009. There are 
two rainy seasons, around March and December, and the maximum and minimum monthly 
rainfalls of these periods are 248.7 mm and 0 mm respectively. Further, no strong wind has been 
observed, so no special climate condition will be applied to the design. 
The design standard does not require earthquakes to be taken into consideration. However, 
Bujumbura is located at the West Grate Rift Valley and there have been some notable 
earthquakes. Therefore, the minimum seismic coefficient of Japan, i.e. 0.08, will be applied to 
the design. 
 
Chronological change of water level of Lake Tanganyika is shown in the following figure, 
which will be taken into consideration to decide dimensions such as water depth and crown 
height of the quay wall of the container terminal, top elevation of the protection wall of the ship 
repair facility, elevation and slope of the slipway, etc. 
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Figure 2.1 Chronological Change of Water Level of Lake Tanganyika 

 
There are some waves around 1 m high entering into the port. However, the quay wall of the 
container terminal is protected by the existing breakwater and the exiting container quay which 
acts as an inner breakwater. Therefore, no special consideration is required for wave activity. 
 
Large volumes of waste and polluted water are flowing into the existing storm water canal 
which is to be relocated in this project. Therefore, it is required that the facilities/structures of 
the newly constructed canal will decrease waste and polluted water from directly flowing into 
Lake Tanganyika. 
 
2-2-1-3 Policy with respect to Social and Economical Conditions 
Nowadays, Burundi aims to establish a democratic country based on the Arusha Peace 
Agreement. Therefore, interference in the lifestyles or traditions of some particular ethnic or 
religious groups should be avoided. 
 
As Burundi is still one of the world’s poorest nations, facilities, structures and equipment with 
minimum maintenance costs should be designed or procured. 
 
2-2-1-4 Demand Forecast 
A. Demand Forecast of Cargo between Bujumbura and Mpulungu of Zambia 

In “The Study of Master Plan for Port Sector in the Republic of Burundi “ (MP), the cargo 
volume between Bujumbura port and Mpulungu port in Zambia is estimated to be 220,800 
ton in 2020, and 397,900 ton in 2030, covering the import/export cargo of southern Africa 
from Burundi and Rwanda. The volume of each item is shown in the following table. 
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Table 2.3 Demand Forecast of Cargo of Mpulungu – Bujumbura 

Unit : 1000 t
Commodity 2015 2020 2025 2030

Animal & Animal Products 0.3 0.4 0.5 0.6
Vegetable Products 6.3 8.7 11.5 14.8
Foodstuffs 29.2 41.1 54.5 70.5
Mineral Products 79.5 119.2 165.9 222.9
Mineral Fuel and Oil 8.2 11.4 14.9 19.1
Chemicals & Allied Industries 2.7 3.7 4.7 6.0
Plastics / Rubbers 1.1 1.5 1.9 2.5
Raw Hides, Skins, Leather, & Furs 4.2 6.3 8.9 12.0
Wood & Wood Products 2.0 2.7 3.5 4.5
Textiles 0.7 1.0 1.3 1.7
Footwear / Headgear 0.1 0.2 0.2 0.3
Stone / Glass 4.3 6.4 8.9 11.9
Metals 10.2 14.2 18.7 24.2
Machinery / Electrical 2.2 3.1 4.1 5.2
Transportation 0.7 1.0 1.3 1.7
Total 151.6 220.8 300.9 397.9  
Source: the MP survey 

 
This demand forecast in the table above is estimated on the assumption that the GDP growth 
rate of Rwanda and Burundi will be 4.5 % after 2016. This is considered reasonable as the 
current GDP growth rate of Burundi is estimated to reach around 4.5 %. 
 
In the MP survey, 95 % of the “Mineral Products” in the above table is assumed to be 
cement which cannot be containerized (because cement sticks to the container and makes it 
difficult to clean). Under the assumption that containerization of Mpulungu port would start 
in 2020, the following demand is estimated for 4 cargo types - break bulk, container, dry 
bulk, and liquid bulk – in consideration of the containerization rates of each commodity. 
 

Table 2.4 Demand Forecast of each Cargo Type of Mpulungu – Bujumbura  

Unit : 1000 t
2015 2020 2025 2030

Breakbulk 141.1 133.4 184.6 246.8
Container 0.0 72.4 96.1 124.6
Dry bulk 4.0 6.0 8.3 11.1
Liquid bulk 6.6 9.1 11.9 15.3  
Source: the MP survey 

 
During this preparatory survey, it was found that cargo handling at Bujumbura port 
decreased significantly in 2013. The main reasons are considered as follows. 
 
1） Cement production in Burundi started in 2011. The production volume has reached 62 - 

65 % of the domestic demand for cement. 
2） Import volume decreased because of shortage of foreign currency caused by significant 

deterioration of the current account. 
3） Shrinkage of economic activity in Burundi due to the decrease in support by donors as a 

result of the Euro currency crisis. 
The Burundi side added the following incident as one of the reasons. 
4） Destruction of the Bujumbura market due to fire 
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It can be judged that the reduced cargo handling of Mpulungu port is a temporary phenomenon 
because of the abovementioned reasons, except for the decrease of cement import as a result of 
domestic production, which is due to economic depression. Furthermore, Burundi has some 
similar experiences in 1996, 2001, and 2007 as shown in Table 2.5. 
 

Table 2.5 Cargo Handling Volume at Bujumbura port 

 
 
Currently, Burundi imports clinkers to domestically produce cement. Therefore, it can 
assumed that the domestic cement production will be continued regardless of the existence 
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or non-existence of lime rock resources in Burundi, and cement import from Mpulungu port 
will decrease, as domestic production will be enough to replace imports. The demand 
forecast of the cargo between Bujumbura port and Mpulungu port is shown in the table 
below; the forecast is based on the assumption that 95 % of the “Mineral Products” is 
cement and 65 % of it is replaced by domestic cement. 
 

Table 2.6 Demand Forecast of each Cargo Type of Mpulungu – Bujumbura  

Unit : 1000 t
2015 2020 2025 2030

MP forecast 141.1 133.4 184.6 246.8
Decreased 49.1 73.6 102.4 137.6
Forecast of this study 92.0 59.8 82.2 109.2

Container 0.0 72.4 96.1 124.6
Dry bulk 4.0 6.0 8.3 11.1
Liquid bulk 6.6 9.1 11.9 15.3

Breakbulk

 
Source: the MP survey 

 
B. Demand Forecast of Cargo between Bujumbura and Kigoma of Tanzania 

The cargo volume between Bujumbura port and Kigoma port in Tanzania is estimated to be 
164,100 ton in 2020, and 361,100 ton in 2030 taking into consideration the introduction of a 
dedicated container block train and the forecast of the Tanzania Ports Authority (TPA). The 
demand forecast of the container cargo based on TPA’s estimation is shown in the following 
table. 
 

Table 2.7 Demand Forecast of Container Cargo of Kigoma – Bujumbura 
2015 2020 2025 2030

Imports 1000 tons 70.8 145.5 222.0 323.0
TEUs 5,745 11,807 18,015 26,211
Boxes 4,214 8,661 13,214 19,226
20 footer 2,667 5,482 8,364 12,170
40 footer 1,547 3,179 4,850 7,056

Exports 1000 tons 9.2 18.6 26.6 38.1
TEUs 620 1,253 1,792 2,567
Boxes 586 1,185 1,694 2,427
20 footer 553 1,119 1,599 2,291
40 footer 33 66 95 136

Empties TEUs 5,125 10,554 16,223 23,644
Boxes 3,628 7,476 11,520 16,799
20 footer 2,114 4,363 6,765 9,879
40 footer 1,514 3,113 4,755 6,920
1000 tons 80.0 164.1 248.6 361.1
TEUs 11,490 23,614 36,030 52,422
Boxes 8,428 17,322 26,428 38,452
20 footer 5,334 10,964 16,728 24,340
40 footer 3,094 6,358 9,700 14,112
TEUs 31 65 99 144
Boxes 23 47 72 105
20 footer 15 30 46 67
40 footer 8 17 27 39

Year

Throughput/
Year

Throughput/
Day

 
Source: the MP survey 

 
During this preparatory survey, it was found that TPA is proceeding with the cargo terminal 
development plan at Kigoma port. For instance, in relation to the consulting service for the 
renovation plan of the port, including container terminal development, TPA called for an 
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EOI in August 2012; its RFP is under preparation at this moment. Furthermore, TPA also 
called for an EOI in June 2013 for the feasibility study for the operation of a block train. 
 
However, it is estimated that the container terminal of this grant aid project will be 
completed in July 2016. Correspondingly, TPA’s operation of the container block train 
should be started upon project completion. Therefore, it is assumed that lake transportation 
of containers between Kigoma and Bujumbura will start around July 2016, and accordingly, 
the target year of the demand forecast prepared during the MP survey will be extended 1.5 
years. Based on this demand forecast, the container handling volume of each year is 
calculated in the following table. 
 

Table 2.8 Demand Forecast of Container Cargo of Kigoma – Bujumbura 
2016 2020 2025 2030

Imports 1000 tons 35.4 126.3 195.2 288.6
TEUs 2,873 10,249 15,840 23,420
Boxes 2,107 7,518 11,619 17,179
20 footer 1,334 4,759 7,355 10,874
40 footer 773 2,759 4,264 6,305

Exports 1000 tons 4.6 16.8 24.0 34.4
TEUs 310 1,128 1,617 2,317
Boxes 293 1,067 1,529 2,191
20 footer 277 1,007 1,443 2,068
40 footer 16 60 86 123

Empties TEUs 2,563 9,121 14,223 21,103
Boxes 1,814 6,451 10,090 14,988
20 footer 1,057 3,752 5,912 8,806
40 footer 757 2,699 4,178 6,182
1000 tons 40.0 143.1 219.2 323.0
TEUs 5,746 20,498 31,680 46,840
Boxes 4,214 15,036 23,238 34,358
20 footer 2,668 9,518 14,710 21,748
40 footer 1,546 5,518 8,528 12,610
TEUs 16 56 87 128
Boxes 12 41 64 94
20 footer 7 26 40 60
40 footer 4 15 23 35

Throughput/
Day

Year

Throughput/
Year

 
 
The demand forecast of the MP survey missed the volume of liquid bulk transported from 
Kigoma port to Bujumbura port. As the MP survey estimated the liquid bulk from Kigoma 
port to be 5,700 ton in 2020, and 12,600 ton in 2030, the handling volumes of liquid bulk at 
Bujumbura port in 2015 and 2025 are increased by the figures shown in the table below. 
 

Table 2.9 Liquid Bulk Handling Volume from Kigoma Port 

Unit : 1000 t
2015 2020 2025 2030

Liquid bulk 2.3 5.7 9.2 12.6  
 
C. Cargo Demand of Bujumbura Port and Container Terminal Development 

The estimations of the cargo volumes of Bujumbura port from/to Mpulungu port in Zambia 
and those from/to Kigoma port in Tanzania are combined in the following table. 
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Table 2.10 Forecast of Cargo Volume of Bujumbura Port 
Unit: 1,000 ton 

2015 2020 2025 2030

Container From/to Mpulungu 0.0 72.4 96.1 124.6
From/to Kigoma 0.0 143.1 219.2 323.0

Sub-total 0.0 215.5 315.3 447.6

Breakbulk From Mpulungu 92.0 59.8 82.2 109.2
Dry bulk Ditto 4.0 6.0 8.3 11.1

Liquid bulk From Mpulungu 6.6 9.1 11.9 15.3
Form Kigoma 2.3 5.7 9.2 12.6

8.9 14.8 21.1 27.9

Total 104.9 296.1 426.8 595.8
 

 
The container cargo shown in the above table is converted to TEU as follows. 
 

Table 2.11 Container Throughput of Bujumbura Port 
Year 2016 2020 2025 2030

From/to Kigoma Port (1000 ton) 40 143 219 323
Throughput (TEU) 5,746 20,498 31,680 46,840
Throughput (Boxes) 4,214 15,036 23,238 34,358

From/to Mpulungu Port (1000 ton) 0 72 96 125

Throughput (TEU) 0 9,325 12,398 16,081

Throughput (Boxes) 0 8,500 11,310 14,684

Total Throughput in TEU 5,746 29,823 44,078 62,921

Total Throughput in Box 4,214 23,536 34,548 49,042  
 

Table 2.12 Container Throughput per day of Bujumbura Port 
Year 2016 2020 2025 2030

From/to Kigoma (TEU/day) 16 56 87 128
From/to Mpulungu (TEU/day) 0 26 34 44  

 
Based on the assumption made in the MP survey that container vessels with a capacity of 60 
TEU are in service and 120 TEU can be handled per one ship for loading and discharging, 
the service frequency of container ships is calculated. Next, the required number of berths is 
obtained to make it possible for container vessels to operate on a weekly basis. The results 
are shown in Table 2.13. It is to be noted that the LOA is assumed to be 60 m and the berth 
length 80 m, including a 10 m margin for the ship to move back and forth. 
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Table 2.13 Number and Length of Container Berths of Bujumbura Port 

From/to From/to From/to From/to From/to From/to From/to From/to
Kigoma Mpulungu Kigoma Mpulungu Kigoma Mpulungu Kigoma Mpulungu

Container (TEU/year) 5,746 0 20,498 9,325 31,680 12,398 46,840 16,081
Container (TEU/day) 16 0 57 26 87 34 129 45
Call of a container ship every 8days every 2days every 5days every 1day every 4days every 1day every 3days
Required berths (Nos)
Berth length (m) 80 80 160 160

2016 2020 2025 2030

1 1 2 2

 
Accordingly, the quay wall of the container terminal is determined to be 160 m long in total. 
 
Container handling is supposed to be done by mobile cranes and reach stackers. The 
stacking space (6 containers in one row) is arranged perpendicular to the quay face line. The 
working space is 30 m for the cargo handling equipment (reach stacker and tractor/chassis). 
The stacked containers are expected to be approximately 4 times the handling volume per day 
based on the assumption that import/export containers can be stacked free of charge for 7 days, 
referring to the example in Tanzanian ports including Kigoma port. 3-tier stacking can be done 
by reach stacker. Thus, the required ground slots are calculated as follows. 
 

Table 2.14 Required Ground Slots of Container Terminal 

per year per day
2015 5,746 16 128 43
2020 29,823 82 656 219
2025 44,078 121 968 323
2030 62,921 173 1,384 462

Containers to be
stored (TEU)

Required
Ground Slot

Container Throughput (TEU)
Year

 
 
The above table shows that around 350 ground slots are appropriate for the target year 2025, 
and an additional container stacking yard will be necessary outside of the terminal after 
2025. In this case, the outside area could be used as a stacking yard for empty containers. 

 
The vessels registered in Burundi are shown Table 2.15. 
 
There are 22 Burundian vessels in total - 5 tugboats, 6 self-propelled cargo vessels, 8 bulk cargo 
barges, 2 tank barges, 1 tourism/research ship - excuding 2 wrecked vessels (W is noted for the 
state in the list). These vessels, including the suspended ones (S is noted for the state), would 
start services when the ship repair facility is completed. 
 
According to the demand forecast of the container trans-shipment, the container cargo will be 
20,498 TEU between Kigoma port and Bujumbura port in 2020. In consideration of the fact that 
the number of inbound and outbound containers is almost the same, the size of the container 
ships is assumed to be 60 TEU and the round trip, including loading and discharging, is believed 
to take 2 days; which means one additional container ship will be required in 2020. Likewise, 
the container cargo be 46,840 TEU between Kigoma port and Bujumbura port in 2030 and three 
container ships of the same size will be added to the existing fleet. Meanwhile, the container 
cargo is estimated to be 16,081 TEU between Mpulungu port and Bujumbura port in 2030. 
Based on similar assumptions, except for the 4 day round trip, two container ships will be in 
service between these two ports. The results are shown in Table 2.16. 
  



Preparatory Survey for the Project for the Improvement of the Port of Bujumbura  
in the Republic of Burundi Final Report 

 

2-12 

P
rep

a
ra

to
ry S

u
rvey fo

r th
e P

ro
ject fo

r th
e Im

p
ro

vem
en

t o
f th

e P
o

rt o
f B

u
ju

m
b

u
ra

 in
 th

e
 R

ep
u

b
lic o

f B
u

ru
n

d
i 

 
F

in
a
l R

ep
o
rt 

  

Table 2.15 List of Burundian Vessels 

Name of Vessel Type of Vessel
Length

Overall (m)
Width (m)

Dead Weight
(ton)

Draft in
Charge (m)

State
In-service
Date (year)

1 ARNOLAC Kizigenza Tug Line 33.50 7.58 66 3.25 G.E 1955
Tanganyika Tug Line 31.20 5.18 37 1.58 G.E 1889
Krimiro Tug Line 23.50 4.55 25 - S 1915
Moso Harbour Tug in Kigoma 12.25 3.00 9 - G.E 1958
Ruremesha Mixed Cargo Ship 41.25 9.00 350 2.25 G.E 1981
Ndaje Mixed Cargo Ship 54.75 8.70 600 3.20 G 2002
Cohoha Tank Barge 42.35 7.00 336 2.71 G.E 1955
Rweru Tank Barge 32.71 5.58 115 1.64 G.E 1953
Sagamba Bulk Cargo Barge 65.70 10.00 1,397 3.77 S 1955
Murinzi Bulk Cargo Barge 59.60 9.02 885 3.26 G.E 1931
Buragane Bulk Cargo Barge 54.50 8.50 627 2.61 S 1937
Mumirwa Bulk Cargo Barge 52.77 8.82 544 2.75 G.E 1955
Buyenzi Bulk Cargo Barge 52.77 8.82 538 2.75 S 1955
Remera Bulk Cargo Barge 47.25 8.00 477 2.36 S 1927
Buyogoma Bulk Cargo Barge 36.50 6.00 278 2.17 S 1918
Imbo Bulk Cargo Barge 37.77 6.50 246 2.08 S 1929
Baraka Bulk Cargo Barge 47.25 8.00 - - W 1925
Tanganyika Tourism and Research Vessel 25.30 6.86 125 - V.G 1994

2 BATRALAC Tora Bulk Cargo Ship 58.00 10.00 1,110 3.50 G 1988
Rwegura Bulk Cargo Ship 45.00 8.00 500 2.50 G.E 1984
Teza Mixed Cargo Ship 60.00 11.00 1,500 3.60 V.G 1992

3 SOTRALAC Bwiza Bulk Cargo Ship 54.70 8.00 508 2.75 W 1913

4
TANGANYIKA
TRANSPORT

Mbaza Bulk Cargo Ship 42.50 7.30 450 2.35 G.E 1988

5 E.P.B Ngiri Harbour Tug 15.75 4.30 - - G.E 1959
Notes: Mixed Cargo Ship  = Container and/or Bulk Cargo Ship

S = Suspended
V.G = Very Good
G = Good
G.E = Good Enough

Ship Owner

Source: BMPRA 
 

Table 2.16 Required Number of New Container Ships 

Year

From/To From/To From/To From/To

Kigoma Mpulungu Kigoma Mpulungu

Trouhgput per year (TEU) 20,498 0 46,840 16,081

Throughput per ship (TEU)

Once cycle (days) 2 4 2 4

Required container ships (Nos) 1 0 3 1

60

2020 2030

Route

 
 
Therefore, it is estimated that the total number of the Burundian vessels, which can be in service, 
is 23 in 2020 and 26 in 2030. According to the Burundian law, these vessels must have yearly 
hull inspections. When the slipway is completed, these vessels will be pulled up onto the 
slipway and inspected. 
 
Repair works will be required every year for tourism/research ship and every 6 years for cargo 
vessels. So, it is estimated that ship repair work will be done for 5 vessels in total in 2020 and 6 
vessels in 2030. 
 
Thus, it is estimated that small scale repair works on the slipway will be done for 18 vessels and 
relatively large scale repair works will be done for 5 vessels in 2019. In 2030, small scale repair 
works will increase to 20 for vessels and 6 for relatively large scale repair works. 
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Table 2.17 Number of Ships to be repaired on Slipway 

2020 2030
Vessels registered in Burundi 23 26
Tourism/research ship 1 1
Cargo vessels/barges, tankers, tugs, container ships 22 25
Relatively large scale repair (every 6 years) 5 6
Relatively small scale repair (hull  inspection) 18 20  

 
2-2-1-5 Policy for Construction Works / Special Conditions on 
Procurement and Construction Business / Local Business Customs 
In terms of land acquisition related to project implementation, there is no special approval 
which needs to be obtained as the project site is owned by BMPRA and located within the port 
premises. As to the application for approval from the Environmental Ministry with regards to 
project implementation, BMPRA is undertaking necessary steps and as of now, there hasn’t 
been any particular problems. 
 
It should be mentioned that there are no standard methods related to the design of port facilities 
in Burundi; therefore, “TECHNICAL STANDARDS AND COMMENTARIES FOR PORT 
AND HARBOUR FACILITIES IN JAPAN” is used as this has been applied in other 
developing countries as an international technical standard. 
 
2-2-1-6 Policy for Employment of Local Contractors (Construction 
Company, Consultant, etc.) 
In general, there are only a few local companies which could be labeled as construction 
companies. Further, there are no large scale public projects procured by the Burundian 
government. Therefore, small scale projects or aid projects financed by donor countries are the 
main source of construction projects currently ongoing in Burundi. As a result of the 
preparatory survey, two companies have reached an acceptable technical level and have basic 
capacity of construction technologies. Although they could be labeled as a construction 
company they lack maritime construction experience. Therefore, Japanese engineers and skilled 
workers are required to train and supervise the local contractors. 
 
2-2-1-7 Policy for Operation and Maintenance 
The concessionaire, which has a certain level of technique and experience, should operate and 
manage the container terminal and the ship repair facilities after the implementation of this 
project. 
 
At present, operation and maintenance of the existing port are conducted by GPSB, which is 
planning to conduct the operation and maintenance of the container terminal constructed in this 
project. GPSB belongs to the company group which conducts operation and maintenance of 
large scale ports. Therefore, there should be no problem for the operation and maintenance of 
the container terminal. 
 
Regarding operation and maintenance of the ship repair facilities, BMPRA is planning to give 
the concession to the port concessionaire (GPSB) or a local private company. The former has 
some experience in the maintenance of the existing cargo handling equipment, and the latter has 
experience in repairing ships. Therefore, there should be no issues or problems for operation and 
maintenance of ship repair facilities. 
 
2-2-1-8 Policy for Grade Selection of Facilities and Equipment 
As the container terminal will handle marine containers which will pass through Dar es Salaam 
port, the planned apron and yard of the container terminal should have sufficient space for the 
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cargo handling equipment which can handle marine containers. The yard pavement should be 
designed to bear the reactions of these container handling units. 
The facility pulling vessels up & down should be equipped with a slipway which can pull up the 
longest Burundian vessel currently in use. Machines for ship repair should be a type commonly 
used to ensure easy maintenance matching at the local capacity level. Equipment that requires 
high technology maintenance such as computer control systems should be avoided. 
 
2-2-1-9 Policy for Construction/Procurement Method and Schedule 
This is a complex project which consists of civil works such as container terminal, slipway, and 
relocation of storm water canal and; building works such as the work shop, worker’s house and 
office; and procurement of machines such as equipment to pull vessels up & down and machine 
tools for the workshop. 
 
For civil works, the quay wall and revetment is made of steel sheet piles, which will be 
imported from Japan because they are only produced in advanced industrial countries. Other 
import materials, except cement and re-bars, will also be from Japan because the timing of 
procurement has to be ensured and if it is imported from neighboring countries, i.e. Tanzania or 
Kenya, the prices and availability are susceptible to large fluctuations due to current 
construction boom. 
For the other construction materials, re-bars will be purchased at the local level because there is 
an abundance importable from Zambia. Aggregates, sands, stones, and materials for earth 
fillings will be procured locally. 
As for cement, local material (design strength = 32.5N) will be used for the concrete structures 
which require relatively low strength such as mortar masonry of the storm water canal, and high 
quality material (design strength = 42.5N) imported from third party countries will be used for 
structures which require high strength. 
The rail track to be laid on the slipway, main body of cradle, and wheels will be procured and/or 
pre-assembled in Japan and assembled and/or installed on site. 
 
For building works, the structural members of the workshop should be shaped steel because it 
needs inner height and width. Because the quality and technique of local welders are 
unsatisfactory due to lack of experience, the structural steel members of the workshop will be 
fabricated in Japan, exported to Burundi, and assembled on site in order to reduce work on site 
as much as possible. The workers’ house and office will also be built in the same manner to 
achieve high work efficiency by reducing differing types of work. Roofing/ siding materials and 
building facilities will also be procured from Japan and transported to Burundi in a timely 
manner. 
 
Machines will be procured from Japan for the most part. Ship repairing machine tools, jib crane 
and rough terrain crane will be loaded at the port in Japan, landed at Dar es Salaam port and 
transported to Bujumbura by road. 
 
As for the construction schedule, it requires a considerably long period of time for the 
transportation of materials and equipment due to geographical conditions – notably the project 
site is located in the landlocked state within the African continent. In addition, at the project site 
the storm water canal flowing into the port has to be relocated before starting the construction of 
the quay wall of the container terminal and the protection wall of the ship repair facility. 
 
Therefore, civil works for the relocation of the storm water canal will start before the 
construction of the quay wall of the container terminal and the protection wall of the ship repair 
facility. It is not necessary to import equipment and materials for the relocation of the storm 
water canal, it can be executed by use of local construction equipment and materials. 
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For the construction schedule of the buildings, materials will be procured from Japan as 
mentioned above. Especially, steel fabrication works will be done in Japan in order to simplify 
the work on site and shorten the schedule. 
 
2-2-2 Basic Plan (Construction Plan/Equipment Plan) 
Based on the design policy, the following points are carefully considered for the basic plan. 
 
The top elevation of the container terminal quay wall is set higher than the highest lake water 
level ever recorded to cope with the changing Lake Tanganyika water level. 
The container terminal and the ship repair facility will be located as far inside the port basin as 
possible to steer clear of any waves entering into the port. 
The screen for collecting waste will be installed and cobbles will be laid on the bed of the storm 
water canal to in an effort to reduce the waste and polluted water from the city. 
Machine tools are selected from commonly used ones which require no high-tech maintenance 
to match the technical level of the locals. 
Skilled workers will be dispatched for the construction of the quay wall, protection wall, 
slipway, and the buildings for the ship repair facility to deal with the inadequate capacity of the 
local workers. Further, for the structures, methods which can shorten the construction period on 
site and consequently reduce the construction cost, are applied to these facilities and buildings. 
 
For operation and maintenance, the facilities are planned with the assumption that Burundi has 
sufficient capacity, except for the operation of the equipment used to pull vessels up & down on 
the slipway. Education and training will be conducted for the vessel pulling equipment by 
skilled workers from Japan. 
 
2-2-2-1 Overall Plan 
(1) Facility Layout 
The container terminal is located where there is no strong presence of waves entering into the 
port, i.e. on the opposite shore parallel to the existing general cargo berths. The distance 
between the existing and the new quay walls is 120 m in order to ease both ship maneuvering 
and the up & down vessel pulling on the slipway. The slipway is located deep in the port basin 
at the north end of the exiting No.1 Warehouse, where the presence of waves is minimal. 
 
The relocated storm water canal is extended to the shore of Lake Tanganyika along the 
perimeter fence located at the north end of the port premises in order to keep the stacking yard 
of the container terminal as wide as possible. The inner port road which leads to the existing 
container quay is between the relocated storm water canal and container terminal. The road is 
connected to the existing port entrance gate. The new storm water canal is also laid along the 
north perimeter of the port premises, which is owned by the port and located outside of the 
fence. 
 
The container terminal quay has an apron 30 m in width for discharging and loading. The 
container stacking yard is located behind the quay with light poles for security. The stacking 
yard is planned with the assumption that the containers will be handled by mobile cranes and 
reach stackers. The stacking space (6 containers in one row) is arranged perpendicular to the 
quay wall. The working space between the stacking spaces is 30 m from the cargo handling 
equipment. 
 
Regarding the ship repair facility, the slipway is planned alongside the existing No.1 Warehouse. 
The workshop is positioned parallel to the slipway and the entrance is located at both ends of 
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the building. The workers’ house is located near the workshop and the office is located beside 
the inner port road. 
 
Drainage is planned within the container terminal around the perimeter by the ship repair 
facility and along the inner port road. Rain water is discharged into the relocated storm water 
canal or the port basin. 
 
External power is supplied from the power distribution board eastside of the existing No.2 
Warehouse to the cubicle to be built adjacent to the winch house of the slipway via high voltage 
power cable. Power will be distributed from the transformer to the ship repair facility and 
container terminal.  
 
Water supply for the ship repair facility is from the existing feed-water pipe laid under the 
project site.  
 
(2) Structures 
Quay Wall of Container Terminal: 
The planned face line of the quay wall of the container terminal crosses the ground above the 
water level at present and the type of soil along the face line is sand mixed with gravel. 
Therefore, the fastest way of construction is to; (1) drive steel sheet piles on land, (2) make an 
anchor system for the steel sheet pile quay wall and (3) excavate in front of the steel sheet pile 
wall. Thus, as a Japanese contractor is employed for project execution, the steel sheet pile wall 
with an anchor system is the best structure for the container terminal quay wall, because 
shortening of the construction period directly leads to the reduction of the construction cost. In 
consideration of consecutiveness and speed of construction work, the anchors should be steel 
piles because the pile driver used to drive the steel sheet piles on land can be used to drive them. 
 
Slipway Protection Wall: 
The structure is also a steel sheet pile wall, same as the container terminal quay wall, in 
consideration of consecutiveness and speed of construction work. Steel sheet pile wall with the 
steel pile anchor is built extending toward the container terminal from the slipway, and the steel 
sheet pile cofferdam is built extending toward the existing general cargo berths from the 
slipway. 
 
Slipway: 
Slipway will be constructed in dry condition to ensure its quality, because the level of the tip of 
the slipway is at the same elevation with the bottom of the port basin. Therefore, the cofferdam 
technique will be applied to the construction. The heads of the foundation steel piles are 
connected to each other by reinforced concrete transversal and longitudinal girders, and the rails 
are to be installed on the longitudinal girders. Plain concrete slabs will be placed between the 
girders. 
 
Workshop, Workers’ House, Office: 
The workshop will be a steel structure to keep interior space as large as possible and minimize 
materials needed by reducing their weight, pursue economic efficiency by shortening the 
construction period, etc. In order to maintain the quality, the steel structural members will be 
fabricated and assembled provisionally in Japan, transported to Burundi and re-assembled on 
site. Then, interior finishing will take place. Therefore, roofing and siding materials will also be 
procured from Japan and transported to the site. In order to reduce work items on site as well, 
workers’ house and office will also be a steel structure, same as the workshop. 
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Pavement Works: 
Concrete pavement will be applied to the quay apron of the container terminal and the container 
stacking yard in consideration of its durability. For the vehicle marshalling yard in the container 
terminal and the inner port road, asphalt pavement, which is commonly used in Burundi, is 
used. 
 
(3) Design Standards 
Design of civil work facilities is in accordance with “TECHNICAL STANDARDS AND 
COMMENTARIES FOR PORT AND HARBOUR FACILITIES IN JAPAN (revised edition in 
2007, printed in 2009)”. For facilities in which this standard is not applicable, other proper 
standards of Japan are applied, accordingly.  
 
Design of the building and facilities are in accordance with “STANDARD SPECIFICATION 
for PUBLIC BUILDING CONSTRUCTION (Building Works, Electrical Works, Machines & 
Facilities Works) edited by the Public Building Department of Ministry of Land, Infrastructure, 
Transport and Tourism, published in 2013”. 
 
Electrical and mechanical design standards for building structures and facilities are in 
accordance with the Building Standards Act, the Enforcement Order of the Building Standards 
Act, and the Notification of Ministry of Land, Infrastructure, Transport and Tourism. 
Regarding other standards or specifications not mentioned above, the latest version of 
“JAPANESE ARCHITECTURAL STANDARD SPECIFICATIONS published by 
Architectural Institute of Japan” is referred. 
 
The priority of the specifications is as follows. 
1st: This Design Document 
2nd: Price Quotation 
3rd: Particular Specification 
4th : “STANDARD SPECIFICATION for PUBLIC BUILDING CONSTRUCTION (Building 
Works, Electrical Works, Machines & Facilities Works) edited by the Public Building 
Department of Ministry of Land, Infrastructure, Transport and Tourism, published in 2013” 
 
(4) Equipment Procurement  
Machines for the slipway and workshop will be procured from Japan in principle and the 
machines are selected from the commonly used types for easy maintenance in Burundi. 
 
2-2-2-2 General Facility Plan 
(1) Container Terminal 
Quay Wall 
The quay wall is designed according to “TECHNICAL STANDARDS AND 
COMMENTARIES FOR PORT AND HARBOUR FACILITIES IN JAPAN (revised edition in 
2007, printed in 2009)”. 
 
1. Dimensions of Container Berth 
The main dimensions of the maximum model ship in Lake Tanganyika are as follows. 

Length Over All (LOA): 65.7 m 
Length between Perpendiculars (LPP):  60.0 m 
Beam: 10.0 m 
Full loaded draft: 3.77 m 
Empty loaded draft: 1.17 m 
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The net weight of the target vessel “SAGAMBA” is 1,397 tons. This is very similar to the 
container vessel of 1,000 DWT (ton) (dead weight), which is envisaged to be in service in 
future. 
The berth length and water depth to accommodate a 1,000DWT cargo vessel are as follows. 

Berth Length to be required: 80 m 
Water Depth to be required:  - 4.5 m 

 
The scale of the facility shown below is planned according to the overall port plan. 

Number of Container Berth: 2 berth (Parallel Berth) 
Length of Container Berth: 80 m x 2 berth = 160 m 
Water Depth in front of Berth: - 4.5 m (LWL = under 773.0 m), EL = + 768.5 m 
Turning Basin water depth: - 4.5 m, EL + 768.5 m 
Width of Apron: 30 m 
Top elevation of Quay Wall: +777.5 m 
Slope/Back side height of Apron: 1%, 777.8 m 

 
The quay is a steel sheet pile wall. 
 
The steel sheet pile wall is designed with reference to “TECHNICAL STANDARDS AND 
COMMENTARIES FOR PORT AND HARBOUR FACILITIES IN JAPAN (revised edition in 
2007, printed in 2009)”. Related facilities such as sheet pile type mooring wharf (P981), pile 
foundation (P584), mooring post (P1172), fender (P1179), car stop (P1199) will also be referred 
to the page of the standard. 
 
2. Apron Pavement 
Pavement is designed according to “Apron (P1225)” of “TECHNICAL STANDARDS AND 
COMMENTARIES FOR PORT AND HARBOUR FACILITIES IN JAPAN (revised edition in 
2007, printed in 2009)”. Concrete Pavement is applied. 
 
[Design Condition] 
 Design period: 20 years 
 Loading condition 

Container Crane:  200 ton (Ground pressure: 120 kPa) 
Reach Stacker (equivalent to straddle carrier):  Ground pressure: 125 kPa 

 Road Bed Thickness 
Road bed thickness is decided to make the support coefficient 200N/m3. 
The thickness is varied according to the coefficient. However, most of the site planned for 
the apron is made on cut earth. For the filling part, the support coefficient can be improved 
around 100N/m3 by using high quality earth and sand. 

Upper Road Bed: Graded Soil, 20 cm thickness 
Lower Road Bed: Crusher Run, 20 cm thickness 

 Concrete Bed Thickness 
It is categorized as CP3 mentioned above, and the equivalent bed thickness is 30cm. 

Concrete Bed Thickness: 30 cm 
Concrete Bending Stress: 4.5 N/mm2 

 
Section between Quay Wall and Existing Structure 
This is the extension of the quay wall and is of the same structure as the quay wall of the 
container terminal. 

Revetment west side of berth Length: 5 m, connected existing Pier. 
Revetment east side of berth Length: 10 m, connected to the planned Ship Repair  
 Facility. 

 



Preparatory Survey for the Project for the Improvement of the Port of Bujumbura  
in the Republic of Burundi Final Report 

 

2-19 

P
rep

a
ra

to
ry S

u
rvey fo

r th
e P

ro
ject fo

r th
e Im

p
ro

vem
en

t o
f th

e P
o

rt o
f B

u
ju

m
b

u
ra

 in
 th

e
 R

ep
u

b
lic o

f B
u

ru
n

d
i 

 
F

in
a
l R

ep
o
rt 

  

Container Stacking Yard 
Container stacking yard is the area between the apron and the inner port road. 5 container 
ground slot groups of 360 ground slots in total are prepared in the container stacking yard. 
1080TEU container can be stacked in the yard, when stacked in 3 tiers. 

Container Yard overall area: 37,460 m2 
Marshaling area:  32,760 m2 

Concrete Pavement:  6,010 m2 
Asphalt Pavement:  26,750 m2 

Backup area:  1,900 m2 (Asphalt Pavement) 
Green area:  550 m2 
Existing Building area:  2,250 m2 

 
The ground slot area is paved with concrete similar to the pavement for the apron. Marshaling 
area and back up area are paved with asphalt similar to the pavement of the inner port road. 
 
The ground slope of the stacking yard is 0.6%, preventing rain water from gathering, in 
consideration of balance between cut and fill of the earth. The elevation of the line, which is 
parallel to and 50 m away from the apron, is set as +778.1 m, and toward the inner port road the 
slope is designed to be 0.6% to meet its design elevation. 
 
The rain water drainage has 3 rows of ditches crossing the container stacking yard, the first one 
is along the boundary between the container terminal and ship repair facility, the second one 
along the edge of the concrete apron including its extension eastward, and the third one along 
the container yard road. The inverted elevation of the ditches should be adjusted to ensure a 
proper slope to the discharge of the design precipitation. Grating covers are provided for the 
ditches where vehicles will move e.g. along the edge of the apron and road crossing. 
 
Light poles will be erected in the container terminal for safety and security. The illumination 
intensity is designed only for security purpose. The alignment of power cable conduits is to 
enable additional lighting in the future when night operation is required. For the project, three 
light poles are arranged 150 m away from each other to keep 20 lx at the midpoint of each pole.  
 
Inner Port Road 
Inner port road has two types, Road to Container Terminal and Access Road to Jetty. 
 Road to Container Terminal 

Length:  643 m 
Right of Way (20 m width):  1,286 m2 

Asphalt Pavement width: 12 m in total 
Yard side:  5 m (1 lane) 
Outside of the yard:  7 m (2 lanes) 

Overlay:  2,000 m2 (Access part: 10 m, Width: 200 m) 
 
 Access Road to Jetty 

Length:  90 m 
Right of Way (20 m width):  900 m2 

Asphalt Pavement width: 10 m in total 
Yard side:  5 m (1 lane) 
Outside of the yard:  5 m (1 lane) 

 
The road is paved with asphalt concrete. 
The inner port road, which is mainly used as an access to the container terminal, is paved with 
asphalt. The standard to be applied is “TECHNICAL STANDARDS AND COMMENTARIES 
FOR PORT AND HARBOUR FACILITIES IN JAPAN (revised edition in 2007, printed in 
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2009)”. The loading condition is AP3, same as the one applied for the quay apron. 
 
 
[Pavement components of asphalt pavement] 
Under the loading condition of AP3 and CBR of the subgrade less than 20, the asphalt pavement 
is designed as follows: 

Dense-graded asphalt concrete (surface course): 50 mm 
Coarse-graded asphalt concrete (base course): 150 mm 
Graded grain materials (upper roadbed): 150 mm 
Crusher-run (lower roadbed)   150 mm 

 
Dredging of port basin 
EL+769 m Dredging Maintenance dredging for existing general cargo berth 
 (20 m width in front) 
 Dredging area 20 m x 200 m = 4,000 m2 
EL+768.5 m Dredging Dredging for the container berth (20m width in front) 
 Dredging area 20 m x 175 m= 3,500 m2 
EL+768.5 m Dredging Dredging of center of the port basin 
 Dredging area 8,100 m2  
 
The dredging volume in front of the existing general cargo berth will increase as it goes deeper 
into the port basin. Dredging deeper than EL +769m in front of the general cargo berths is 
impossible, as the elevation of the rubble mound, on which the cast-in-situ concrete quay wall   
was constructed, is EL +769m. Therefore, the dredging depth in front of the general cargo berth 
is set as - 4 m (4 m below LWL = + 773.0m). 
 
The maximum draft of the existing Burundian vessels is 3.77 m (set by SAGAMBA, a barge 
owned by Aronolac), and the draft of 60 TEU container vessels expected to be in service is 
considered to be around 3.6 m. Therefore, the water depth in front of the container berth is 
determined to be - 4.5 m including “under keel clearance.” Accordingly, the depth of the central 
part of the port basin, where vessels turn when they are berthing and/or de-berthing, is also - 4.5 
m. 
 
Dredging work will be performed by environment-conscious methods, same as in Japan in 
principle. The dredging work will be carried out in the water area enclosed with proper canvas 
curtain or similar method so that possible water pollution from the construction site can be 
prevented. 
 
For the selection of a dredger, the cutter suction dredger owned by a private company and 
anchored in the port basin will not be used for this project because this type of dredger will 
discharge the dredged soil together with a considerable volume of water through the pipeline 
and would require expensive works to prevent the dredged materials from returning to the port 
basin together with the discharged water. Pollution prevention will also be costly. 
 
As a backhoe dredger or grab dredger is not available in Lake Tanganyika, a clamshell or 
long-arm backhoe which will be mounted on a flat barge is considered as the optimal tool for 
dredging to minimize the cost and water pollution. Where the ground is above water level (3500 
m2 - 4000 m2) and where it is underwater but reachable by the machines from the ground, 
excavation or dredging will be done by construction machines on land. The excavated soil will 
be used as filling material. 
 
For maintenance dredging in front of the existing general cargo berths, dredged materials will 
be discharged by the grab dredger onto dump trucks parked on the pier. 
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Dredged soil existing underwater in front of the container terminal quay will be excavated and 
moved to the area where excavation can be carried out by use of an excavator working on the 
ground above water. Excavated materials will be discharged onto dump trucks directly. 
 
In front of the existing general cargo berths, the lake bed elevation is fixed to be +769 m, same 
level as the  top of the rubble mound under the quay wall. The lake bed elevation in front of 
the quay wall of the container terminal on the opposite shore is determined to be +768.5 m. 
Dredging is not necessary at the central part of the port basin, as the lake bed elevation there is 
lower than +768.5 m. 
 
As per the design, low water level in the port basin is +773 m and the full loaded draft of the 
maximum existing vessel SAGANBA is 3.77 m; the required water depth is 4.5 m. As the storm 
water canal will be relocated from the port basin, little maintenance dredging will be required in 
the future. 
 
(2) Ship Repair Facility 
Slipway 
The ramp will be designed according to “TECHNICAL STANDARDS AND 
COMMENTARIES FOR PORT AND HARBOUR FACILITIES IN JAPAN (revised edition in 
2007, printed in 2009).” The slope is recommended to be within the range of 1:6 - 1:12 
according to the technical standards above. In consideration of the easy pulling up of ships and 
better workability on the slipway, the slope is to be determined. 
 
General cross section of the slipway is shown in the figure below.  
 

 
Figure 2.2 General Cross Section of a Slipway 

 
[Outline of the Planned Facility] 

Target Vessel (SAGAMBA) LOA: 65.7 m 
 Empty loaded draft: 1.17 m 
Area of ramp 20 m x 132 m = 2,640 m2 
Length of ramp 132.0 m 
Width of ramp 20.0 m 
Inclination of ramp 1：10 (5.7 degrees) 
Height of lower end of ramp EL+768.4 m 
Height of upper end of ramp EL+780.9 m 
Design ground elevation EL+777.5 m 

 
Design of Facilities 
All the civil facilities of the slipway is designed according to the section of ship lifting yard, 
piling foundation, reinforcement concrete, etc. of “TECHNICAL STANDARDS AND 

Front Water Bed 

Ramp 

Concrete Pavement 

Basement 

Ship Yard 
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Intermediate 
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COMMENTARIES FOR PORT AND HARBOUR FACILITIES IN JAPAN (revised edition in 
2007, printed in 2009)” 
 
1. Design Water Level 

High Water Level: HWL+775.6 m 
Low Water Level:  LWL+773.0 m 
Mean Water Level:  MWL+774.3 m 
Annual change (Rainy and dry seasons):  0.8m in average 

 
2. Condition for Pulling up 

Draft of target vessel (empty load):  1.17 m 
Length to be required 
(Length of cradle):  45 m  
Required length above water 
in normal condition and for repairing :  60 - 66 m 
  (LOA, LPP) 
Height of equipment 
(rail + height of cradle): 1.1 m 

 
The elevations of the ramp both at the landing edge and the upper end are determined with the 
above conditions taken into account. The gauge of the outer rails on the ramp is set as 6 m to 
ensure stability, as it should be more than 1/3 of the vessel beam - SANGARA’s beam is 10.00 
m - according to the technical standards. 
 
Cradle   

Height of equipment 1.10 m 
Number of cradles 4 sets 
Dimension of cradle 6.35 m x 5 m 
Length when fully expanded 45 m 
Length when positioned deepest 30 m 
Number of wheels 32 
Row of wheels 4 (8 wheels for each row) 
Interval of wheels 2.0 m (width overall: 6.0 m) 

 
Condition of External Force 

Target Vessel LOA 65.7 m 
 Draft in case of landing 1.17 m 
 Weight in case of landing 1,100 ton 

 
Condition of Loading 

HWL  +775.6 m 
LWL  +773.0 m 
Wheel Load  Axial load 6.95 ton 
 Horizontal load 1.05 ton 
Earthquake Design earthquake intensity 0.08 

 
3. Piling Foundation 
The soil bearing capacity is sufficient as the sandy soil with N-value of 30 - 50 exists above EL 
+ 760 m, where penetration of piles is to be stopped. 
 
H-shaped steel pile is the most suitable foundation for the geotechnical conditions encountered 
at this site. Required interval is calculated preliminarily for the three types of the H-shaped steel 
piles, i.e. 300H, 400H, and 500H. As a result, the H-shaped steel 400H (400 x 400 x 13 x 21) 
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driven at a 6 meter interval is applied as foundation due to the economic conditions. 
 
4. Girders 
The girders of the ramp have a rectangular cross section of reinforced concrete. The longitudinal 
girders have a rectangular section of 0.8 m width and 1.0 m height, with joints located at an 
interval of 15 m. Three H-shaped steel piles at a 6 m interval will be placed to support the 15 m 
long girder. 
The transversal girders, which will be placed connecting the pile heads, have a rectangular 
section of 0.5 m width and 0.5 m height. 
 
5. Concrete Slab 
The surface of the base of the ramp is covered by cast-in-situ concrete filling the gap between 
the girders. Plain concrete will be casted with the thickness of 20 cm on the crushed stone of 
30cm thickness. 
 
Ship Repair Yard 
Ship repair yard area (excluding slipway)  4,200 m2 
Rails on slipway 4 tracks (132 m) 
Cradles 4 sets, total connected length: 30 - 45 m 
Jib crane at slipway 1 set, 20 mR, 3 ton 
Workshop 1 building, 10m x 30 m 
Office 1 building, 8 m x 12 m 
Worker’s House 1 building, 8 m x 12 m 
 
The Ship Repair Facility is designed to be capable of pulling up and repairing ships having 
maximum dimensions on Lake Tanganyika. Dimensions of TEZA (owned by BATRALAC) are 
LOA=59m, B=12m, D=4.5 m, d=3.5 m, DWT=1,500 ton, weight without cargo=800 ton and 
those of SAGAMBA (owned by Arnolac) are LOA=65.7m, B=10m, d=3.77m, DWT=1,397ton, 
weight without cargo=694 ton. 
 
As the repair works of engines and vessel body are carried out by the existing local companies, 
repair works to be done at this ship repair facility consist of the pulling up of vessels, hull 
washing (water jet type), and removing and re-installing parts/members in and out of vessels. 
The necessary facilities are the workshop and working place, welding machines, high-pressure 
washing machine, air compressor, painting spray tools and supply of water, electricity, 
acetylene, oxygen, etc. This is summarized in the following table. 
 

Table 2.18 Ship Repair Facility 

No. Required Facilities Specifications Objectives/Locations 

1 Slipway  Length 
 
 Rail 
 Maximum 

pulling capacity 

132 m (70 m in water, 62 m 
on land) 
4 tracks, 6 m outer gauge 
1000 ton 

Pulling the maximum model ships, 
TEZA and SAGAMBA, up & 
down 

2 Facility 
with 
Slipway 

 Cradle 
 
 
 Main winch 
 Sub winch 
 Capstan         

B6 .35m x L5 m x D0.8 m 
(4 sets) 
 
Capacity: 45 kW, 17 ton 
Capacity: 7.5 kW, 3 ton 
Capacity: 2.2 kW, 1 ton 

Ship bottom is 1.1 m above ramp 
(wood block is 0.3 m height) 
For pulling up of cradle For 
pulling ship/empty cradle 
For stabilizing ship 
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No. Required Facilities Specifications Objectives/Locations 

3 Equipment 
on Slipway 

 High-pressure 
washing 
machine 

 Air Compressor 
 
 Bottle sets of 

acetylene gas & 
oxygen 

 Distribution 
board & 
Electric socket 

 
 
 
Fixed pipes are laid in ramp 
Fixed pipes are laid in ramp 
 
220 V&380V 

For washing outer body of the ship  
 
Power source of tools using 
compressed air 
Power source of fusing machine 
 
Power source of welding machine, 
electric tools, lighting poles, etc. 

4 Workshop Building B10m x L30m x D10m 
Under crane: 8 m 

6m square steel plate can be 
turned. 

Overhead Crane 5 ton x 2 sets Enable to pull up or turn by two 
cranes 

Work area, 
Walkway, 
Entrance for 
material,  
Storage for 
machines/tools/co
nsumables 

Center walkway: 1.5 m 
width 
Entrance for material: B5 m 
x H5 m 

Facilities required for  overhaul 
work of engine, machining, pipe 
fabrication, steel fitting & welding, 
electric work, wood work, etc. 

5 Facilities in 
Workshop 

Screw Air 
Compressor 

Amount of Discharge Air: 
6.5 m3 /min 
Discharge Air Pressure: 
0.7Mpa  
Motor Capacity: 37 kw 

Distributing compressed air to 
workshop and slipway 

6 Facilities in 
Workshop 

Portable 
Generator 

Continuous Service 
Output : 125KVA 

Supplying electricity to slipway to 
pull up or launch ship during 
power failure from outside. 
(Also supplying electricity to other 
facilities when needed.) 

7 Facilities 
for 
Transportat
ion  

Crane in slipway Post type jib crane 
20 mR x 3 ton x 25 m 
under hook 

5 ton lifting capacity at center of 
vessel 

Rough-terrain 
Crane 

30 ton, 3 mR Replacement work of steel plates 
of the vessel’s body occasionally 
together with Jib crane. For lifting 
works out of reach of the jib crane 
For cradles setting 

8 Office 8 m x 12 m 1F East end of ship repair facility area 
9 Worker’s House 8 m x 12 m 1F Between workshop and office 
10 Winch Room D7 m x B10 m x H4 m Head of land part of Slipway 
11 Cubicle  3φ 6.6KV / 210V 

500KVA 
Around head of land part of Ramp 
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Photo 2.1 Site for Ship Repair Facility Photo 2.2 Maximum model ship 

SAGAMBA 

 
 

 
 
 

Protection Wall and Retaining Wall 
The protection/retaining walls of the slipway are categorized into three structure types. 

 
Figure 2.3 Types of Protection/Retaining Walls of Slipway 

 
a) Steel Sheet Pile Protection Wall 
The typical section is the same as that of the quay wall of the container terminal. 
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grade
 
  770.7 m at No.30 

770.7 + 4.2 = 774.9 m at No.72 

775.6 - 774.9 = 0.7 m inundation for HWL 

Landing part Height: 770.7 - 3 = 767.7 m (30 cm lower than basin level) 

End point Height: 774.9 + 6 = 780.9 m 
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Figure 2.4 Steel Sheet Pile Protection Wall 

 
b) Concrete Protection Wall 
This type of structure is applied to the side wall of the slipway lower than the ground level (GL 
+ 777.5 m). 
 

 
Figure 2.5 Concrete Protection Wall 

 
c) Concrete Retaining Wall 
This type of structure is applied to retain the embankment of the slipway higher than the ground 
level (GL + 777.5 m). 
 

 
Figure 2.6 Concrete Retaining Wall 

 
Ship Repair Facility GL 

 

Winch Level 
Concrete Pavement 
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Ramp GL 
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The steel sheet pile wall and concrete wall are designed referring to “TECHNICAL 
STANDARDS AND COMMENTARIES FOR PORT AND HARBOUR FACILITIES IN 
JAPAN (revised edition in 2007, printed in 2009)”.  
For the retaining wall, the manual “CIVIL WORKS FOR ROAD - Retaining Wall” or “CIVIL 
WORKS FOR ROAD - Outline for Road” published by Japan Road Association is referred. 
 
Crown height of protection wall EL+777.5m 
Crown height of concrete retaining wall EL+777.5m - EL+780.9 m 
Face of protection wall 45m (north side: 30 m, south side: 15 m) 
Side wall of the slipway 

Steel sheet pile protection wall 70 m x 2 = 140 m 
Concrete projection wall 34.5 m x 2 = 69 m 
Concrete retaining wall (incl. winch base)  89 m 

Steel sheet pile anchor wall (cofferdam) 30 m 
 
(3) Relocation of Storm Water Canal 
1. Consideration for Planning and Design 
Relocation of the storm water canal was planned along the north end of the port premises. The 
longitudinal survey along the relocation centerline was conducted in the dry season (August 
2013). The shoreline of the lake is 1,200 m from the connection point with the currently existing 
storm water canal in Bujumbura city. As the ground elevation on the shoreline is EL+774.6m 
and slightly higher than the MWL, revetment is required to protect the storm water canal from 
the currents and waves of the lake. If the storm water canal is extended further toward the lake, 
accretion or erosion of the shoreline is likely to take place - the extension will work like a 
groyne. The gradient of the invert elevation of the storm water canal is designed to be 0.2 % and 
the water is estimated to be 1.4 m deep when the design discharge flows through the canal. 
Manning formula is applied to determine the dimensions of the cross section. 
 
2. Open Canal 

Right of way: 10 m 
Section of open canal: Bottom width: 3 m, height: 2 m,  
 crown height width: 5 m, section area: 8 m2 
Length: 1,200 m + 50 m  
Design discharge: 11.55 m3 
Invert elevation at connection point: EL + 777.0 m 
Invert elevation at shoreline EL + 774.6 m (= HWL) 
Gradient: 0.2 % 

 
3. Screen to collect floating rubbish 

Location: Around at the connection point with city canal 
 
The width of the canal bed is designed at 3 m. For the section where the screen is installed, the 
width is 6 m because the flow speed will be reduced by the collected waste. 
 
4. Measures for clean discharge to the lake 
The bed of the storm water canal is designed to be covered with cobbles in order to distil the 
polluted water which is discharged from the city as much as possible. In case of flooding, the 
flow speed will reach nearly 3m/sec. Concrete beds should be placed every 5 m to prevent the 
cobbles from flowing away. 
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Buenzi Canal flows into Lake Tanganyika through the port basin. Not only rain water but also 
wastewater of the city flows into this canal. This is one of the reasons why maintenance 
dredging was required for the port basin, where soils and waste are deposited. In addition, this 
canal exists in the area where the ship repair facility is planned. For these reasons, the storm 
water canal has to be relocated. It’s to be noted that, as the storm water canal cannot be blocked, 
the relocated one has to be completed in the early stage of this project before starting works for 
the container terminal or the ship repair facility. 
 
The relocated drainage, which flows polluted water and rainwater from outside of the port, is 
planned along the perimeter of the port premises, not interfering with the future development of 
the Bujumbura port. 
 
Further, the existing ground level is lower than the project ground level by around 300 - 500 m 
near shoreline of Lake Tanganyika. Therefore, earth fill is necessary in this area to maintain the 
designed dimensions of the cross section of the storm water canal.  
 
The cross sections and slope of the storm water canal are designed to discharge rain water from 
the city. However, a small amount of wastewater or waste will accumulate in the canal. 
Therefore, measures to prevent polluted water or waste from excessively flowing into the lake 
are taken into account in the concept design. 
 
In the MP survey report, the relocated storm water canal was preliminarily designed as an open 
channel with concrete on both sides and along the bottom. However, in order to mitigate 
pollution of the lake water, the structure of the storm water canal is designed to have some 
filtering functions - the bed should be covered by cobbled stone (10 - 50 kg) and rectangular 
concrete dividers are to be placed every 5 m to prevent cobbles from being washed away.  
 
The dimensions of the cross section of the relocated storm water canal are decided in 
consideration of the incoming discharge at the inlet, the length and the slope between inlet and 
outlet on the shoreline of Lake Tanganyika. The length is determined by a longitudinal line 
survey along the planned centerline of the relocated storm water canal. 
 
The relocated storm water canal will be constructed alongside the perimeter of the port premises. 
There is a strip of land (the land belongs to BMPRA) between the fence of the neighboring tank 
yard and the fence of the port. The fence of the tank yard is the limit of the port premises. As the 
route of the relocated canal is planned along the port premises, the fence of the port has to be 
moved to the east where the storm water canal enters the port premises.. Further, the storm 
water canal will cross the fuel pipelines at one point. Therefore, careful attention will be paid in 
the detailed design. 
 
The relocated storm water canal is designed according to the manual “CIVIL WORKS FOR 
ROAD - Guide for Drainage Work, 1994, published by Japan Road Association”, “CIVIL 
WORKS FOR ROAD - Guide for Retaining Wall Work, 2012, published by Japan Road 
Association”, and “CIVIL WORKS FOR ROAD - Guide for Culvert Work, 2010, published by 
Japan Road Association”. 
 
Wet masonry retaining walls with rubbles or cobbles are common in Burundi. It is therefore, 
concluded that local contractors can construct the storm water canal having the side walls made 
of wet masonry and the invert bed made of dry masonry with cobbles. 
 
2-2-3 Outline Design Drawing 
Outline Design Drawings are shown in Figure 2.7 to Figure 2.14. 
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2-29 

 
Figure 2.7 General Plan of Project site 
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Figure 2.8 Quay of Container terminal 
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Figure 2.9 Inner port Road 
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Figure 2.10 Slipway 
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Figure 2.11 Erection drawing of cradle 
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Figure 2.12 Relocated storm water canal 
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Figure 2.13 General Design of workshop 
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Worker’s House 

 
 

Office 

 
 

Figure 2.14 General Design of worker’s house and office 
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  2-2-4 Implementation Plan 
2-2-4-1 Implementation Policy 
(1) Container Terminal (including Inner Port Road and Dredging) 
The Container Terminal consists of a steel sheet pile quay wall, apron paved with concrete, 
marshalling yard paved with asphalt, container stacking yard paved with concrete, port basin 
dredging, inner port road paved with asphalt, etc. 
 
Local construction companies have some experience of asphalt pavement of the inner port road 
and concrete works of the coping beam of the quay wall, to mention a few. It is concluded that 
the local companies can implement these construction works. But other works, like steel sheet 
pile wall, apron pavement, port basin dredging, etc. are works which have not been 
implemented in the country, or are works which the locals have limited experience in. Therefore, 
training and supervision by Japanese engineers or skilled workers is required. 
 
(2) Ship Repair Facility 
Special construction works are required for the steel sheet pile wall, foundation piles of the 
slipway, concrete rail beams (girders), and in addition, rail fastening works requires accuracy, 
to. 
 
Regarding procurement and installation of machines and equipment, fabrication/installation of 
the cradles (the main parts will be transported from Japan), installation of machine tools, etc. is 
necessary. Training and supervision by Japanese engineers or skilled workers is required. 
 
(3) Relocation of Storm Water Canal 
All the materials can be procured on site. The side walls are made of mortar masonry, which are 
seen everywhere in Burundi. It is concluded that skilled workers can be employed in Burundi. 
 
It should be noted that the storm water canal should be relocated before the start of the steel 
sheet pile wall works for the container terminal and ship repair facility because the existing 
storm water canal flows into the port basin where these facilities are to be built. 
 
2-2-4-2 Remarks on Construction Works 
(1) Remarks for Preparation Works 
Main preparatory works include, but not limited to, the following: 
1) Concrete plant, storage for cement, aggregate, water, etc. 
2) Asphalt plant, storage for asphalt/aggregate 
3) Open storage and fabrication yard of steel materials (H-shaped steel/steel sheet piles, etc) 
4) Fabrication and storage yard for re-bars 
5) Storage of fittings and materials for quay wall /slipway 
6) Parking for construction machines 
7) Workers’ house and guards’ cabin 
8) Site office/laboratory 
 
Further, low voltage power cable (600V) is embedded passing through the project site to the 
transformer station located near the existing “Container Berth”, which shall be relocated after 
the project site is set up by the contractor in order to avoid interference with the construction 
works. 
 
(2) Remarks on Permanent Works 
1) Driving of Steel Sheet Piles and H-shaped Steel Piles 
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  Steel sheet piles and H-shaped steel piles are too long to be transported from Japan. According 
to the cost estimate and construction plans, they will be cut into two pieces, 12 meters 
maximum, for transportation and welded on site before their driving.  
For the H-shaped steel piles to be driven as the foundation of the slipway, the resistance has to 
be observed and recorded to ensure they have designed bearing capacity. 
Steel sheet piles will be driven by a vibratory hammer attached to a crawler pile driver. Flat and 
steady staging/ground for the pile driver is necessary for safety. 
 
2) Coping Concrete of Steel Sheet Pile Quay Wall 
Cement 42.5N is used for the coping concrete. Two-stage concrete placement is necessary 
because of the height of the coping concrete, i.e. 3.8 m. 
 
3) Relocation of Storm Water Canal 
Regarding the relocation of the storm water canal, the construction works will be carried out 
during the execution of the preparatory works employing local construction methods and 
workers by use of locally available construction equipment. Even though, proper workmanship 
has to be ensured by the contractor. 
 
4) Excavation in water/Dredging 
Pollution prevention canvas enclosure or the like (silt curtain) has to be installed to prevent 
excessive turbidity from spreading out of the dredging area. Turbidity or suspended solids have 
to be measured as part of environmental monitoring. 
 
5) Ship Repair Facility 
The construction area for the slipway should be backfilled and enclosed by temporary steel 
sheet pile wall while the foundation piles are driven. After piling, the area will be excavated for 
construction of the concrete girders, floor concrete and concrete protection/retaining walls as 
well as installation of rails and wire ropes in dry condition. After all the work is finished in dry 
conditions, the temporary steel sheet pile wall will be removed. 
 
For the main equipment, suppliers, along with the necessity of supervisor (SV), are summarized 
as follows. 
 

Table 2.19 Suppliers and Necessity of Supervisors 

No. Equipment Suppliers Necessity of SV 

1 Cradles Burundi / 
Japan 

Necessary 

2 Post type jib crane Japan Necessary 
3 Machine tools (lathe, milling 

machine, drilling machine) 
Japan Necessary 

4 Machine (Welders, grinders, 
hand-saw, metal-saw, etc 

Japan Unnecessary 

5 Screw Air Compressor Japan Unnecessary 
6 Portable Generator Japan Unnecessary 
7 Cubicle Japan Necessary 
8 Rough terrain Crane Japan Necessary 
9 Pulling up & down system of slipway 

(winches, rope/wire, pulleys) 
Japan Necessary 

10 Overhead Crane Japan Necessary 
11 Pipe works (water, compressed air, 

gas/oxygen) 
Burundi / 
Japan 

Necessary 

Source: Survey Team 
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As for the cradle, the parts will be fabricated in Japan and then in Bujumbura, most likely, at a 
local workshop. Skilled workers should be dispatched from Japan in order to maintain the 
quality of works and stay on schedule. 
 
The cradle fabrication work entails check of materials, fabrication of steel structure, attachment 
of wheels, and fabrication/installation of wood block. The following works will be executed by 
dispatched skilled workers. 
・Preparation of fabrication manual and supervision of fabrication procedures  
・Schedule management 
・Quality management (including quality of materials) 
・Skill management (skill tests will be carried out as required) 
 
2-2-4-3 Scope of Works 
For the implementation of this project, the works executed by Burundi are to place a high 
tension power cable from an external power source to the cubicle and to relocate the low voltage 
power cable (600V) which is to be installed with the grant aid.  
 
2-2-4-4 Supervision on Construction Works / Equipment Procurement 
Supervision of the civil/building works and procurement of machines tools/equipment for this 
project will be implemented by the staff as follows. 
 
Team Leader:  

Disseminate significance and particulars of this construction works as a JICA grant aid 
project, monitor/confirm the construction progress and provide instructions to the 
contractor from time to time. 

Construction Supervision on site (civil works/building): 
Supervise construction of civil and building works from the beginning till the completion 
of the works. 

Construction Supervision on site (power distribution/supply, water supply, lightings):  
Supervise installation works of the ship repair facilities and installation of electric/ 
machinery/equipment in the buildings. 

Ancillary Facilities (vessel pulling up & down equipment, machinery):  
Carry out inspection of the tools/materials procured from Japan before shipping and be 
present for the matching inspection of the tools/materials by a third party before shipping. 
Also supervise construction works of the vessel pulling equipment including winch 
installation and installation works of the machinery in the workshop. 

Construction Supervision (final inspection):  
Carry out final inspection of the construction works. 

 
The supervision organization is as follows. 
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Team Leader

Government of Burundi
Ministère des Transports, des Travaux Publics et de 

l'Equipement (MTTPE)
Burundi Maritime, Port and Railway Authority (BMPRA)

Construction Supervision on site 

(Civil/Building)

Construction Supervision 

(Final Inspection)

Construction Supervision 

on site (Power 
distribution/supply, Water 

supply, Lightings)

Ancillary 

Facilities 
(Procurement)

Reporting/Consultation

 
Figure 2.15 Organization Chart for Construction Supervision 

 
2-2-4-5 Quality Control Plan 
 

Table 2.20 Quality Control Plan 

Major type of 

Work 
Construction Phase 

Tests/Items to be 

supervised 
Remarks 

Steel Sheet Piles/ 
H-shaped steel 
anchor pile 

After driving of  
steel sheet pile/ 
H-shaped steel 
anchor pile 

Driving record 
Penetration 
depth/required time, 
top elevation 

H-shaped steel 
pile 

During driving of 
H-shaped steel pile Driving record 

Penetration 
depth/required time, 
top elevation 

Tie-Wire During tensioning the 
tie wire Measuring tension   

Concrete 
Trial mix Aggregates, slump, air, temperature, strength 

after 7 days/28 days 

During casting Slump, air, temperature, strength after 7 days/28 
days 

Embankment Each layer Density test   

Road 

Road bed CBR test   

Lower base course CBR test   

Upper base course Degree of compaction, particle distribution 

Asphalt base course Degree of compaction, particle size distribution, 
amount of asphalt 

Asphalt surface 
course 

Degree of compaction, particle size distribution, 
amount of asphalt 

 
 
2-2-4-6 Procurement Plan 
As a result of the survey of construction materials/machines in Burundi, it was found that the 
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  number of construction machines is inadequate for the project. Some of them are new and in 
good condition, although most of them are old. Rental fee is much higher than that of Japan 
even though the type of machine is considerably old. Special construction machines like pile 
driver and other machines which are not available in Burundi will be transported from Japan. 
 
As for the construction materials to be procured for the project, stones/sands, aggregates, soils, 
and cements are produced for civil works within the country. All other materials will be 
imported from Japan or third world countries. Special construction materials - steel sheet piles, 
H-shaped steel piles, tie wire and fittings to the quay wall - will be procured from Japan. Other 
materials will be from neighborhood third world countries, such as Zambia, Uganda, Kenya, 
and South Africa. 
 
2-2-4-7 Training Plan for Initial Operation/Maintenance  
During project implementation, training of workers in Burundi by Japanese skilled workers is 
required for safe and sustainable use of the provided facilities/machinery. 
Training plan required for operation/maintenance during project implementation is shown in the 
following table. 
 

Table 2.21 Training Plan for Initial Operation/Maintenance  

No. Facility Training Time to be 

Dispatched 

Period 

1 Cradles Maintenance procedures such as 
change of wheels, change of 
wood blocks, etc.  

During 
fabrication 

2 persons x 
2 months 

2 Pulling up & 
down system of 
Slipway 
(Winches, pulleys 
capstan, etc.) 

Maintenance procedures for the 
system (Training for the 
preparation of the pulling up & 
down manual for operation 
should be provided by the 
contractor) 

During 
installation and 
after completion 

3 persons x 
1 month 

3 Assembling / 
Installation of 
post type Jib 
Crane 

Supplier manuals for 
assembling/ installation, 
operation and maintenance  

During 
assembling / 
installation 

1 person x 
11 days 

4 Overhead Crane 
in Workshop 

Supplier manuals for assembling 
/ installation, operation and 
maintenance 

During and after 
installation 

1 person x 
5 days 

5 Installed 
Equipment in 
Workshop 

Suppliers manuals for operation 
and maintenance 

When installing 
equipment 

1 person x 
11 days 

6 Rough-Terrain 
Crane 

Supplier manuals for operation 
and maintenance 

On hand-over 1 person x 
5 days 

 
 
Training for the operation of pulling the cradles up & down will be carried out after the slipway 
is completed. But this is not sufficient for safe pulling of vessels, which can weigh up to 1,000 
ton maximum. Practical training using a vessel on the slipway by experienced specialist is 
required. Training on the operation of pulling the ship up & down is to be carried out by a team 
of 6 individuals on average. Therefore, practical training will be finished in a short period of 
time as training will be provided to 10 workers.  
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  The outline of the practical training is shown below. 
 

Table 2.22 Practical Training for Vessel Pulling up & down System 

Work 

Item 

Works and Number of Workers 

required 

Workers 

to be 

trained 

Number of 

Specialist to be 

dispatched 

Period to 

be 

dispatche

d 

Slipway 
Pulling 
up  & 
down 

Whole command: 1 person 10 
persons 

Whole command: 1 
person 
Winch operation to 
control ship body 
and wood block 
adjustment: 1 person 
 
Total: 3 persons 

3 persons 
x 1 Month Winch operation: 1 person 

(pulling up & down, drawing in) 
Capstan surveillance: 2 person 
(drawing in) 
Wood block adjustment for 
supporting vessel: 2 persons 
(center wood block, side wood 
block) 

 
 
2-2-4-8 Soft Component Plan 
No soft component is planned. 
 
2-2-4-9 Implementation Schedule 
In case the project is implemented by use of grant aid provided by the Japanese Government, an 
agreement is signed between the executing agency of Burundi and a Japanese consulting firm(s) 
for detailed design and construction supervision after the exchange notes and grant agreement 
have been signed between the Japanese government and Burundian government. Based on the 
agreement, the detailed design for the project is conducted and bidding documents are prepared. 
The consultant will assist the executing agency in carrying out the bidding to select a successful 
Japanese contractor(s), with whom the executing agency will sign the construction contract. The 
project will be completed upon the completion of the construction works in accordance with the 
contract terms and conditions. The project implementation schedule is shown in Figure 2.16. 
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(Site Suervey)

(Works in Japan)

(Site Survey)

(Works in Japan)

(Site Survey) Total : 6.0 months

(Preparatory Work)

(Relocation of Storm Water Canal)

(Excavation/Dredging)

(Pavement for Container Quay/Apron)

(Container yard)

(Slipway)

(Inner Port Road)

(Clean-up)

(Shop Drawings, Mateirals Procurement, Fabrication)

(Transport)

(Erection of Structures/Outdoor Facilities)

(Order, Fabrication, Inspection, Shipping)

(Transport)

(Installtion/Adjustment)
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Figure 2.16 Implementation Schedule 
 
2-3 Obligations of Recipient Country 
2-3-1 Items to be Implemented by Recipient Country  
The following project items have to be carried out by Burundi for implementation of this 
project. 
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  2． Transformer Shed contaminated by PCB 
It was observed that the ground in the transformer shed at the existing container quay, which is 
outside but near the project site, was contaminated by PCB.   
Dispersion of contamination must be prevented and the area, including the transformer shed, 
should be fenced and a signboard of caution should be put up to keep the workers away . 
 
3． Tax Exemption 
Contractors and consultants to be engaged in project execution are exempted from taxation 
according to the bilateral agreement. For the equipment to be provided under this project, 
materials/equipment to be imported and incorporated into the project works and temporarily 
imported construction equipment or the like by the contractors to execute this project, BMPRA 
should inform the Government-affiliated organizations that they should be tax-exempt. In the 
same manner, BMPRA should inform the Government-affiliated organizations that individuals 
who enter and stay in Burundi to execute the services/works of this project or the contractors to 
execute the works of this project shall be exempted from income tax or corporate tax. 
 
4． Undertakings by Burundian Side 
BMPRA will issue certifications for issuing individual visa to enter Burundi for this project and 
provide pass permit to enter the site of the port premises. BMPRA will also issue certifications 
which would be required for this project implementation by the contractors, etc. 
 
5． Acquisition of Building Permission 
Although all the construction works of this project will be done in the port area, in case 
permission is required from the Burundi government, BMPRA will provide all the support 
required to get the permission. 
 
6． Banking Arrangement 
It is necessary for the Burundian side to decide a government organization or a bank which will 
make a banking agreement with the Japanese Bank in order to transfer payments to the 
contractors and the consultants who will be employed to execute this project. Commission, 
which is generally proportional to the amount written on the Exchange of Notes (E/N), is 
required and borne by the Burundi side. 
 
7． Issuing of Authorization to Pay (A/P) 
It is necessary for the government organization or the bank of Burundi mentioned above to issue 
Irrevocable Authorization to Pay (A/P) to the consultants and the contractors after each original 
contract document is certified by JICA. Commission, which is borne by the Burundi side, is 
required for issuing the certification according to the original contract documents and for 
issuing the certification of contract amendments. 
 
8． Hand over the Project site to the Contractor 
In addition to the land where the facilities are to be constructed, the land owned by BMPRA 
between the city road and the fence of the port will be handed over to the contractor to use as a 
working yard when construction works are commenced. 
 
9． Laying of High Voltage Cable in the Project Site 
BMPRA is required to extend high voltage power supply to the cubicle to be installed for this 
project because the contractor will not be allowed to execute the cable laying works outside of 
the construction site. 
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Figure 2.17 Extension of High Voltage Cable to Construction Site 

 
The cost of power supply extension is estimated to be around 6,400,000 JPY, 85% of which 
accounts for the material costs of high voltage cable. 
 
1． Relocation of the power cable 
The 600V power cable embedded passing the project site to the transformer station located near 
the existing “Container Berth” shall be relocated the project site set up by the contractor in order 
to avoid interference with the construction works.  
 
10． Regular Cleaning of the Relocated Storm Water Canal 
Not only rain water but also waste and wastewater will flow into the lake through the relocated 
storm water canal. Therefore, the drainage equips rubbish collection screen to remove or reduce 
waste. And the wastewater flowing into Lake Tanganyika will be aerated by cobbles paved on 
the canal bed. BMPRA should implement regular cleaning of the relocated storm water canal to 
maintain rubbish collection and wastewater aeration. 
 
2-4 Project Operation Plan 
2-4-1 Operation and Maintenance Plan of Container Terminal 
BMPRA is planning to grant the operation/maintenance of the container terminal to the port 
concessionaire (GPSB), and GPSB has been assuming the operation/maintenance of the 
container terminal in their business plan. Therefore, the organization of the container terminal 
operation will not be carried out by an independent operator but by a container terminal 
department or the likes of GPSB. 
 
In case the port concessionaire operates the container terminal, the appropriate organization for 
operation/maintenance of the container terminal will be as shown in the following figure. It is 
worth mentioning that the number of people of the organization is assumed based on the 
container demand in 2025. Therefore, the workforce shown in Note 1 of the figure will be 
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  appropriate at the initial stage.  
 

1

Section Chief 1 Section Chief 1 Section Chief 1
Export Container 1 Yard Allocation 1 Assistant Chief 1
Inport Container 2 Cargo Handling Allocation 1 Mechanical Engineer 1
Empty Container 1 IT 1 Mechanic 1
Gate Control 1 STS Cargo Handling Operation 2 Electrician 1
Container Check 2 Reach Stacker Operation 2 Staff 3

Forklift Operation 2
Tractor Driver 5
Pier Cargo Handling Foreman 2

Note 1 : Following staffs will be assigned for start-up of Contanier Terminal operation because of small amount of Container Throughput
a) Management Section chief concurrently to serve as Operation Section chief.
b) 1 staff for each role of Management section, 6 persons in total.
c) Regarding Operation Section, Yard Allocation and Cargo Handling Allocation will be taken care by 1 person.
　　STS Cargo Handling Operater will be 1 person at the beginning. 11 persons in total without Section Chief.
d) Engineering Section staff is as above from the beginning.
　　In case GPSB operates the terminal, the existing staff can concurrently serve for this terminal.

Management Section Operation Section Engineering Section
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nContainer Terminal Managing Director
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Note 2: The figure shows staff number 

Figure 2.18 Organization of Operation and Maintenance of Container Terminal 
 
2-4-2 Operation and Maintenance Plan of Ship Repair Facility 
BMPRA plans to grant the operation and maintenance of the ship repair facility to the port 
concessionaire (GPSB) or local private companies. It is considered that both can operate and 
maintain the ship repair facility because GPSB is operating the existing workshop of Bujumbura 
port and repairing the cargo handling equipment and the local private companies (Metalusa and 
Metaluvia) have experience in ship repair. 
 
In the abovementioned case, management will be undertaken by either the GPSB head office or 
the headquarters of the local companies, so the operation/maintenance organization of the ship 
repair facility is led by a manager as shown in the following figure. 
 

1

1 1

Slipway Chief 1 Workshop Chief 1

Guard/
Security

3 Office
Staff

3 Cradle Craftsman 6 Welder/Repairman 8

Repairman 10 Electrician/
Machine Operator

7

Administration Deparement

Manager
Engineering Department Manager

Ship Repair Facility Manager

 
Notes: The figure shows staff number 

Figure 2.19 Organization of Operation and Maintenance of Ship Repair Facility 
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  2-4-3 Management and Cleaning of Relocated Storm Water Canal 
It is anticipated that waste and wastewater will flow into the relocated drainage from the city 
until the completion of the construction of a rain water discharge network in Bujumbura city. In 
this regard, BMPRA has to maintain and periodically clean the relocated storm water canal until 
the completion of the rain water discharge network of Bujumbura city in order to reduce the 
amount of waste and wastewater flowing into Lake Tanganyika. Occasional cleaning will be 
required on specific occasions such as when the amount of waste is screened after flooding. 
 
2-5 Project Cost Estimation 
2-5-1 Initial Cost Estimation 
The initial costs to be borne by the grant aid of Japan and the Burundian side are respectively 
estimated for project implementation in accordance with the conditions set out in 2-5-1-2. The 
estimated cost to be borne by the grant aid, however, does not mean the ceiling amount which is 
mentioned in the exchange of notes (E/N) between Japan and Burundi. 
 

Table 2.23 Initial Cost to be borne by Grant Aid 

Dredging
Quay wall
Container Yard
Inner Port Road
Silpway
Protection Wall
Cradles
Storm Water Canal
Workshop
Workers' House
Office
 Rough Terrain Crane
Jib Crane
Over Head Cranes
Lathe
Milling Machine
Upright Drilling Machine
Screw Air Compressor
Tools

Detailed Design/Construction Supervision

Project Cost (million JPY)

Civil Works

Buildings

Facilities

Equipment

Item

 
 
2-5-1-1 Initial Cost to be borne by Burundian Side 
Approximate expenses to be borne by the Burundian side for project implementation are 
summarized in the following table. 
 

Item Approx. Cost 
Commission for banking arrangement 42.2 million BIF 2.72 milliion JPY 
High-voltage Cable Extension to the project site 66.6 million BIF 4.30 million JPY 
Low-voltage Cable Relocation at the project site 33.0 million BIF 2.13 million JPY 
Total 141.8 million BIF 9.15 million JPY 
 

 
 
 
 

This Page is closed due to the 
confidentiality. 
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  2-5-1-2 Conditions for Cost Estimate 
The following conditions are set out for cost estimation. 
- Time when the cost was estimated: August 2013 
- Exchange rates:     1US$=100.47JPY, 1BIF=0.0645JPY 
- Construction/procurement:   As shown in Figure 2-16 Implementation Schedule 
- Others:      Cost estimate complies with the JICA guidelines 
 
2-5-2 Operation and Maintenance Cost 
2-5-2-1 Operation and Maintenance Cost of Container terminal 
Operation Cost 
Container terminal operation cost consists of fuel and personnel expenditures required for its 
operation. 
As shown in the following table, the fuel cost is calculated from the operating time of the cargo 
handling equipment based on the container handling volume in 2025. 
 

Table 2.24 Fuel Cost of Container Terminal 

set
Fuel

cost/year
(US$)

set
Fuel

cost/year
(US$)

Mobile Container crane 2.5 1,200 133,200 1 133,200 2 266,400
Reach Stacker 5 1,200 148,800 2 297,600 2 297,600
Forklift 3 1,200 16,800 1 33,600 1 33,600
Tractor Head 5 1,200 210,000 2 420,000 5 1,050,000
Total 884,400 1,647,600

At the beginning Full Operation

Cargo Handling Equipment

Operation
hours/day
(excluding

waiting time)

Fuel
price/kl
(US$)

Fuel
cost/year/set

(US$)

 
Notes: The fuel price is BIF1,800 same as construction cost estimation. 

 
Staff cost for the container terminal operation is calculated based on the labor unit cost shown in 
the organization chart and used for estimation. Staff cost for manager, engineer, etc. is assumed 
to be increased 20% from the MP survey. 
50% of the cost of the technical staff of the ship repair shop is included as they will also work 
for the existing ship repair shop. 
 
The results are as follows. 
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  Table 2.25 Staff Cost for Container Terminal Operation 

Number

Annual
Personnel

Cost
(1000 BIF)

Annual
Personnel

Cost
(US$)

Number

Annual
Personnel

Cost
(1000 BIF)

Annual
Personnel

Cost
(US$)

1 Container Terminal Department
Manager 96,000 1 25,344 16,500 1 25,344 16,500
Secretary 36,000 1 9,504 6,200 1 9,504 6,200

2 Management Section
Section Chief 60,000 1 15,840 10,300 1 15,840 10,300
Export Container 36,000 1 9,504 6,200 1 9,504 6,200
Inport Container 36,000 1 9,504 6,200 2 19,008 12,300
Empty Container 18,000 1 4,752 3,100 1 4,752 3,100
Gate Control 18,000 1 4,752 3,100 1 4,752 3,100
Container Check 12,000 1 3,168 2,100 2 6,336 4,100

3 Operation Section
Section Chief 60,000 0 0 0 1 15,840 10,300
Yard Allocation 36,000 1 9,504 6,200 1 9,504 6,200
Cargo handling Allocation 36,000 1 9,504 6,200 1 9,504 6,200
IT 18,000 1 4,752 3,100 1 4,752 3,100
STS Cargo Handling Operation 22,000 1 5,808 3,800 2 11,616 7,500
Reach Stacker Operation 22,000 2 11,616 7,500 2 11,616 7,500
Forklift Operation 22,000 2 11,616 7,500 2 11,616 7,500
Tractor Driver 22,000 2 11,616 7,500 5 29,040 18,900
STS Cargo Handling Foreman 16,000 2 8,448 5,500 2 8,448 5,500

4 Engineering Section
Section Chief 60,000 1 7,920 5,100 1 15,840 10,300
Assistant Chief 36,000 1 4,752 3,100 1 9,504 6,200
Mechanical Engineer 60,000 1 7,920 5,100 1 15,840 10,300
Mechanic 27,000 1 3,564 2,300 1 7,128 4,600
Electrician 26,000 1 3,432 2,200 1 6,864 4,500
Labor Staff 9,000 3 3,564 2,300 3 7,128 4,600

Annual Personnel Cost (US$) 121,100 175,000

Personnel
Unit

cost/day
(BIF)

At the beginning Full Operation

 
Maintenance Cost 

The annual maintenance cost of the facilities is estimated as US$128,000. The maintenance cost 
of the cargo handling equipment shown in the table below is estimated referring to the costs 
which were provided by the port concessionaire and on the condition that they will be procured 
by the Burundian side. As they are likely to procure used equipment, the maintenance cost for 
the cargo handling equipment is assumed to be 4% of the procurement cost.  
 

Table 2.26 Maintenance Cost of Container Handling Equipment 

Number
Annual

Maintenance Cost
（US$)

Number

Annual
Maintenance

Cost
（US$)

STS Container Crane 500,000 20,000 1 20,000 2 40,000
Mobil Crane 800,000 32,000 2 64,000 2 64,000
Container Fork Lift 330,000 13,200 2 26,400 2 26,400
Tractor Head 200,000 8,000 2 16,000 5 40,000
Truck 40,000 1,600 3 4,800 7 11,200
Total 131,200 181,600
Note: Annual maintenance cost is assumed to be 4% of the procurement cost.

2025Initial Operation

Container Handling
Equipment

Procurement
Cost
（US$)

Annual
Maintenance

Cost
（US$)

 
 
Accordingly, the total annual operation and maintenance cost (O&M cost) is estimated as shown 
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  in Table 2.27. The income of the container terminal is estimated to be about US$0.47 million in 
2025, as the O&M cost of US$2.13 million in 2025 is about 81% of the revenue of the container 
terminal operation of about US$260 million. The container terminal can be operated by the 
concessionaire. However, as the fuel cost occupies about 78% of the O&M cost, fuel price 
should be carefully watched to undertake appropriate measures if necessary. 

Table 2.27 Annual Operation and Maintenance Cost of Container Terminal 
Unit：US$

Fuel 884,400 1,647,600
Personnel 120,000 173,300
Facility 128,000 128,000
Cargo Handling Equipment 131,200 181,600

Initial Operation 2025

2,130,500

Operation Cost

Maintenance Cost

Operation/Maintenance Cost Total

1,004,400

259,200

1,820,900

309,600

1,263,600
 
2-5-2-2 Operation and Maintenance Cost of Ship Repair Facility 
The O&M cost for the ship repairing facilities is estimated in reference to the power 
consumption of a shipbuilding company having similar equipment and capacity and located on 
the inland sea in Japan. For cost estimation, the rates of power and gas are based on those 
collected during the site survey and the water supply is considered zero as lake water will be 
consumed. 
 

Table 2.28 Operation Cost of Ship Repair Facility 

Jib crane 5 ton 1
Rough terrain crane 2
Workshop building 15mx25m=375m²
Machinery (Lathe, etc.) 3
Welding machine 6
LOA of vessels 20～60m

Annual docking ships 30 25 Number of ships to be repaired in 2025

Electricity cost (JPY/month) ¥1,920,000 ¥1,600,000

Gas/oxygen cost (JPY/year) ¥1,370,000 ¥1,142,000

Water cost (JPY/year, incl.
sewerage cost)

¥360,000 ¥0 Lake water is used in Bujumbura.

Annual cost total (JPY) ¥3,650,000 ¥2,742,000
Annual cost total (US$) 36,329 27,292

Facility Scale, Cost, etc. Shipyard in Japan

1
1

30mx10m=300m²

These costs are proportional to the number of
annual docking ships because the function of
both ship repair facilities are similar to each
other.

This Project

3
6

12～65.70m

Remarks

 
Staff cost for the ship repairing facilities shown in Table 2.29 is calculated based on the labor 
unit cost as well as the cost for container terminal. Staff cost for manager, engineer, etc. is 
assumed to be increased 20% from the MP survey and 50% of the cost of the technical staff of 
the ship repair shop is included as they will also work for the existing ship repair shop. 
 
As the maintenance cost is estimated to be about US$73,000 when the costs for construction of 
the facilities and procurement of machineries are taken into account, the annual O&M cost of 
the ship repairing facilities are as shown in Table 2.30.  
In 2025, it is envisaged that 5 ships will need large scale repairing and 20 ships will require 
small scale repairing. On the assumption that the charge for relatively large scale repairing is 
US$22,000 (US$6,000 for pulling the ships up and down, US$16,000 for repairs) on average 
and that for relatively small scale repairing is US$9,000 (US$6,000 for pulling the ships up and 
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  down, US$3,000 for repairs) on average, the annual revenue will be about US$290,000, which 
will be almost same with the O&M cost. It is therefore recommended that the ship repairing 
facilities should be utilized for other works like repairing of machineries, etc. In addition, they 
can be used to repair ships of other countries.  
 

Table 2.29 Staff Cost for Ship Repair Facility 

Unit Cost/day
(BIF) (1,000 BIF) (US$)

1 Ship Repair Facility
Manager 96,000 1 25,344 16,300
Secretary 36,000 1 9,504 6,100

2 Administration Department
Manager 60,000 1 15,840 10,200
Other Staff 36,000 3 28,512 18,300
Guard/Security 10,000 3 7,920 5,100

3 Engineering Department
Manger 60,000 1 15,840 10,200
Cradle Section Chief 50,000 1 13,200 8,500
Cradle Craftsman 16,000 6 25,344 16,300
Repairman 17,000 10 44,880 28,800
Workshop Chief 50,000 1 13,200 8,500
Welder/Repairman 17,000 8 35,904 23,100
Electrician/Machine Operator 26,000 7 48,048 30,800

182,200Annual Personnel Cost (US$)

Annual Personnel Cost
Personnel Number

 
 

Table 2.30 Annual Operation and Maintenance Cost of Ship Repair Facility 
Unit：US＄

Annual Operation Cost 27,292
annual Personnel Cost 182,200
Annual Maintenance Cost 73,000
Total 282,492  

 
2-5-3 Maintenance of Storm Water Canal 
The storm water canal which will be constructed as a project component should be periodically 
cleaned to maintain its function to distillate polluted water. For maintenance, 4 workers and 1 
truck will be required once a week. The maintenance cost is calculated as shown in Table 2.31. 
 

Table 2.31 Cleaning of Storm Water Canal 

Cost/day （BIF) Cost/year （BIF)
Damp truck (2 ton) 198,700 10,332,400
Personnel cost (4) 36,000 1,872,000
Total (BIF) 12,204,400
Total (US$) US$7,835  

 
The maintenance cost is estimated to be about 12.2 million BIF (approx. US$7,835), which will 
be a very small amount of about 0.3% of the revenue of the container terminal. 
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  Chapter 3 Project Evaluation 

3-1 Preconditions 
The following terms and conditions have to be met for construction, operation and maintenance 
of the facilities which will be built or procured for the project. 
 
Acquirement of Building Permit 

BMPRA is required to assist the contractor in acquiring a building permit from relevant 
authorities of the Burundian government if such a permit is necessary for project 
implementation. 

 
Environmental Management 

BMPRA is required to establish an organization in charge of the environmental management for 
construction and operation of the project facilities. The organization should monitor the 
environment of the construction site, other port premises and their vicinity before and during 
construction.  

 
Deployment of Officials to Manage Project Facilities  

For appropriate management of the project facilities including the slipway after completion, 
BMPRA should assign officials in charge of the relevant facilities. The assigned officials should 
be provided training for the initial operation and management of operations. 

 
Conceding of Container Terminal and Ship Repairing Facilities 

To operate and maintain the container terminal and ship repairing facilities which will be 
completed under the project, their concessionaires have to be decided in advance of their 
completion. 

 
Procurement of Container Handling Equipment 

The following equipment should be procured by the Burundian side before October 2016: 
- Mobile container STS crane 35 ton at 19 m radius: 1 
- Reach stackers 35 ton: 2 (1 for 3 tiers for loaded, 1 for 4-tiers for empty) 
- Tractor heads: 2 
- Terminal chasis: 3  
 

Periodical Cleaning of Storm Water Canal 

BMPRA should periodically clean the storm water canal in order to maintain its function to 
screen debris and distillate polluted water. 
 
3-2 Necessary Inputs by Recipient Country 
Commission for Banking Arrangement 

The Burundian authority which will make payments to the consultant and contractor(s) by use 
of the grant aid should bear a certain proportion of the amount described in the exchange of 
notes as commission (E/N). The commission is estimated to be about 42.2 million BIF. 
 



Preparatory Survey for the Project for the Improvement of the Port of Bujumbura  
in the Republic of Burundi Final Report 

 

3-2 

P
rep

a
ra

to
ry S

u
rvey fo

r th
e P

ro
ject fo

r th
e Im

p
ro

vem
en

t o
f th

e P
o

rt o
f B

u
ju

m
b

u
ra

 in
 th

e
 R

ep
u

b
lic o

f B
u

ru
n

d
i 

 
F

in
a
l R

ep
o
rt 

  3-2-1 Extension of High-voltage Power Cable to Project Site 
BMPRA should extend the high-voltage power cable to the project site at its own expense. The 
extension will cost about BIF 66.6 million. 
 
3-2-2 Relocation of Low-voltage Power Cable passing Project Site 
BMPRA should relocate the low-voltage power cable passing through the project site to the 
transformer station located near the existing “Container Berth.”, which will cost BIF 33 million. 
 
3-3 Important Assumptions 
The external conditions with respect to the container terminal development at Bujumbura Port 
are as follows:  
1. Dedicated Container Train Operation between Dar es Salaam Port and Kigoma Port 
  Around 72% (31,680 TEUs in 2025) of the containers to be handled at Bujumbura Port, 
including the empty ones, are assumed to be transported via Dar es Salaam Port and Kigoma 
Port. Therefore, the container throughput of Bujumbura Port highly depends on the operation of 
the dedicated container train between Dar es Salaam Port and Kigoma Port. In June 2013, in 
order to promote container transport by railway, TPA called for expression of interest (EOI) for 
the feasibility study on the TPA’s project investment to TRL for the dedicated train operation. 
However, the project has not been in progress. It should be noted that the transit container cargo 
of Burundi handled at Dar es Salaam Port was 10,748TEUs in 2012 (17,457TEUs estimated in 
2025).  
 
2. Rehabilitation of Container Terminal at Kigoma Port 
  Rehabilitation of the container terminal at Kigoma Port is one of the conditions to promote 
container transport on Lake Tanganyika. Owing to the deterioration of the TRL railway between 
Dar es Salaam and Kigoma, container throughput of Kigoma Port abruptly decreased while the 
container gantry crane remained unused for a long time because of shortage of spare parts. In 
August 2012, TPA called for an international bid for rehabilitation of the gantry crane to restore 
the container handling capacity of Kigoma Port. 
 
3. Container Terminal Development at Mpulungu Port 
  The development of the container terminal at Mpulungu Port is also one of the external 
conditions in relation to the improvement project of Bujumbura Port. Currently, Mpulungu Port 
has one berth for general cargo handling and the berth has only a 20m long quay wall, which is 
not capable of handling containers. Under the coordination of AfDB, both the governments of 
Burundi and Zambia exchanged Memorandum of Understanding (MOU) regarding “The Lake 
Tanganyika Transport Corridor Development Initiative” in September 2013. They agreed to 
promote lake transport between Bujumbura Port and Mpulungu Port. After the exchange of the 
MOU and receiving a grant from NEPAD 2  Infrastructure Project Preparation Facility 
(NEPAD-IPPF) managed by AfDB in December 2013, the Zambian government called for a 
“Lake Tanganyika Transport Corridor” Project. It is mentioned in the procurement notice of the 
consultant that the specific physical projects are the rehabilitation and modernization of 
Mpulungu Port. 
 
There are no external conditions to be taken into consideration with respect to the construction 
of the ship repairing facilities, as there are private entities who are engaged in ship repairs in 
Burundi. They use the slipway at Kigoma in Tanzania or the dry dock at Kalemie in DRC for 
ship repair and there are a sufficient number of ships registered and to be repaired in Burundi.  

                                                   
2 The New Partnership for Africa’s Development  
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  The transport cost respectively occupies 35% and 45% of  import and export commodity prices 
in Burundi. As almost all the everyday goods are imported and the export of coffee and tea 
occupies a considerable large share in the export income, reduction of the transport cost is an 
urgent issue to address to foster the economic growth. In this regard, the construction of the 
container terminal is indispensable to increase the GDP per capita to US$720 in 2025 from 
US$137 in 2008 as targeted in “Vision 2025” by promoting lake transport and reducing the 
transport cost. 
Meanwhile, the ship repairing facilities will result in the reduction of outgoing currency from 
Burundi by repairing the largest fleet on Lake Tanganyika in Burundi instead of Tanzania or 
DRC. Consequently, they will create job opportunities and improve technology in Burundi, 
leading to economic self-sufficiency.  
 
3-3-1 Effectiveness 
3-3-1-1 Quantitative Effectiveness 
Quantitative effectiveness is evaluated with respect to the increase in cargo handling capacity of 
Bujumbura Port, the reduction in container transport cost from/to Dar es Salaam Port by railway 
and lake via Kigoma Port instead of road (all the way from/to Dar es Salaam Port), and the 
increase in inbound containers from Mpulungu Port. The targets of effectiveness are 
summarized in the table below:  
 

Table 3.1 Quantitative Effectiveness 

Indicators Originals 
(2012) 

Targets (20203) 
(4 years after project completion) 

Cargo throughput (1,000ton per year) 122.8 296.1 
Transport cost of 40 ft container (US$/box) 5,300 (Road) 4,497 (Railway and lake via Kigoma) 
Containers from Mpulungu Port (TEU) 0 9,325 
Annual number of ships repaired in Burundi None Large scale repairing : 5 

Small scale repairing : 18 
 
 
3-3-1-2 Qualitative Effectiveness 
The qualitative effectiveness of the project is described as follows: 
1  Cargo handling efficiency of Bujumbura Port will be improved owing to the 

containerization of a majority of cargo; 
2  Safety of lake transport will be improved, as the ships of Burundi will periodically be 

inspected and repaired on the completed slipway; 
3  The port basin can be maintained thoroughly, as the existing storm water canal will be 

relocated and the sediments from the city will not flow into the basin anymore; and  
4  Job opportunities will be created owing to the ship repair facilities, as they can repair not 

only the ships of Burundi but also those of Tanzania, DRC and Zambia. 
 
  

                                                   
3 As the development of Mpulungu Port in Zambia is planned to start with AfDB’s assistance in 2020, the target year 
is also set 2020, which is 4 years after the project completion, in order to evaluate the container handling at 
Bujumbura Port as one of the indicators. 
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Field Survey 

 
 
Explanation of the overall plan of the project 

 
 
 

Project Manager Interpreter Chief Consultant/ Port

Planner

Port Facility Designer Ancillary Facility/ Container

Handling Equipment

Natural Condition Survey Environmental & Social

Considerations 1

Construction & Procurement

Planner/ Cost Estimation

Environmental & Social

Considerations 2
Mr. KOYANAGI Mr. Ando Mr. ENDO Mr. YOKOGAWA Mr. IKAWA Mr. SASE Mr. TESHIMA Mr. KUBO Ms. OSADA

2-Aug Fri

3-Aug Sat

4-Aug Sun

5-Aug Mon

6-Aug Tue

7-Aug Wed

8-Aug Thu

9-Aug Fri Tokyo>Dubai>Nairobi

10-Aug Sat

11-Aug Sun Arr Bujumbura

12-Aug Mon

13-Aug Tue

14-Aug Wed

15-Aug Thu

16-Aug Fri Tokyo>Dubai>Nairobi Tokyo>Dubai>Nairobi

17-Aug Sat Internal MTG

18-Aug Sun Arr Bujumbura Natural Condition Survey Arr Bujumbura Internal Meeting Natural condition Survey

19-Aug Mon

20-Aug Tue JICA Kenya office Arr Tokyo

21-Aug Wed

22-Aug Thu

23-Aug Fri Regular MTG at JICA Regular MTG at JICA

24-Aug Sat

25-Aug Sun

26-Aug Mon

27-Aug Tue

28-Aug Wed

29-Aug Thu

30-Aug Fri

31-Aug Sat

1-Sep Sun

2-Sep Mon

3-Sep Tue

4-Sep Wed

5-Sep Thu

6-Sep Fri

7-Sep Sat

8-Sep Sun

9-Sep Mon

10-Sep Tue

11-Sep Wed

12-Sep Thu

13-Sep Fri

14-Sep Sat

15-Sep Sun

16-Sep Mon

17-Sep Tue

18-Sep Wed Discission with sub-contractor

19-Sep Thu Regular MTG at JICA

20-Sep Fri

21-Sep Sat BMJ> Nairobi > Dubai

22-Sep Sun Arr Tokyo

Sign on M/D

Site Survey Site Survey

JICA Field Office/Discussion with MTTPE

Discussion on M/D

Sign on M/D

JICA Field Office/Discussion with MTTPE

Discussion with MTTPE Visiting Relevant Organization

Visiting Relevant Organization
Visiting Rerevant Organization

Arr Tokyo

Natural Condition Survey

Natural Condition Survey

Analysis

BMPRA regular MTG

Natural Condition Survey

Regular MTG at JICA Regular MTG at JICA

Discussion with MTTPE、BMPRA Discussion with MTTPE、BMPRA

BMJ> Nairobi > Dubai BMJ> Nairobi > Dubai

Arr Tokyo

Site Survey

Regular MTG at JICA

Internal Meeting

Internal Meeting

Natural Condition Survey

Site Survey

Discussion on M/D, visit to MoE

Natural Condition SurveyInternal Meeting

Arr Bujumbura Site Survey Site Survey

JICA Field Office/Discussion with MTTPE
Site Survey Collecting relevant data 

Discussion on M/D

Visiting Relevant Organization Rerevant Organization

Regular MTG at JICA Regular MTG at JICA

22:00 Tokyo>Dubai>Nairobi Internal Meeting Internal Meeting

Arr Bujumbura Arr Bujumbura

Internal Meeting Internal Meeting

JICA Field Office/Discussion with MTTPE

Discussion with MTTPE Discussion with MTTPE

JICA Consultant

22:00 Tokyo>Dubai>Nairobi 22:00 Tokyo>Dubai>Nairobi

Date 

Project Manager Interpreter
Chief Consultant/ Port

Planner
Port Facility Designer

Construction & Procurement

Planner/ Cost Estimation

Mr. KOYANAGI Mr. Okada Mr. ENDO Mr. YOKOGAWA Mr. Yamamoto

22-Feb Sat

23-Feb Sun

24-Feb Mon

25-Feb Tue

26-Feb Wed

27-Feb Thu

28-Feb Fri

1-Mar Sat

Lv Bujumbura
17:50 Tokyo

Lv Tokyo

Arr Bujumbura
Discussion on M/D
Discussion on M/D

Signing on M/D

JICA Consultant

Date
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3  List of Parties Concerned in the Recipient Country 
Burundi side 
Ministry of Transport and Public Works (MTTPE) 
 Mr. DEOGRTIAS Rurimunzu Minister 
 Mr. BAKIRE Nzoyisaba Vincent Permanent Secretary 
Burundi Maritime, Port and Railway Authority(BMPRA) 
 Mr. Dieudonné DUKUNDANE Director General 
 Mr. Nibigira EZECHIEL Director General 
 Mr. Pontien BIKEBAKO Directeur projet Environnement 
 Mr. Felix NIMBONA Naval inspectator 
 Mr. Bahati REVERIEN Administrative and Financial 

Director 
 Mr. MAHIMANA Diomède Director 

 
Global Port Services Burundi(GPSB) 
 Mr. Kobus van der Merwe Director General 
 Mr. Bonaventure 

SINZOBAKWIRA 
Assistant Director General 

Ministere de L’Eau, de l’Environment, de l’Amennagament du Territoire et de 
l’Urbanisme(MOE) 
 Ing. Jean Calude NDUWAYO Minister 

Mr. NIMFASHA Joseph Advisor 
Ms. Antoinette MACUMI Director General of Forestry and 

Environment 
Ms. Bernaditte HAKIZIMANA In charge of EIA 

 
Japan side 
Embassy of Japan in Kenya Mikio Mori Minister 
Embassy of Japan in Kenya Yukiko Toyoda Third Secretary 
JICA Kenya Office Sei Kimura Representative 
JICA Burundi Field Office Seiko Morita Program Coordinator 
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4  Minutes of Discussions 
The Minutes of Discussion (M/D) attached as in follows. 
 
During the field Survey (August 19th 2013) 

English 
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French 
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Explanation of the overall plan of the project (February 27th 2014) 
 

English 
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French 
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5  Commitment Letter for the Procurement of container handling 
equipment 

English 
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French 
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6  Meteorological Data and Water Level 
Temperature of Bujumbura 

Unit:  degree centigrade 
Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 

Max. TEMP 33.6 29.4 33.3 35.0 30.5 34.5 35.5 34.5 34.5 35.2 35.3 33.2 33.6 
Min. TEMP 11.2 19.1 15.0 14.1 18.7 14.0 14.4 14.5 13.1 14.1 15.0 15.4 14.9 

Average 
TEMP 

22.4 24.2 24.7 24.9 24.6 25.1 24.9 25.0 24.8 25.1 25.2 24.3 24.3 

Source: Annuaire Statistique du Burundi 2011, 1996–2009 
 

Average Monthly Temperature of Bujumbura 
Unit:  degree centigrade 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
Average TEMP 23.2 23.1 23.0 23.0 23.2 22.9 22.5 23.4 24.0 23.8 22.9 22.9 23.2 

Source：Newest Every Country in the World Directory, the 11th Version  
 

Average Monthly Rainfall of Bujumbura 
Unit: mm 

Year 
Month 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Monthly 

Average 
January 103.1 113.1 135.4 46.5 104.2 195.2 87.0 143.0 99.1 125.0 210.4 76.6 62.1 115.4 
February 37.0 77.2 121.6 60.9 19.9 61.0 121.0 81.7 166.7 148.0 124.0 88.4 96.2 92.6 
March 149.4 99.9 124.4 100.8 162.8 145.9 124.0 86.5 71.0 188.4 155.8 173.3 43.6 125.1 
April 42.1 97.9 79.5 68.1 93.7 70.2 111.0 150.0 69.2 133.3 63.7 116.9 104.1 92.3 
May − 93.0 34.0 25.0 0.7 130.6 88.9 22.2 23.2 86.8 33.8 62.5 54.4 54.6 
June − 4.8 − 1.9 − 1.1 2.5 10.7 89.2 1.6 4.4 33.3 46.8 19.6 
July − 76.0 − 0.5 1.5 − 0.9 52.3 15.1 − 3.7 23.6 − 17.4 

August − − − 2.5 1.7 4.8 38.1 6.9 3.6 3.5 − 4.6 29.5 9.5 
September 2.5 62.3 5.6 54.0 73.6 4.2 32.3 29.9 31.9 5.1 41.2 87.0 33.8 35.7 

October 40.2 67.6 74.9 77.0 37.1 32.9 63.0 113.0 69.7 67.6 50.9 67.5 172.7 71.9 
November 203.8 91.4 57.1 68.0 45.4 116.1 157.0 63.4 65.1 248.7 90.8 108.9 56.7 105.6 
December  88.0 134.2 38.3 181.5 55.0 215.0 94.6 37.0 225.8 78.0 202.9 246.0 134.4 

Yearly Average 728.8 871.2 766.7 543.5 722.1 817.0 1040.7 854.2 740.8 1233.8 856.7 1045.5 945.9  
Source：IGEBU Bujumbura Airport 
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Average Atmospheric Pressure by Month 
Unit: hPa 

Year 
Month 

2008 2009 2010 2011 2012 Average 

January 922.7 922.5 921.3 923.3 922.5 922.5 
February 923.5 923.2 922.2 922.8 921.7 922.7 

March 923.3 922.3 922.1 922.1 922.1 922.4 
April 922.9 922.7 922.5 922.7 923.0 922.8 
May 923.2 923.5 923.7 921.8 924.3 923.3 
June 923.6 924.0 923.4 920.9 925.5 923.5 
July 922.6 925.1 924.5 921.7 924.8 923.7 

August 921.4 924.4 923.2 922.2 923.6 923.0 
September 920.9 922.2 923.1 922.3 923.4 922.4 

October 921.2 922.2 922.2 922.2 923.6 922.3 
November 922.0 921.0 922.3 921.1 921.9 921.7 
December 920.8 922.5 923.0 921.6 922.6 922.1 

Source： IGEBU Bujumbura Airport 
 

Average Humidity by Month 
Unit: % 

Year 
Month 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Average 

January 79 78 69 73 79 74 77 75 73 75 75 77 75.3 
February 77 76 68 75 76 74 69 77 76 76 74 74 74.3 

March 78 75 71 76 76 73 72 76 75 75 75 74 74.7 
April 75 78 72 78 74 75 74 76 76 75 73 77 75.3 
May 74 73 69 76 75 74 72 69 75 73 74 77 73.4 
June 72 66 65 64 72 68 70 68 69 68 69 71 68.5 
July 69 65 61 63 64 65 68 67 64 65 69 70 65.8 

August 61 55 54 60 63 64 66 65 62 61 67 65 61.9 
September 70 56 59 68 61 60 66 62 60 65 68 69 63.7 
October 73 68 57 68 67 65 69 70 67 67 75 73 68.3 

November 69 74 68 76 73 79 76 73 75 73 79 77 74.3 
December 75 75 70 78 73 77 75 74 76 74 79 78 75.3 
Source： IGEBU Bujumbura Airport 
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Average Sunshine Hours by Month 
Unit: hours 

Year 
Month 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 Average 

January 181.8 165.5 146.7 167.7 146.6 232.4 203.5 179.3 172.9 108.1 170.5 
February 100.9 170.8 175.5 202.7 155.0 140.4 198.4 160.7 154.3 93.1 155.2 

March 184.3 180.4 203.8 167.7 175.5 152.5 204.2 196.4 205.2 185.2 185.5 
April 184.7 153.4 229.9 164.3 196.2 211.1 210.8 194.2 215.6 234.2 199.4 
May 248.6 211.9 213.4 252.1 234.4 257.7 187.5 239.6 251.0 232.1 232.8 
June 245.1 283.6 226.9 300.0 266.8 309.7 264.2 217.5 241.2 308.3 266.3 
July 321.8 287.0 315.2 232.4 264.3 318.2 166.3 300.9 325.1 280.6 281.2 

August 280.4 296.5 282.5 225.8 259.4 271.2 − 290.5 238.8 186.2 259.0 
September 180.0 212.7 205.4 224.1 220.1 205.3 209.1 230.4 259.2 142.8 208.9 
October 187.0 211.0 228.0 187.0 190.2 223.3 146.1 202.1 162.5 171.8 190.9 

November 191.7 145.5 149.2 190.9 176.4 175.7 163.5 189.8 − − 172.8 
December 177.3 152.0 247.0 169.5 174.2 168.0 129.9 183.4 131.3 − 170.3 

 

Monthly Average Wind Velocity 
Unit: m/sec 

Year 
Month 

2004 2005 2006 2007 2008 2009 Average 

January − 0.34 1.51 0.19 1.11 0.95 0.82 
February − 0.46 − 0.75 0.31 0.66 0.55 
March 0.86 0.49 1.24 1.37 0.11 0.72 0.80 
April 0.49 0.89 0.88 0.82 1.00 0.35 0.74 
May 0.53 0.70 0.63 1.78 2.15 1.01 1.13 
June 0.00 1.05 2.15 1.84 1.90 − 1.39 
July − − 2.25 − 1.68 − 1.97 

August − 2.54 2.09 − 2.37 2.76 2.44 
September − 2.69 2.40 − 1.81 − 2.30 

October 1.91 2.33 2.06 2.03 1.51 − 1.97 
November 1.17 − 0.67 1.57 1.68 − 1.27 
December 0.72 − − − 1.68 − 1.20 

Note: the observation point is about 5 km north east of Bujumbura Port. 
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Water Level at Lake Tanganyika 

 
 

 

 

 

 

Year Max. Water Level Min. Water Level Amplitude Year Max. Water Level Min. Water Level Amplitude

1929 773.75 772.90 0.85 1971 775.90 775.00 0.90

1930 774.11 773.62 0.49 1972 775.70 774.80 0.90

1931 774.65 773.95 0.70 1973 775.30 774.40 0.90

1932 774.89 774.22 0.67 1974 775.30 774.50 0.80

1933 774.91 774.07 0.84 1975 774.80 774.10 0.70

1934 774.63 773.82 0.81 1976 774.90 774.10 0.80

1935 774.76 773.93 0.83 1977 774.90 774.00 0.90

1936 775.16 774.28 0.88 1978 775.20 774.40 0.80

1937 775.45 774.85 0.60 1979 775.80 774.90 0.90

1938 775.53 774.70 0.83 1980 775.70 774.80 0.90

1939 775.45 774.72 0.73 1981 775.60 774.70 0.90

1940 775.40 774.57 0.83 1982 775.10 774.30 0.80

1941 774.88 774.05 0.83 1983 775.80 774.40 1.40

1942 775.22 774.50 0.72 1984 774.90 773.90 1.00

1943 774.95 774.03 0.92 1985 774.80 773.80 1.00

1944 774.51 773.80 0.71 1986 774.60 773.70 0.90

1945 774.35 773.51 0.84 1987 774.90 774.30 0.60

1946 774.07 773.32 0.75 1988 774.90 774.20 0.70

1947 774.21 773.55 0.66 1989 775.50 774.70 0.80

1948 774.20 773.35 0.85 1990 775.70 774.80 0.90

1949 773.82 772.95 0.87 1991 775.40 774.70 0.70

1950 773.79 772.83 0.96 1992 775.40 774.70 0.70

1951 773.75 773.00 0.75 1993 775.20 774.20 1.00

1952 774.41 773.80 0.61 1994 774.60 774.20 0.40

1953 774.60 773.70 0.90 1995 774.70 774.00 0.70

1954 774.13 773.25 0.88 1996 774.50 773.80 0.70

1955 774.02 773.23 0.79 1997 774.80 773.60 1.20

1956 774.15 773.42 0.73 1998 775.60 774.40 1.20

1957 774.52 773.70 0.82 1999 775.30 774.50 0.80

1958 774.38 773.50 0.88 2000 774.80 773.90 0.90

1959 774.24 773.45 0.79 2001 774.70 774.00 0.70

1960 774.46 773.57 0.89 2002 774.80 774.10 0.70

1961 774.31 773.51 0.80 2003 774.60 773.80 0.80

1962 775.39 774.98 0.41 2004 774.30 773.50 0.80

1963 776.29 775.64 0.65 2005 774.70 773.20 1.50

1964 777.07 776.32 0.75 2006 773.70 773.00 0.70

1965 776.80 775.83 0.97 2007 774.05 773.40 0.65

1966 776.56 775.63 0.93 2008 774.30 773.55 0.75

1967 776.10 775.31 0.79 2009 774.38 773.62 0.76

1968 776.72 775.95 0.77 2010 774.68 773.98 0.70

1969 776.62 775.64 0.98 2011 774.35 773.35 1.00

1970 776.42 775.40 1.02 2012 774.73 773.83 0.90

1929〜 Average Average Average

2012 Max.Water Level Min.Water Level Amplitude

84 Years 774.96 774.14 0.82



Preparatory Survey for the Project for the Improvement of the Port of Bujumbura  
in the Republic of Burundi Final Report 

 

Appendix-61 

7  The Result of Geotechnical Investigation 

 
Location of Borehole Exploration 

Normal line of planned 
Container berth

Planned area of 
slipway

Normal line for ship repairing 
facilities

Height of 
Boring
/ Number
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Boring Logs No.1 to No.5 

Note Note
(Soil Aspect) (Soil Aspect)

(m)

1 Silt & midiumsize Boulders Silt

2 8 Silt & small size Boulders Clayey silt

3 Sand Clayey silt

4 18 Silty Sand Sand

5 Sand Sand

6 30 Sand Clayey silt

7 Sand Clayey silt

8 38 Sand Silty sand

9 Sand Sand

10 20 Sand Sand

11 16 Sand Sand

12 47 Sand Sand

13 23 Sand Sand

14 27 Sand Sand

15 37 Sand Sand

16 150/30 Sand Sand

17 150/50 Sand Sand

18 150/59 Sand Sand

19 150/57 Sand Sand

20 64 Sand Sand

21 Sand Sand

22 66 Sand Sand

23 Sand Sand

24 44 Sand Sand

25 Silty sand with stiff clay Sand

26 150/55 Sand Sand

27 Sand Sand

28 150/50 Sand Sand

29 Sand Sand

30 72 Sand Sand

Note Note
(Soil Aspect) (Soil Aspect)

(m)

1 Silty sand Silty clay

2 18 Sand Silty clay

3 Sand Silty clay

4 7 Sand Silty 

5 Sand Silty sand

6 20 Sand Silty sand

7 Sand Sand

8 40 Sand Sand

9 Sand Sand

10 42 Sand Sand

11 42 Sand Sand

12 37 Sand Sand

13 42 Sand Sand

14 48 Sand Sand

15 44 Sand Sand

16 49 Sand Sand

17 41 Sand Sand

18 39 Sand Sand

19 51 Sand Sand

20 66 Sand Sand

21 Sand Sand

22 150/50 Sand Sand

23 Sand Sand

24 66 Sand Sand

25 Sand Sand

26 48 Sand Sand

27 Sand Sand

28 54 Sand Sand

29 Sand Sand

30 55 Sand Sand

Standard Penetration Test

Note
(Soil Aspect)

(m)

1 Sand with cobbles

2 8 Sand with cobbles

3 Silty sand

4 5 Silty sand

5 Silty sand

6 50 Silty sand

7 Silty sand

8 38 Sand 

9 Sand 

10 48 Sand 

11 41 Sand 

12 44 Sand 

13 60 Sand 

14 54 Sand 

15 69 Sand 

16 150/57 Sand 

17 50 Sand 

18 74 Sand 

19 50 Sand 

20 150/50 Sand 

22.9 2.67

31.5 2.75

8.8 2.78

0 10 20 30 40 50 60 (%) (t/m3)

Bujumbura Port hole No.4

C
o
ntent

M
oisture

G
ravity

S
pecific

E; 760640.000-N; 9626704.000  EL; 777.722
N - Value

25.6 2.67

12.5 2.73

10.3 2.78

C
o
ntent

M
oisture

G
ravity

S
pecific

E; 760747.000-N; 9626746.000  EL; 777.910
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Boring Logs No.6 – No.7 
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8  The Result of Environmental Survey 

8-1 Soil Survey 
 

 
Location of Soil Survey 
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Physical analysis results (water contents, specific gravity & grain size) and chemical analysis results  

(hazardous metals & lipophilic substances) 

 
 

 
Note: LOQ stands for “Limit of Quantitation” 

10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60
Medium

Sand
Fine Sand Silt Fine Sand Silt Medium

Sand
Medium

Sand
Medium

Sand
Silt Silt Silt Fine Sand Silt Silt Silt Silt Silt Silt Medium

Sand
Medium

Sand

Brown Light
brown

Brown Brown Brown Brown Brown Brown Dark
brown

Dark
brown

Brown Light
brown

Brown Brown Brown Light
brown

Brown Red
brown

Light
brown

Light
brown

No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor
Parameter LOQ Unit
Water content - mass-% 7.9 2.2 18.5 7.7 3.7 7.7 15.4 22.6 24.2 26.8 26.1 6.3 21.2 21.7 25.4 23.9 25.7 27 9 1.2
Specific gravity 0.1 g/cm³ 2.1 1.8 2 2 1.9 2 1.9 2 1.8 2.1 1.6 2.1 1.9 1.8 1.6 1.8 2 1.9 2.7 2.8
Grain size - mm 0.19 0.17 0.0074 0.17 0.009 0.19 0.25 0.23 0.015 0.005 0.012 0.18 0.005 0.0083 0.016 0.012 0.01 0.01 0.25 0.3
Lipophilic substances 5 mg/l < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5
Arsenic (As) 0.005 mg/l < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
Cadmium (Cd) 0.001 mg/l < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Chromium (Cr) 0.005 mg/l < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
Copper (Cu) 0.005 mg/l < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
Tin (Sn) 0.01 mg/l < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01
Mercury (Hg) 0.0002 mg/l < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Nickel (Ni) 0.005 mg/l < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
Zinc (Zn) 0.01 mg/l 0.01 < 0.01 0.01 0.01 < 0.01 < 0.01 0.01 < 0.01 0.02 < 0.01 0.01 < 0.01 < 0.01 < 0.01 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

M8 M9 M10

Soil type

Color

Odor

M5 M6 M7Sampling location code M1 M2 M3 M4
Sampling depth (cm)

10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60
Medium

Sand
Medium

Sand
Silt Medium

Sand
Silt Medium

Sand
Silt Silt Silt Silt Silt Silt Silt Medium

Sand
Medium

Sand
Silt Medium

Sand
Silt Medium

Sand
Medium

Sand

Brown Brown Dark
brown

Brown Brown Light
brown

Brown Brown Brown Light
brown

Dark
brown

Dark
brown

Dark
brown

Dark
brown

Brown Brown Brown Brown Dark
brown

Dark
brown

No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor
Parameter LOQ Unit
Water content - mass-% 12.4 8.9 22.6 10.9 23.8 8.3 20.2 19.3 21.1 17.3 28.2 24.7 23.5 10.8 12.1 4.8 10.1 6.2 9.6 4.4
Specific gravity 0.1 g/cm³ 2 2 1.7 2 1.7 2.1 2 1.9 1.9 1.5 1.9 1.9 1.7 1.9 1.9 1.8 1.7 1.9 2.1 2.7
Grain size - mm 0.22 0.25 0.012 0.24 0.006 0.19 0.009 0.01 0.028 0.014 0.006 0.0095 0.005 0.17 0.17 0.17 0.19 0.15 0.22 0.26
Lipophilic substances 5 mg/l < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 37 < 5
Arsenic (As) 0.005 mg/l < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
Cadmium (Cd) 0.001 mg/l < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Chromium (Cr) 0.005 mg/l < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 0.009 < 0.005
Copper (Cu) 0.005 mg/l < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 0.005 < 0.005 < 0.005 < 0.005 0.007 < 0.005
Tin (Sn) 0.01 mg/l < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01
Mercury (Hg) 0.0002 mg/l < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Nickel (Ni) 0.005 mg/l < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
Zinc (Zn) 0.01 mg/l 0.01 < 0.01 0.02 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.01 < 0.01 < 0.01 < 0.01 0.01 < 0.01 < 0.01 < 0.01 0.01 0.03 < 0.01

M17 M18 M19 M20
Sampling depth (cm)

Soil type

Color

Odor

M11 M12Sampling location code M13 M14 M15 M16
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Note: LOQ stands for “Limit of Quantitation” 

 
 

10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60

Silt Medium
Sand

Fine Sand Silt Silt Silt Fine Sand Silt Medium
Sand

Silt Medium
Sand

Silt Silt Medium
Sand

Silt Medium
Sand

Medium
Sand

Medium
Sand

Medium
Sand

Fine Sand

Dark
brown

Dark
brown

Brown Brown Dark
brown

Brown Dark
brown

Brown Brown Brown Brown Brown Brown Brown Brown Brown Brown Brown Brown Brown

No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor
Parameter LOQ Unit
Water content - mass-% 22.9 8.3 6.7 19.5 24 19.7 14.1 17.1 6.4 14.6 0.3 13 19.7 6.4 23 7.8 10.8 4.6 5.5 9.9
Specific gravity 0.1 g/cm³ 1.6 2.2 2.7 1.6 2 1.6 2.1 1.8 2.2 1.8 1.4 2 1.8 1.9 1.8 2.1 1.9 2.2 2.3 2.2
Grain size - mm 0.0073 0.2 0.14 0.014 0.013 0.012 0.17 0.13 0.4 0.03 0.23 0.017 0.016 0.17 0.014 0.21 0.21 0.33 0.45 0.1
Lipophilic substances 5 mg/l < 5 < 5 < 5 < 5 < 5 20 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5
Arsenic (As) 0.005 mg/l < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
Cadmium (Cd) 0.001 mg/l < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Chromium (Cr) 0.005 mg/l < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 0.006
Copper (Cu) 0.005 mg/l < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
Tin (Sn) 0.01 mg/l < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01
Mercury (Hg) 0.0002 mg/l < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Nickel (Ni) 0.005 mg/l < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
Zinc (Zn) 0.01 mg/l 0.01 < 0.01 < 0.01 < 0.01 0.04 < 0.01 < 0.01 < 0.01 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.01 < 0.01 < 0.01 0.02

M28 M29 M30

Soil type

Color

Odor

M21 M22 M23Sampling location code
Sampling depth (cm)

M24 M25 M26 M27

10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60

Silt Silt Fine Sand Silt Medium
Sand

Fine Sand Medium
Sand

Medium
Sand

Fine Sand Medium
Sand

Medium
Sand

Silt Silt Silt Medium
Sand

Medium
Sand

Medium
Sand

Medium
Sand

Medium
Sand

Medium
Sand

Brown Brown White
brown

White
brown

Brown White White
brown

White
brown

White White Brown Brown Brown Brown Brown Organic
brown

Brown Brown Red
brown

Light
brown

No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor
Parameter LOQ Unit
Water content - mass-% 27.9 22 3.3 10.8 8.3 3.9 6.8 1.1 3.9 1.3 7.1 12.2 14.2 7.2 11.1 4.3 9 3.5 6.1 2
Specific gravity 0.1 g/cm³ 1.8 1.6 1.9 1.6 2.5 1.7 2.8 2.1 2.5 2 2.2 1.8 1.9 2.8 1.7 1.4 1.6 1.3 2 2.5
Grain size - mm 0.02 0.01 0.2 0.04 0.24 0.12 0.25 0.37 0.2 0.24 0.2 0.024 0.11 0.086 0.19 0.23 0.2 0.19 0.34 0.24
Lipophilic substances 5 mg/l < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5
Arsenic (As) 0.005 mg/l < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
Cadmium (Cd) 0.001 mg/l < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Chromium (Cr) 0.005 mg/l < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 0.007 < 0.005
Copper (Cu) 0.005 mg/l 0.006 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
Tin (Sn) 0.01 mg/l < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01
Mercury (Hg) 0.0002 mg/l < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Nickel (Ni) 0.005 mg/l < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
Zinc (Zn) 0.01 mg/l 0.02 0.01 < 0.01 0.02 0.01 < 0.01 0.02 < 0.01 0.01 < 0.01 0.04 0.03 0.01 < 0.01 0.01 < 0.01 < 0.01 < 0.01 0.04 < 0.01

M39 M40

Color

Odor

M31 M32 M33 M34Sampling location code
Sampling depth (cm)

Soil type

M35 M36 M37 M38
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Note: LOQ stands for “Limit of Quantitation”. 
Upon ETA’s request to analyze oil and grease (n-hexane extractable materials), lipophilic substances were analyzed in the laboratory through gravimetric determination of low volatile 
lipophilic substances. Petrol ether (a mixture of hydrocarbons with boiling point between 40-60 °C) was used as solvent for the extraction. Examples of lipophilic substances are mono-, 
di- or triglycerides, phosphor- or glycolipides or sterol ester. 
 

10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 50 150 50 150 50 150
Medium

Sand
Fine Sand Silt Silt Silt Medium

Sand
Fine Sand Fine Sand Fine Sand Medium

Sand
Silt Medium

Sand
Medium

Sand
Fine Sand

Brown Light
brown

Brown Light
brown

Brown Brown Brown Brown Brown Brown Brown Brown Brown Light
brown

No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor No odor
Parameter LOQ Unit
Water content - mass-% 9.2 13.9 13.7 9.5 12.5 15.1 18.9 10.3 8.9 8.9 24.8 4.7 8.3 4.8
Specific gravity 0.1 g/cm³ 2.9 2.6 2.8 2.5 2.7 2.8 2.7 2.8 2.7 2.7 1.8 2.3 2.4 2.2
Grain size - mm 0.24 0.081 0.14 0.08 0.15 0.15 0.17 0.18 0.17 0.16 0.006 0.21 0.2 0.009
Lipophilic substances 5 mg/l < 5 < 5 < 5 < 5 < 5 10 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5
Arsenic (As) 0.005 mg/l < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 0.005 < 0.005 < 0.005 < 0.005 < 0.005
Cadmium (Cd) 0.001 mg/l < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Chromium (Cr) 0.005 mg/l 0.005 0.006 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
Copper (Cu) 0.005 mg/l 0.005 0.006 0.006 < 0.005 < 0.005 0.006 < 0.005 < 0.005 < 0.005 < 0.005 0.005 < 0.005 < 0.005 < 0.005
Tin (Sn) 0.01 mg/l < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01
Mercury (Hg) 0.0002 mg/l < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Nickel (Ni) 0.005 mg/l < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
Zinc (Zn) 0.01 mg/l 0.02 0.05 0.04 0.01 0.04 0.04 < 0.01 0.07 < 0.01 0.02 0.07 < 0.01 0.01 < 0.01

Odor

M41 M42 M43 P1 P2Sampling location code
Sampling depth (cm)

Soil type

Color

P3 P4
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PCB analysis results of Soil Survey 

 
 

  
Note: LOQ stands for “Limit of Quantitation” 

10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60
Parameter LOQ Unit
PCB 18 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 20 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 28 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 31 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 44 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 52 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 101 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 105 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 118 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 138 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 149 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 153 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 156 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 170 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 180 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 194 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
Total 6 PCB mg/kg - - - - - - - - - - - - - - - - - -

M30 M34 M37 M40 M42Sampling location code M7 M13 M16 M23
Sampling depth (cm)

V1
10-15 50-60 10-15 50-60 10-15 50-60 10-15 50-60 0-10

Parameter LOQ Unit
PCB 18 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 20 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 28 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 31 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 44 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 52 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 101 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 0.049
PCB 105 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 118 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
PCB 138 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 0.4
PCB 149 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 0.35
PCB 153 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 0.53
PCB 156 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 0.027
PCB 170 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 0.19
PCB 180 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 0.67
PCB 194 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 0.13
Total 6 PCB mg/kg - - - - - - - - 1.649

P2 P3Sampling location code
Sampling depth (cm)

P4P1
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8-2 Lake Bottom Sediment Survey 
 

 
Location of Sediment Survey 

 
 
 

  On-site findings and physical analysis results (water contents, specific 
gravity and grain size) 

Sample ID  L1 L2 L3 L4 L5 L6 L7 
Sampling depth (m) 2.4 4.3 4.6 4.9 5.8 5.8 6.4 

Sediment type Silt Silt Silt Medium 
Sand Silt Silt Silt 

Color  Blackish 
brown 

Blackish 
brown 

Blackish 
brown 

Blackish 
brown 

Blackish 
brown 

Blackish 
brown 

Blackish 
brown 

Odor Strongly 
sulfurous 

Strongly 
sulfurous Sulfurous Sulfurous 

Strongly 
sulfurous 

Strongly 
sulfurous Sulfurous 

Param
eter 

Analysis 
method  Unit 

 Water 
content 

DIN EN 
14346 

mass-
% 67 65.8 47.3 31.7 63.4 49.1 67 

Specific 
gravity SOP 806 g/cm³ 1.2 1.2 1.5 1.5 1.2 1.3 1.3 
Grain 
size DIN 18123 mm 0.026 0.023 0.032 0.23 0.0075 0.025 0.0074 
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Chemical analysis results (Polychlorinated biphenyl (PCB)) of Lake Sediment Survey 

Parameter Analysis method LOQ Unit 
Sample ID 

L1 L2 L3 L4 L5 L6 L7 
PCB 18 DIN 38414-20 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 

PCB 20 DIN 38414-20 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 

PCB 28 DIN 38414-20 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 

PCB 31 DIN 38414-20 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 

PCB 44 DIN 38414-20 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 

PCB 52 DIN 38414-20 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 

PCB 101 DIN 38414-20 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 

PCB 105 DIN 38414-20 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 

PCB 118 DIN 38414-20 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 

PCB 138 DIN 38414-20 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 
PCB 149 DIN 38414-20 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 
PCB 153 DIN 38414-20 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 
PCB 156 DIN 38414-20 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 
PCB 170 DIN 38414-20 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 
PCB 180 DIN 38414-20 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 
PCB 194 DIN 38414-20 0.003 mg/kg < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 

Note: LOQ stands for “Limit of Quantitation” 
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8-3 Ambient Air and Atmospheric Survey 
 

Location of Ambient and Noise Survey 
 

In-situ monitoring results (CO and noise) 

 
 

Ex-situ monitoring results (SO2, NO2, O3, PM2.5 and PM10) 

 
  



T1

T2

T3

430 m

T1 T2 T3

2013/08/29 - 30 Weekday 0.58 0.59 0.59 Average value in 24 hours

2013/08/31 - Weekend 1.28 1.29 1.17 Average value in 24 hours

52.3 55.3 44.1 Average value in daytime (7:00 - 22:00)

42.5 44.2 43.1 Average value in nighttime (22:00 - 7:00)

52.6 52.2 44.8 Average value in daytime (7:00 - 22:00)

43.8 43.9 43.0 Average value in nighttime (22:00 - 7:00)

Parameter Monitoring date RemarkUnit

dBAWeekdayNoise

μg/Nm3CO

2013/08/31 -

09/01

Weekend

2013/08/29 - 30

T1 T2 T3

2013/08/29 - 30 Weekday 92 169 49

2013/08/31 - Weekend 74 83 94

2013/08/29 - 30 Weekday 415 175 31

2013/08/31 - Weekend 207 103 18

2013/08/29 - 30 Weekday 94 86 79

2013/08/31 - Weekend 64 94 88

2013/08/29 - 30 Weekday 25 22 14

2013/08/31 -

09/01

Weekend 21 19 14

2013/08/29 - 30 Weekday 45 40 21

2013/08/31 - Weekend 38 36 19

Parameter Monitoring date Unit

μg/m3SO2

PM10 μg/m3

NO2 μg/m3

μg/m3

μg/m3O3

PM2.5
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8-4 Water Survey 

 
Location of Water Quality Survey 

 



W1
W2

W3

W5

W4

W6

240 m
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Water investigation results 
D

at
e 

Sa
m

pl
e 

ID
 

D
ep

th
 (m

) 

Te
m

pe
ra

tu
re

 (℃
) 

pH
 

D
O

 (m
g/

l) 

Sa
lin

ity
 (‰

) 

Tu
rb

id
ity

 (N
TU

) 

TS
S 

(m
g/

l) 

C
O

D
 (m

g/
l) 

T-
N

 (m
g/

l) 

T-
P 

(m
g/

l) 

O
il 

& 
G

re
as

e 
 

20
13

/8
/1

8 

W1-1 0.5  27.6  7.42  10.44  0.34  1.76  8  15  0.31  <0.01 nil 

W1-2 2.3  26.2  7.4  4.8  0.34  0.88  6  42  0.36  <0.01 nil 

W2-1 0.5  27.3  7.36  11.62  0.34  0.51  9  87  0.45  <0.01 nil 

W2-2 2.5  26.1  7.32  5.81  0.34  0.83  8  33  0.5  <0.01 nil 

W2-3 4.5  25.8  7.3  4.81  0.33  0.47  11  85  0.56  <0.01 nil 

W3-1 0.5  28  7.4  15.35  0.33  0.84  10  134  0.48  <0.01 nil 

W3-2 2.5  26.2  7.35  6.76  0.34  0.39  12  156  0.39  <0.01 nil 

W3-3 5  25.8  7.27  6.14  0.33  0.5  14  202  0.36  <0.01 nil 

20
13

/8
/2

4 

W1-1 0.5  26.5  8.03  7.25  0.34  0.33  6  30  0.5  <0.01 nil 

W1-2 2.3  26.6  8.05  5.19  0.34  0.61  8  72  0.64  <0.01 nil 

W2-1 0.5  26.5  8.01  7.75  0.34  0.43  11  80  0.59  0.03  nil 

W2-2 2.5  26.4  8  5.03  0.34  0.41  9  48  0.53  0.06  nil 

W2-3 4.5  26.5  8.14  5.21  0.34  0.47  12  67  0.56  <0.01 nil 

W3-1 0.5  26.9  8.11  8.94  0.34  0.57  15  38  0.39  <0.01 nil 

W3-2 2.5  26.6  8.05  5.62  0.34  0.56  12  98  0.62  <0.01 nil 

W3-3 5  26.4  8.02  5.36  0.34  0.34  13  56  0.42  <0.01 nil 

Note1: DO = Dissolved Oxygen, TSS = Total Suspended Solids, COD = Chemical Oxygen Demand, T-N = Total 
Nitrogen, T-P = Total Phosphorus and NTU = Nephelometric Turbidity Units. 
Note2: It should be noted that the project site experience a strong rain for several hours on the day before the first 
water sampling (18 August 2013) while there was no precipitation observed on that site the entire week before the 
second water sampling day (24 August 2013).   
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20
13

/8
/1

8 

W4-1 0.5  26.5  7.22  8.88  0.34  0.24  9  108  0.5  <0.01 nil 

W4-2 1.5  26.2  7.2  6.47  0.34  0.36  13  46  0.53  <0.01 nil 

W4-3 3  25.9  7.26  6.78  0.34  0.14  7  57  0.48  <0.01 nil 

W5-1 0.5  27.4  7.17  12.3  0.34  0.65  6  70  0.31  <0.01 nil 

W5-2 2.5  26.2  7.1  7.36  0.34  0.31  15  97  0.39  <0.01 nil 

W5-3 4.5  26  7.11  6.77  0.34  0.44  8  20  0.42  <0.01 nil 

W6-1 0.5  26.3  6.64  8.22  0.34  0.78  8  32  0.42  <0.01 nil 

W6-2 6  26.2  6.93  6.79  0.34  0.16  6  51  0.42  <0.01 nil 

W6-3 12  26  6.86  6.94  0.34  0.55  9  44  0.42  0.02  nil 

20
13

/8
/2

4 

W4-1 0.5  27  7.3  7.64  0.34  0.32  8  50  0.64  <0.01 nil 

W4-2 1.5  26  7.91  6.75  0.34  0.32  9  90  0.56  <0.01 nil 

W4-3 3  25.8  7.96  6.14  0.34  0.59  6  96  0.62  <0.01 nil 

W5-1 0.5  26.4  7.97  7.81  0.34  0.44  10  185  0.56  0.02  nil 

W5-2 2.5  26.3  8.02  5.56  0.34  0.44  11  93  0.73  <0.01 nil 

W5-3 4.5  26.2  8.04  7.6  0.34  0.54  8  45  0.67  <0.01 nil 

W6-1 0.5  26.4  8.11  7.87  0.34  0.46  14  50  0.62  0.12  nil 

W6-2 6  26.4  8.05  6.26  0.34  0.69  9  70  0.42  <0.01 nil 

W6-3 12  26.4  8.02  5.91  0.34  0.37  8  155  0.7  <0.01 nil 

Note1: DO = Dissolved Oxygen, TSS = Total Suspended Solids, COD = Chemical Oxygen Demand, T-N = Total 
Nitrogen, T-P = Total Phosphorus and NTU = Nephelometric Turbidity Units. 
Note2: It should be noted that the project site experience a strong rain for several hours on the day before the first 
water sampling (18 August 2013) while there was no precipitation observed on that site the entire week before the 
second water sampling day (24 August 2013). 
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