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PREFACE

In response to a request from the Government of the Kingdom of Cambodia, the
Governmeit of Japan decided to conduct the Feasibility Study on Conslruclioﬁ of the
Mekong Brid;gc in-the Kingdom of Cambodia and enteusted the sludy fo tlie Japan
International Cooperation Agency (HCA). |

JICA sent to Cambodia a study team headed by Mr. BISASHI OHSIMA and
composed of the members of Nippon Koei Co., Ltd. and PADLECO Co., Lid, four tinies
between April, 1995 and May, 1996.

Thé team held discussions with the officials couccmcd of the Government of
Cambodia, and conducted a field study at the sludy area. Af ler he teant rctumed lo Japan,

- further studies were made and the prescnl report was pn,mred _

1 hiope that lhls report will conlnbute (o the promolton 0[ the pro;cct 1nd to the

- enhancement of Inendly relations betweei our lwo countrics.

1 wish' to express my sincerc appreciation 1o the officials concemed of the
f Goverment of the Kingdom of Cambodia for their close cooperation extended 1o the team.

July, 1996

itz

Kimio I’ lulta
President - -
Japan International Cooperation Agency
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SYNOPSIS

The Mekong River, which originates in the Tibetan Highlands and has a catchment area of
795,000 km2 and length of 4,200 km, divides Cambodia inlo two parts; an east side and a west
side. Accordingly road-based transport modes crossing over the Mekong River depend on lerry
operations at various points throughout the country, which is hindering the Government of
Cambodia from planmng not only fundamental astablishment of the transporiation seclor but also
overall socioeconomic program. The functions ofa Mekong River Bndge can be considered the
following: 1) Improvement of accessubel:ly between Phnom Penh and remole areas in the eastern
regions of the Mekong River, 2) Improvement of the international road network, 3} Promotion of a
- markel-oriented economy, 4) Upgrading of living standards in rural areas, and 5) Promation of
agriculiural development,

The traffic study included tralfic counts at 17 locations refaling to the candidale romes. an O-D
survey, and tralfic forecasts. According lo the tralfic count survey, average daily traffic was
observed at Neak Loeung, Prek Tamak and Kompong Cham ferry stations respectively.
According to the traffic surveys in May 1995, average daily traffic was observed o be 870, 80 and
260 PCU (notincluding motorcycles or non-molorized vehicles) at the Neak Loeung, Prek Tamak
“and Kompong Cham lerty stations respeclively. Further average daily traffic in the year 2011 is
expected 1o be 4,110, 390 and 1,890 PCU respectively al above mentioned locations. From the
O-D survey results of the total cargo tonnage crossing the Mekong River by ferry average 37%
has origin or deslination in Phnom Penh and 14% has origin or destination in Vielnam. '

In PHASE - | STUDY, the Siudy Team has investigated (he most preferable location of the

Mekong Bridge among three candidate locations, namely Neak Loeung, Prek Tamak and

- Kompong Cham, with two alternative routes each, totaling six alternative routes. Many kinds of

”studtes and surveys: o.g. the above mentioned traffic study, topographic surveys, bathymetric

surveys, geological surveys, river hydrologica! study, geologlcal survey, loporogscal survey,

- environmental examinalions, road and bridge mvenlory surveys were conducted in order to select:
the oplimum route. - in pranmng main bndge crossing the Mekong Rwer one of the mosll;
significant factors influencing ‘consteuction cost will be navigational c!earance especnal!y ihe

verlical ¢learance stipulated by the Mekong River Commission, orgamzed by SUf_roundlng

‘countries along the Mekong River. Alter meeting with the Steering Commiftee of Cambodia on

the Study, the Study Team followed the stipulation made by the Mekong River Commission that

the vertical clearance from the high water level should be seécured at 37.5m at Neak Loeung, and

15.0m at Prek Tamak and Kompong Cham. As for the type of superslruclure several kinds were

examined for the sake of planning an economically feasible lype suitable for each bridge -
alternative foule. 'wCon_lig’uraIions of substructures were also investigated reflecting current
technical advancements together with achieving an economical substructure. In line with bridge
compansons, respective approach road plans wero szmuuaneous!y carried out {or cosl estimales.
According to the preliminary evaluation of the six alternative routes, taking into consideration
project coét, EIRR and other imporlant factors, it was concluded thal the Kompong Cham route,
which passes through nearby C-2 routs, has significant advantages over the other five
alternatives in lerms of optimumn case under budgelary conslraint for fulure repairs and beneficial
broad indirect effects.



PHASE - 2 STUDY, the route of the bridge was slighlly shifted downstream by agproximatély
300m and named the selected route(C-3) according {o the following reasons; 1) to minimize social
impacts and reduce the cost of fand acquisition and compensation on the Konpong Cham side
due to construction of viaduct and approach road, 2) 1o avoid general scouring which could oceur
alohg the C-2 route, 3) to avoid construction of toundation in deep river channel. In addition,
focusing on this selected route, lopographic, bathymietric, and geological surveys and an
environmental examination were then conducted to input preliminary design.

Prior to preliminary des?gn of the bridge, a comparison between the continuous PG box girder and
extra-dosed PC bridge; which are categorized as presiressed concrete bridge, was conducled.
After scrutinizing characteristics of both types wilth criteria such as technical feasibifity,
construclion cost, maintenance requirement and so on, it was determined that the continuous PC
box girder is superior mainly because it is practically maintenance free. Furlher, the optimum span -
division was siudied fo establish an economical bridge plan, including approach roads, such that
the span length should be 120m. As a resull of comparisons between different kinds of
substructures, a wall-shaped pier substructure supported by multi-column pile foundation was
adopted as an optimum substructure configuration.

According to environmental study, some environmenial parameters will be affected to some
exlent, while others have minor impacts. For example, some areas on bridge approaéh road need
to be expropriated, causing human relocation problems, while impacts on the rest of parameters
have been found minimal. All the environmental paramaters will be adversely affected in some
~ degree by the project implementation. . However, adverse impacls on these environmentat
paramelers can most likely be mitigaled by the provision ol proposed counter measures and _
~ monitoring programs; consequently no sefious enwronmenlal problems are expected in the
* {uture.

: Thé implementation schedule depends on the time of commencement tor engineering aclivity
and subsequent activities such as tendering and timoe of contracl. Assuming lhess aé:liw;riiies
| progress n_o_rjmany", substructure works would begin with the third dry season and whole works
- would end in the sixth dry season accointing for 42 months for actuat conslruction works on the
- condition that initia! mobilization works would commence 2 months in advance of entering the
* third dry season.

The total project cost was estimated te amount to 79.7 million US$ in which foreign portion is 64%
~and local portion is 36% respectively.

‘The economic evaluation demonstraled thal the Mekong'Bridge at Kompong Cham is
economically viable with a £EIRR of 9.5 per cenl. Quantified benefits included (i) time cost savings;
- " (ii} vehicle operating cost savings.

Based on resulls of the economic evaluation and the financial evaluation, which iflustrated the
severe linancial conslraints of servicing a domestic loan even under very lavorable loan
conditions, il is strongly recommended that external financing without debt service bbligation be
soughl for the implementation of the Project.



In conclusion the Study Team stales that construction of the Mekong Bridge at Kompong Cham is
technically and economically leasible under proper linance and accordingly recommends thal it be

immediately imptemented.



Profile of tho Meckong Bridge of the Kingdom of Cambodia

iI_ocalion

Korpong Cham

Project Cost

79.68 million US$%

Construction Cost

64.80 Miltion US«$T

Navigational Clearance

Vertical Clearance:  15.0m (From high water leve!)

Horizontal Clearance: 90.0m

Bridge Width 13.5m
Road Way 10.8m
Sidewalk ~|3.1m on both sides

Total Bridge Length

1,360 m

Main 8ridge
Type |

L Span Arrangament

Castin Sity Prestressed Concrete Conlinuous Box Girder :

80+7@120480=1000m

Approach Bridge

Type -

Span Arrangement

Prestressed Concrete Connecting T-Girder

Kompong Chami(West) Side * |5@40-200m
EastSide |4@30-160m
Approéch Roads | "

o Rbadway 7.00m
Sidewalk 0.75m
Total Cedgth ‘ 2,238 m
Kompong Chém side 257 m
East Bank side 1981 m
Construction Period 42 months




CHAPTER 1 INTRODUCTION

1.1

1.2

1.3

" Study Background

in response {o the request from the Government of the Cambodia (GOC), the
Government of Japan (GOJ} decided to conduct the Feasibility Study on Construclion
of Mekong Bridge in the Kingdom of Cambodia, herein after called " the Study,
Accordingly, the Japan International Cooperation Agency(JICA), the official agency
responsible for the implementation of technical cooperation prog'rams of GOJ,
organized a Sludy Team to execute the Study. The Study Team was dispatched to
Cambodia in March 1995 1o implement the Study, and is o submit the Final Reporl in
June 1996.

Objectives of the Study

The principal cbjective of the Study is to conduct the feasibility sludy on construction of
the Mekong Bridge in Cambodia including its approaches. The study shall cover the

Ahree areas; Neak Loeung, Prek Tamak and Kompong Cham.

Scope of Work
The scope of work covers several ilems as foilows:

‘Data collechon and analys#s regarding socio- economic dala, traffic data,
geo!ogscal data hydroiogma! dala, development p!ans and saon :

. ESne survey regarding tratfnc survey. geologmal survey‘ hydroiogical survey
and soon ¢ : :

Traflic iorecasl
- Preliminary comparative sludy of alternatives at 3 tocations
‘Evaluation of Alternatives

Comparative sludy of alternatives and ils evaluation conceming cost aspect, |
engineering aspecl, construction aspect and so on. - o

Preliminary design
Planning and scheduling of construction works
Cost estimate

Environmental impact assessment

—5



Economic and financial evaluation

- Imptemen!atibn program

Study Schedule

The Study Team conducted this Feasibility Study, following flow diagram présénled it
Figure1l.1,

Reports
The following reporis were submitted or are 10 be submitled to the Minisiry of Public
Works and Transpord. .
~ Inception Be’poﬁ ‘April 1995
' .Ptog.res:s Rép_on | July | - 1995
!plerim Reporl. () Seplember 1995
Interim Repori () © December 1995
 Draft Fina Report - April 1996

- FinatReport . . . July 1996
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" CHAPTER 2 ECONOMY AND TRANSPORTATION IN CAMBODIA

2.1

2.1

2.1

A

2

Current - Transportation Policies
Policies and Slrategies

Basic principles for a road network plan together with a conceplual regional
developmient plan are identified in the National Programme to Rehabilitate and Davelop
Cambodia.

Growth polss, development centers, and a growth corridor conslituting a future spatial
reglonal structure are also referred to in the Programme. The three growth poles are
Phnom Penh, Sihanoukville, and Siem Riep, and the growth corridor i the belt
between Phnom Penh and Sihanoukville. Further, community development centers
are proposed for rural development in the following 10 areas: Kompong Cham, Prey
Veng, Svay Rieng, Kralie, Takeo, Ballambang, Banteay Meanchey. Kampot Siem
Riep, and Pursat.

Transport Plans

The projects 1o which the Cambodian Goverament altaches high priority for rapid
:mplementatlon in the transport sector are also referred to in the National Programme to
Rehabilitate and Devefop Cambodia.

As longer term objeclsves in addmon to resloral»on work, pnormes wnh the foilowmg
fealures are to be pursued:

strengthening linkages with ngighboring countries;
upgrading the quahty of domestic serwces and

_expandmg lacihtses in prov;nmal and d:struct areas |n order to support rural i
economic and socual advance P -

Longer-lerm priorities concern:

extending communication into the more remote areas of the country, but in
ways that are sensilive to environmental and cultural pressures;

upgrading lhe= Cambodian sections of the Asian Highway, in 'parlibu!af :
Roules 1 and 5 linking the Thai and Vielnamese networks and in addition,
Roules 7/13 providing the Lao f0ad network access 1o thanoukwlle Port and
the sea;

- exploring other transborder initiatives lo forge closer regiona! linkages and lo
expand regional markels, such as raitway development and tourism; and

upgrading and expanding the Sihanoukvilia Port and associaled facilities to
" enable it to betler handle conlainerized traffic.

.__8_.



2.1.3

2.2

c2.2.1

2,2.2

As for the internalional road network, the Economic COOperérion Programme in the
Greater Mekong Subregion was agreed upon in the fourth internalional conference
held in Chiang Maiin 1994. This conference with ministerial level atlendants of member
countries was promoted by the Asian Development Bank for the promotion of
economic cooperation among the six riparian countries in the Mekong River Basin.

Current Projects

MPWT's capability to fund or,co-finance any major project is very limited because of its
budget constraint of only 159 billion riel {about US$ 69 mil.) for $995. Most of the local
funds are Used for emergency repairs for different provincial roads. Larger projects are
usually typically by foreign ald organizations.

Among the foreign aid rehabilitation projects, ADB's Special Rehabiiitation Assistance
Project (SRAP) is the most extensive; it concerns emergency rehabilitation, i.e., the
provision of critical equipment for roads, raitways, and ports. The tolal budgel is some
US$ 35 million excluding the cost of technical assistance. This project commenced in
mid-1993 and is expected 10 continue untit the end of 1995. The World Bank also hasa
muiti-sector Emergency Rehabilitation Project. Several countries including Japan are
committed as bilateral donors.

Socioeconomic Situation
Economy in Genearal

Overall GDP, expanded at an annuyal rate of 6% over the 1991 1994 period. GNP per

. cap:la grew from, about US$ 130 in 1990 1o around Uss$ 200 in 1992 These upward '
. trends are mamly due to lhe accelerated process of I:berallzahon sance 1989.

. Agrtcullura comnbu!es close to hau of real GDP lollowed by trade, non- governmenlal
* services, and construclion, while the share of manulacturing is only aboul 7% of rgal

owlput. Agriculture emp!oys the fargest proporiion of the labor force (80%), followed by

~ services and construclion {15%), and manufacturing.
"Budget

“The 1994 national budge! was US$ 405 miion. Current expenditure accounts for 65%
- of the budget, againsl 35% for capital expenditure which will be linanced in large part

(aimosl 90%} with extemal resources.  The Ministry of Public Works and Transport
receives about 19% of the total budgel in order to implement a large-scale public
investment program, financed predominantly by exteinal aid organizalions, to
rehabilitate transport infrastructure. The government suffers from budget deficit, and
reduction of budgel delicit and fiscal consoclidalion are the central themes of the new
program.,



2.2.3

2.3

2.4

income and Prices

The Socio:Economic Survey in Cambodia-1993/4 sponsored by AOB and UNDP
revealed that the average monthly household oxpenditure is US$ 125 in Cambodia and
US$ 357 in Phnom Penh. Considering the average household size and number of
income earners per household, the average monthly expenditure of income eamners is
estimated around UJS$ 100 in Phnom Penh and US$ 45 in Cambodia.

Dala supplied by the National Bank of Cambodia show that consunier prices 1ose
steeply from 1989 to 1993 with an average inflation rate of over 150%; however this
unstable situation has sellled down with an inflation rate in the previous year of minus
28.4 % (i.e., dellation).

Socioeconomic Policy

The Cambodian Government submitted its National Programme to Rehabilitate and
Develop Cambodia lo the Second International Committee on the Reconstruction of
Cambodia, held in Tokyo in March 1994, This document clearly identified the
Cambodian Governmen!'s sirategies for rehabilitation and development and its priorities

" for both the medium ferm (3 yeais} and the short term (18 months).

The overriding objective of Cambodia is to achieve a fair, just, and peaceful society,

and, through acceleraling ihe rate of eoonomlc growth, 10 raise the living standards of ali '
- Cambodian people. :

- Key objectives are {0 sustain economic growlh at 7-8% per annum !rom 1994, and to :
- reduce annual infiation to under 10% in 1994 and 5% aﬂerwards

‘Development Potential of the Reglon

Considerations on development potential below locus on the area on the left bank of
the Mekong River where it is supposed to be susceptible 1o the Mekong Bridge.
Therefore, the provinces of Kandal, Prey Veng, Svay Rieng, Kampong Cham,
Ratanakiri, Stung Treng, Mondulkiri, and Kratie are broadly considered as the m!luence
area of the Mekong Bridge. An excellent source of technical mlormalion on
developmenl potential is Cambodia Agricultural Development Options Review (Phasé !)
by FAQ/UNDP, 1994.

The influence area of the Mekong Bridge is well endowed with natural resources,

" including a diversity of agro-ecological zones suited to a wide range of crops and
* livestock, and rich biological resources. Soils developed over basalt in the east and in

particular the red soils are well suited for rubber, and river bank soils are of refatively high
fertitity.

—10--



2.5

" The cultivated area that is concenlraled in the alluvial basin around the hydrographic

network of the Mekong River has the high polential for agr:cullura! development. The
periodic flooding of the Mekong River provides many benefits, including siltation of an
extended area for agriculture (with permanent maintenance of soil ferlifity) and the
dovelopmen! of fisheries in the inundated forests.

Constrainis to agricuitural development include both naluralenvironmental limitations
and those caused by years of war.. The existing poor transporl system is a major
constrainl 1o agricuitural developmenl ‘

" Functions of a Mekong River B:ridge :

“In addition to providing the missing fink for road tralfic, a Mekong Bridge (the first one in

Cambodia) will play a much broader role than a simple local bridge. 1ls importance is
assessed as lollows:

Traﬁsport Functions'

" The main transport functions of a Mekcfngj Bridge in Cémbodia aré:

- Improvemenl ol Accessublllly beiween Phnom Penh and Remole Areas in
the Left Bank

- Jmproverne'ril of the International Road Network -

- Effects on Reglonal Development

: The Constfucison aof a Mekong Bndge is expected not only {0 bnng a drasnc change in
" the arterial road network in Cambodia, bul also o mfluence regional deve!opmenl
ihrough :educhons in lravel time and cosl The tollowmg are enwsaged as pnncapal
- effects: : - :

f’romotion of Open Markets and a Markel-Oriented Economy
- Upgrading of Living S!_aﬁdards in Rural Areas
- Prdmgtiqniof Agricu.llurai Davelopment
Promotiongof Réépurcé Deve!io;jmgnl :

~ -+ Balanced Developmenl of the Area



CHAPTER 3 CANDIDATE ROUTES AND SITES FOR THE MEKONG RIVER

3.1

3.2

BRIDGE
Road Nelwork in the Sludy Area

There are three candidate locations each al Neak Loeung, Prek Tamak and Kompong
Cham, and each location has iwo alternalives lotaling six alternative rbujes.

* Road network in the Study Area refating o candidate routes is presenled below.’

5
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Alternalive Roules for the Maln Bridges

Neak'Loeung

Tha two alternative routes considered for this bridge are: A-1, norih of the existing ferry
line, over Phnum Khnong island; and A-2, south of the ferry, near the town of Neak

o



3.3

Losung. The A-2 crossing is the shories_t in the vicinity of Neak Loeung , with a river
width of about 880 m. A-1 is considerably longer, about 1,800 m frons river bank to
river bank, consisting of two channels separated by Phnum Khnong island. The
eastern, main channel is about 575 m wide, and the western, shaliow channel is about
255 m wide, for & tolal river width of 850 m.

Prek Tamak

The two alternative routes were considered for this crossing: B-1 and B-2. The B-1
route is localed north of the existing Prek Tarhak ferry line and south of the town of Prek
Tamak. The B-2 route is aclually located some 20 km south of Prek Taniak, just norih
of the Svay Chrum ferry service near Phnom Penh. The river widths at 8-1 and B-2 are
aboul 900 m and 1,030 m, respeclivaly.

Kompong Cham

The two alternative routes considered for this bridge are C-1 and C-2. 8oth ara located
north of the existing ferry linés. The Mekong river is abou! 820 m wide at C-1 and
1,200 m wide at C-2.

Road and Bridge Inventory Survey

All project area roads were visited several limes by the Study Team in April, May, and
June 1985, Surveys to assess the physical condition of roads and bridges in the
project area were conducted in mid-May and early June 1995.

" Road inventories were prepared for the perlinent sections of Routes 1, GA, 6, 7, 1,
- 315, and 151, totaling aboul 505 km. Road characteristics noled by the Study Team

include type of terrain; road width, type, and condition: shoulder width, type, and
condition; embankment heigh, condition, and sufficiency; and the main features of the

* land within the immediate vicinity of the road.

A bridge invenlory survey was conducted simultaneously during the carrying out of the

road invenlory survey to evaluate the physical condition of bridges atong the lfollowing
project area roads: Route 1 [rom Phnom Penh to Neak Loeung; Route 6A; Route 6
from the junction with Route 6A to that of Route 7; Route 7 from the junction with Route
6 to Kompong Cham and from Kompong Cham (o the junction with Route 11; Route

" 11; and Roule 315.

'Bridge inventory work included following identification; bridge location on a map, bri'dge

length, total width, carriage way width, bridge type, condition of bridge and photograph
record.

__13.;



CHAPTER 4 TRAFFIC FORECAST

4.1

Tralfic Studies

Five types of traffic surveys were conducted in the study area encompassing the three
potential bridge sites (i.e., Neak teoung, Prek Tamak/Svay Chrum, and Kompong
Cham). These lraffic surveys inctuded traffic count susveys, origin-destination (OD)
interview surveys, ferry waiting time surveys, ferry operalional characteristics surveys,
and goods movement surveys.

Tratlic counts were conducted for this study at 17 focations in the Study Area from 30
Apritto 14 May 1995, including the Neak Loeung Ferry, Svay Chrum Ferry, Prek Tamak
Ferry, two Kompong Cham terries (one private, one public), and Roules 1, 6A, 7, 1,

151, and 315; each localion was surveyed for a seven day period, 12 hours per day

(i.e., 06:00-18:00), with volumes recorded at hourly intervals for 13 dilferent vehicle
fypes. The highest vehicular tralfic volumes were observed along Routes 1, 6A, and 7,
with vehicular ADT volumes fincluding motorcycles ang non-motorized vehicles) ol

' 4,870, 5,440, and 4,420, respecnvely.

For the lerries, traflic is highest al Neak Loeung, foliowed by Kompong Cham, Prek
Tamiak, and Svay Chum. The majority of vehicufar traflic crossing the Mekong Rwer
consists of non-motorized vehicles (NMVs) and motorcycles, with 25.2% and 58.8%
vehicular traffic shares, respeclively. By contrast, sedans, trucks, and minibuses/buses
tepresent 6.4%, 1.9%, and 5.3% of the total vehicular river crossing volumes. '

Vehicle ulilization rates, determined from the QD survey resulls, were calculated for 10
dillerent vehicle types at the Neak Loeung, Svay Chrum, Prek Tamak, and Kompong
Cham (MPWT) ferry crossings. Most vehicles have re1ahvely high personfpassenger

' occupancy rates. Consider, for example, that the overall average occupancy | ist.b
_persons for motorgycles, 4.5 for sedans, and 6.1 for four-wheel drives (4WDs) and :

slandard pickups. Also, 3- axle and 3+ axle trucks at Neak Loeung tend to be heawly
loaded with an average 8.6 and 17.4 tons of goods, respeclwely, significantly more -

than truck loads at Kompong Cham. The reason for this discrepancy appears lo be that

a signiicant number of emply trucks are hired in Kompong Cham; these emply lrucks
cross the Mekong via the Kompong Cham MPWT ferry 1o the east side of the river
where they are subsequently loaded with malerials, which the trucks then haul to Svay

. Riéng and’or Phnom Penh via Route 1.

The percentage shares of different vehlcle trip purposes and types ol commodmes
also ascertained from the OD survey results, were datermined for NM\.’S motorcycles,
sedans, and 4WDs/pickups al the four main ferries. In nearly ali cases, trips made for
personal business reasons are those most frequently observed al the four locations,
with shares ranging from 27% to 87%. Al the Neak Loeung, Prek Tamak, and
Kompong Cham lerries, a relatively high proportion of 4WDs!pickups function as shared
laxis: 32%, 26%, and 33%, respeclively. Out of the our ferries, commuling lrips
represenl the highesl proportion of total lnps at the Svay Chrum Ferry. Also, al the
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Svay Chrum and Prek Tamak ferdies, a relatively high hrbporlion of trips made by sedans
were for family/social reasons, with shares of 27% and 22%, respectively.

Tha percentage shares of different commodity types hauled by all vehicle classas at the
four ferrias were also calculated. Manufactured goods and agriculiural products are
frequently transported at alt four ferries, with shares of manufactured goods ranging
from 19% to 26% and those for agricullural products ranging from 17% to 35%.
Construction materials are also commonly ocbserved at Neak Loeung {18%), while
food/drinks are prevalent at Svay Chrum (31%) and Prek Tamak (29%). The Kompong
Cham (MPWT} Ferry bad the highest propodion of goods classified as other (22%).

As referred to earier, a comprehensive OD survey was conducled at the Neak Loeung,
Svay Chrum, Prek Tamak, and Kompong Cham (MPWT) ferry locations in conjunclion _
with the traffic count surveys lor seven days, 12 hours per day, al each location. This
survey, therefore, covered the majorily of transporl crossing the Mekong River. Drivers
of vehicles waiting to board ferries at both sides of the river were quéstioned regarding
(1} trip origin, {2} trip destinalion, (3) time left origin, {4} expected arrival time at
destination, {4) vehicle capacily' in tons, (5) load in tons, (8) lype of cargo, {7} trip
purpose, and {8) average number of round trips per week. Surveys alse recorded the

vehicle type, occupancy, and time of interview. A fotal of 21,523 inlerviews were .

conducled, makmg this survey the !argesl ol its kind in at least 20 years.

A lotal of 34 zones were adopted; mosl zones correspond to provmclal boundanes _

For the purpose of this study; the provinces of Kandal and Kempong Cham were
subdivided along the Mekong River, Kandal province was further divided into NW.
Kandal and S. Kanda! at Phnom Penh. Prey Veng province was splitinto N. Prey Veng
and S. Prey Veng lo enable analysis of the polential diversion of trips between N. Prey
~ Veng and Phnom Penh from the Neak Loeung Ferry to a possible bridge near Prek
- Tamak.” The cities of Sihanoukvitle, Ho Chi Minh Cily, and Bangkok were designated .
wnh exclusive zone numbers, as well as the border towns of Bavet/Moc Bai (Cambodla j
- Vielnamese border) and Poipet {Cambodian-Thai border). - *

: As expecled, OD combinations vary by vehicle type, with NMVs lraveling refatively short
distances, motorcycles making medium-distance trips, and other molor vehicles (e.g.,
sedans, trucks) lraveling longer distances. Daily tonnage from Phnom Penh makes up
43.5% of the total cargo tonnage crossing the river by ferry, and that to Phnom Penh

-represents 29.8% of the total. It is also of interest o note thal the eastern half of

“Kompong Cham Province is a more signilicant generator/attractor of passenger trips
and cargo tonnage than the wéstern hall, which contains the city of Kompong Cham.

During the carrying out of taffic count and O-D interview surveys, additional surveys
were simultaneously conducted by the Study Team to determine tha average
passenger wailing and on-board times at the relavant lerries. The MPWT Kompong
Cham Ferry provides the slowest service among the major lerries in terms of tolal river
crossing time; the Prek Tamak Feiry has the faslest service.
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With the preceding information, itis possible to estimate the capacities of the respective
ferries for this time of year {i.e., low water level) assuming they operate under reialivély
good, trouble-free conditions. The estimated capacities of the Neak Loeung, Svay
Chrum, Prek Tamak, and Kompong Cham (MPWT) ferdies are, respeclively, 120, 12, 12,
and 18 cars and trucks per hour for both directions. These figures highlight the
severaly limited capacities of all ferries except Neak Loesung {the private Kompong
Cham Ferry cannol transport vehicles larger than motorcycles).

Traffic Forecasts

Traflic forecasts were conducted for three future years (i.e..' 2001, 2011, and 2021) for
saven vehicle types {molorcycle: MG, passenger car: PG, light bus: L8, heavy bus:
HB, kight truck: LT, medium truck: MT, and heavy truck: HT). The forecast procedure

involved the lollowing: .

. development of scenario of population, economy, internationatl trade in
Cambodia is prepared for initial base case;

. normal and development trallic demand in the form of OD matrices based on the
estimated growlh rales by zone and vehicle type are forecast for domastic
passenger traffic, domestic freight traffi¢, international passenger tralfic, and
international freight traffic; :

+  diverted traffic frohj other modes are then forecast {or domestic passenger lraftic,
domestic Ireight traffic, international passenger lraffic, and international freight
traffic; : '

. bas:c lraﬂlc malnces are !orecast by summing the dwened traﬁlc OD malncas and

'the normal and developmenl lraiflc OD malnces. '

v

. _lhe reductlon of travel ume be'r_we__en cases with and without a Mekong bfi&ge are
eslimated, and induced tralftic in l'he‘ futire is forecast by applying elasticities with
respact to the reduclion of lime to the basic traffic OD matrices;

. fulure tralfic malrices by vehicle type are construcled by adding the induced
traffic OD matrices to the basic future tralfic OD malrices; and

. traffic volume at bridge and ferry points are then forecast by assigning the wraffic”
OD matrices in passenger car units (PCU} 10 the various networks (i.e., without
bridge, with Neak Loeung Bridge, with Prek Tamak Bridge, and with Kompong
Cham Bridge).

The MINUTP software was utilized for handirig OD matrices, perlorming Fratar
calculations, and computing the trallic assignments. MINUTP Is a suile of compuler
programs thal provide the capability 10 perform the usval functions of traditional

" transporl planning with regard to trip generation, distribution, and network assignment.

fiB“*



The rosulls of the traffic forecast are summarized in the table below. These figures are
for total tralfic, excluding MCs and NMVs, expressed in PCU. Note thal the refatively-
high volume of traffic at the Prek Tamak river crossing in 2021 for all cases except the
Bridge at Neak Loeung scenario is dus to the diversion of traffic from Neak Losung,
where traflic demand exceeds the maximum possible ferry capacity in that year.

Traffic Assignment Resulls for Normal and Induced Traftic In PCU
(not including MC)

Year Scenario -Neak Loeung Prek Tamak Kompong Cham

_ _ River Crossing -River Crossing  River Crossing
2001 No Bridge 1,540 j20 480
Bridge al Neak Loeung 1,790 110 480
Bridge al Prek Tamak 1,340 1,080 190
Bridge al Kompong Cham 1,540 120 610
2011 No Bridge 4,190 390 1,890
Bridge al Neak Loeung - 4,730 340 1,880
Bridge at Prek Tamak 3,510 2,280 940
‘Bridge at Komipong Cham 4,100 390 2300
2021 . No Bridge : 6,340 4,610 4,900
" Bridge at Neak Loeung 11,400 930 4,900
Bridge at Prek Tamak 6,190 7,700 2,890

Bridge at Kompong Cham 6,300 . 4,460 6,220
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CHAPTER 5 RIVER HYDROLOGICAL STUDY

5.1

River Hydrogy

River hydrological sludy gives very important informations to not only evaluate the
proposed bridge roules but also design the bridge struclure including approach roads,
because all of proposed six alternative roules are located in flood area of the Mekong
River.

During the first field works in Cambodia conducted from May to June 1995, the Study -
Team collected basic hydrological data such as climatological records and hydrological
records including gauge height al discharge on a daily basis observed at several gauge
stalions with cooperation by MPWT.

At the same time sile investigation was oflen executed for the purpose of recognizing
the actual conditions around the proposed roules.

Further, analysis on hydrological problems was elaborated on the base of these
collected datum.

In designing and constructing the bridge' structure, especially substructure, it will be B
considered that the most significant factor is determination of high and low waler level at
each proposed bridge site because the Mekong River has big water level ddierence
between dry season and rainy season.

Referring to observed hydrological datum at gédge\stat?ons hehrby proposed bridge
site, probable flood and low water level was estimated as shown in Table 5.1 and 5.2

Table 5.1 Probable Flood Water Lequls'_ at Allerinati;.'e i}ridg’e_}Sites

Return - . WalerLevel (abovéMSL) ;

Penod Rompong Kompong Prek Tamak Prek Tamak Neak Loeung Neak Loeur;g_
Cham Cham ‘ JSvay Chrum
lyears)  (5.9) (C-2) (B-1). (82 . Ay (A2)
13.72 13.66 10.02 8.87 675 671
14.35 14.29 10.57 9.40 7.22 _ 7.18
10 14.64 14.58 10.84 966 . 745 7.40
25 14.92 1485 110 - 991 768 . 783
50 15.07 15.00 11.26 £ 40.07 a8t 7177
100 15.20 15.13 11.39 " 10.21 793 789

Source: JICA Study Team
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5.2

Table 5.2 Probable Low Waler Levels at Alternative Bridge Sites

Relusrn Water Level (above MSL)

Period Kompong Kompong Prek Tamak Prek Tamak  Neakloeung Neak Loeung
Cham Cham {Svay Chrum
{years}  (c.1) (C-2) (B-1) (B-2) (A-1) (A-2)
0.98 0.98 0.78 0.66 0.54 0.53
5 0.82 0.82 0.69 0.59 0.49 0.48
10 0.73 0.73 0.64 0.56 0.45 0.45
L 20 '0.66 0.66 . 0.60 0.53 043" 0.43

‘Source: JICA Study Team

River Morphology

River channel condilions were also studied at each six proposed bridge sites.
‘corresponded 1o six alternative routes, reflecting findings at site survéys together with
resuits of balhmetric surveys. - '

-1n order to understand the flooded circumstances to the overall study area, the Land
Sat Map using salellite remole sensing data was produced for analysis.



CHAPTER 6 GEOLOGICAL SURVEY FOR CANDIDATE ROUTES

Geological survey was conducted for six alternative routes. These geologica! drifling
resulls show that the geology of the study area comprises Alluvium formation, Dituvium
formation, Terliary farmation, and Mesozoic {formation. Except tor tertiary formation,
these formations are each divided into the sand layer and clay layer.

Suitability for bridge foundation is shown in Table 6.1

Table 6.1 Geological Formation for Bridge Foundalion

Geological Age Fermalion Déscriplidn ~ Suitability for Foundation )
Holocene Alluvium Clay (Ac), Sand (As)  Not suifable

Pleistocene Diluvium Clay (Ds), Sand {Ds}) = Not suilable

Tertiary BasallicLava  Basaltic Rocks (lb) Suitable

Mesozoic Sandstone Hard Clay (Mc) Svitable

Weathered Ss (Ms) Suitable

Geological Site Conditions
(1} Neak Loeung

“The geology ¢an be described as Alluvium deposit (As), Diluvium sediment {Ds),
and Mesozoic Sandstone (Ms) as the base rock along the At route. Alluvium
deposit (As) composed of sand is observed on the ground surface. Diluvium
sediment lies beneath the Alluvium deposit (As). Diluvium sediment (Ds) also -
comprises sand. Soma drilling resulls show that the N-value of this sedirheni
according lo the Standard Penatration Test, ranges from 1010 40. The Mesozoic
sandstone formalion is dislributed below 1he Diluvium sediment. This (o:mahon is
- formedby a hard clay layer and a weathered sandslone layer. : :

The geo1ogy can be also descnbed by Alluvium deposit (As), D:Iuwum sedlmenl
{Ds}), and Mesozoic Sandstone (Ms) as the base rock along the A-2 roule. The
Ditluvium sediment {Ds) lies underneath the Alluvium deposit (As). Some dnifling
resulls show thal the N-value of this sediment, according to the Standard
Penelration Test, ranges from 10 10 40." The Mesozoic sandstone formalion is
distribuled below the Diluvium sediment. This formation is formed by a hard clay
layer and a weathered sandstone layer. Therefore, the foundation for the bndge
would be 30m below the ground surface.

{2} Prek Tamak

The geological conditions along B-1 and B-2 route al the Prek Tamak Sile are
generally simifar to those of the Neak Loeung site. Along the B-1 and B-2 routes,
the thickness of Alluvium deposit (As ~ Ac) is estimated at aboul 10-15 m below
the ground surface. The Diluvium sediment (Ds) lies below the Alluvium deposit
(As ~ Ac}. Some drilling resulls show that the N-value of this sediment ranges
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from 10 to 40. The Mesozoic sandstone layer (Ms), is below the Diluvium
sediment. The top surface line of the Mesozolc sandslone layer (Ms) is uneven
due o past scouring of tha old Mekong River.

Kempong Cham

At the Kompong Cham site, the geological condilions are diflerent between the
C-1 and C-2 ioules.

On the right-hand side of Mekong River (i.e., wasl bank), Basaltic lava (Tb) can be
observed on the ground surface along the C-1 route. This lava (Tb) with several
joints comprises hard basall rocks of Lats Tertiary Era.” The steeép slope of the
waslern iiv_er bank demonslrales that the oulcrops of this lava are on that slope.
This lava (Tb) is suitable for bridge foundaltion.

‘On the left side of the river, the geological conditions can be described by

Sandbar deposil (Sb), Alluvium deposit (As), Diluvium sediment {Ds), and
Mesozoic Sandstone layer (0s) as the base rock.

Basallic lava (Tb) is nol observed on the right-hand side of the Mekong River
along the C-2 roule. The geclogy along the C-2 route can be described by
Alluvium deposit {As), Diluvium sediment {Ds), and Mesozoic Sandstone {Ms) as
the base rock. The thickness of Alluvium deposit {As) is 10~20 m from the
ground surface. The Diluvium sediment (Ds) lies underneath the Alluvium
deposit. Some drilling results show that the N-value of this sediment, according
to the Standard Penetration Test, ranges from 10 1o 40; the thickness of the layer -
is greater than 10 m. The Mesozoic sandstone formation {Ms) as base rock is
distribuled below the Diluvium sediment. - This formation {Ms) comprises a
weathered sandstone layer. Although the Mesozoic sandstone formation (Ms)
was confirmed by the drilling tests In the river, the lop surface of the base rock on

~ the right-hand side along the C-2 route is estimaled to be aboul 50 m below the

ground surface due to the scouring of the old Mekong River.



CHAPTER 7 PRELIMINARY PLAN OF THE BRIDGE AND ROAD FOR
CANDIDATE ROVUTE

The three main candidate locations subject 1o bridge plan comparisons are the Neak
Loeung bridge route, the Prek Tamak bridge route, and lhe Kompong Cham bridge
rouls. Each candidate location has two alternatives; therefore, there are six routes in
1otal under the following bridge planning conditions.

(1)  Navigation Clearance

Locations Veriical Clearance {ni) Horizonlal Clearance {m)

Neak Loeung 37.5 175
Prek Tamak 15.0 90
Kompong Cham 15.0 ' 90

" {2) - Typicat Cross Section

Bridge : Tolal Width 13.50 m
' (Carriage way: 7.00m, 2 motorcycte way: 2x1.80=3. 80 m
- and 2 pedestrian wakk and rail: 2x1.35=2. 70m) -

' Approach . Total Width 13.50 m S - :
© (Carrfage way: 7.00 m, 2 motorcycle way: 2 x250=500m
and 2 Shoulder: 2x0.75 = 4 50 rn)

Based on the results of bathymetric, geological and river hydro1og|cal suweys each :
rou!e was compared with two allernalives considering design span, slruclural

: aesthetlcs construchm peuod and method, maintenance aspect, conslrucllon cost :
elc The superslruclure for each route Is selecled as be!ow D :

' Roule Type of Superstruciure Lo

A-1 " Prestressed-Concrete Cab!e Slayed Bndge

A-2 Prestressed-Concrote Cable-Stayed Bridge

B-1 Prestressed-Concrete Box-Girder Bridge
B2 Prestressed-Concrete Box-Giider Bridge
G- _ ' Suspension Bridge

C-2 _ Prestressed-Concrele Box Girder Bndge

Foundalson concept was envisaged a multi- column pile foundation conmdenng lhe
variation between the highest and lowes! water leve! {approximalely 7.5 m ~ 14.5 m),
" deep water depth, and bearing fayer overlaid by alluvial deposits.



Approach roads for each route were planned as below:

Unit: m
Route Western Approach Waestern Approach ____Tota
A-1 910 2,510 3,420
A-2 1,276 1,470 2,740
B-1 450 1,305 {59,000) 1,755
8-2 1,300 1,440 {65,500) 2,740
C-1 380 3,335 3,715
c-2 500 2,600 © 3,100

Remark: Figures between parentheses are length of conneéting road to Roule 11.
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CHAPTER 8 PRELIMINARY EVALUATION FOR:CANDIDATE ROUTES

Overall evaluation regarding six alternative routes has been summarized as shown
below.

" Final Evaluation was conducled, taking following crileria into considerations; i) Project
Cost, ii) Economic Internal Rate of Return (EIRR), iy Concordance with the Nationa!
‘Regional Development Strategy, iv} Formalion of an Inlernalional Network and
Promolion of an Open-Market Economy, v) Promotion of Public Welfare and vi)
Environmental Impacts. After taking these critical factors into account, it can be
conducted that C-2 route has significant advantages over the oiher five alternatives in
the following points: i} Optimum Cases under Budgetary Constrains and ii) Broad
Indirect Eftects.
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OVERALL EVALUATION OF ALTERNATIVES OF THE MEKONG RIVER BRIDGE

[ : NEAX LOEUNG : PREK TAMAX KOMPONG CH
. Bridpe route crpssing Mekong river e A-1 R A-2 — B-1 B.2 C-3 —
General Width of fiver o 1626m __Bésm 673m 234¢m 547m
- [information Deoth of River approximately 25m approximately 25m Aporodmately 30m Approximately 24m aopoproximately 55m
of Route Existing Road 1o ba connedted A1 R - R-315 o R-315 N R7
Verical Navisational Clesrance 37.5m 37.5m 15.0m 15.0m - 15.0m
Horizontal Navigational clearance 175.0m 175.0m 90.0m N 0.0m $0.0m .
Type of Struclure PC Cable Staved Bridoel3soan continuous 1 box cirder} |PC Cabie Stayed Bridoef3soan continuous 1 box sirder) PC 5 Span Continuous 1 Box 8ridae £C 7 Soan Conlinuoys 1 Box Bridae Singlé Sean Suspension Bridge
[Main Bridae : ___430.00m : 430.00m ~ 90433150+ 90=630.00m 9045@150+50=930m - -£00m
Structural Brigga | Aporoach Bridoe 30040+ 19@40=1860m 11@40+2@ (80+3504 100Y+ 11@40=1540m 5@40+45@40=490m 5@4046@40:440m ?@4%7@40-550(11
Aspects Lenglh Tolal 239%0m . 1570m 1036m 1,370m 1,060m
Bridoe Width . 13.50m $3.50m $3.50m . _135m 13.5m
Maxdmum Gradien! . 400% - 4.00% 4.00% . . 4.00% 4,00%
JLenath of Aparoach Road 69042,035:2,725m 98041,1002,030m 260+1,10021,360m{and R-315-86.7km) 200+1180=2080m{and R-315-68, 7k} 2404+2.850=3,190m
Suvoerstrugture [ Prestresed Concrele Cable Stayed Bodoe B Prestressed Contrele cable Staved Badoe =) Presiressed Concrele Box Bridee @ Prestressed Concrete Box Bridae A |Suspension Brdaelstee! stilfened airder) @
Construction  {Substructure A deep water depth A deep waler deplh A deep waler deplh A deep water depth % | vigdifarence of water level between dry & rainy season: | A
Works ) . ] high water cuaent: deep walardeplh
Approach Road Q ] : O X R-318 runs across fiooding area % R-315 runs across fleoding area A East side is Pooding area A
Consiruction Periad O 48months A 54months Q 42months . 8) 43months QO 42months Py
Maintenance Aspecls A requlred Cable Stayed Bridge sy . reguired Cable Stayed Bridoe @ | nolreauired special lechnical maintenance works | © not required special technical maintenance works & lreguired periodical repaint works lor Susoension Bridge - | @
Alr and Noise Pollution (0] Minor impacls caused by construction works O Minor impacts caused by construction woiks @ | Atthough minor impacts caused by the Increased watic ara] @ | Although minior impacts caused by the increasodiratfic are | O [Minorimpacis are anticipated due to consiruction | O
end increased lraffic vpiuma . and increased traffic volume aniitipated. the iumber of polulion réceplors are very smal. | anticicated, the number & polution receplors are very small works and Increased fraffic volume.
Environmental |Water Quality and Aauatic Ecology O | Minor Impacts caused by excavation of foundation] © | Miner impatts caused by excavalion of loundation] O Minor Impacts aused by excavation ef lsundation QO Minot Impacts caused by excavation of lurdztion O | Minor impacis caused by excavation of foundation | O
Aspecis CulwraVHistérica! Properties and A |Approach road close 1o school. 3 O |No significant impad @ |No significant impact & [No slgnificant impagt & |Aporoach road tiose to termple and some impacts | ©
Enavirohmental Aesthelics . ) on environmental aesthetics
Human Reseitlement Q |Few houses and farms are scatiered. O |Few houses and farms are scalteced. Q) JFew bouses are stattered. O |Few houses are scafiered. A (Some housas are stattered., A
Tratlic vo'ume per day inciuding bicycle and cycie 2305 2305 836 1276 : 1602
influgnce by |Economa innacts by lecatly procured materda's O aqoregale Q agoreoals O agaregate . ) aggreoste A agaregale Q -
Construction  {Teshnical Transler 8] relnforcement worket/unskilled worker &) reinforcement workerAnskiied wodker C _ reinforcement workerinskiled worker C reinforcement workerfunskilled workes O - reinforcement wivkerhunsidlled worker &)
Works Enployment Chanes by Project o) . . Q O i Q : e O O
' Accessibity to Remote Areas | O |improvement of accessibility to eastern bank O [knproverment of accessiblity lo eastem bank - @ llmprovement of 2ecessiolliy to eastern bank @ [Improvement of actessiblity o eastem bank 6 ' [Imorovemerd of accassiility o nostheastern Cambodia | @
Effpéls Travel Time Stabilily =] & <] =] : : &5 =)
on Traffic  |SavingIn Fery OperationGosts | @ 2] o] Q @1 . o
Travel Time o Q O . 0 . @ _|Large reguction of river-trossing ime @

. Savings In Trave] Time Costs | © |Laroe amount of ravel time savines © _|laroa amount of travel time savinas @ |Laroe.amount of travel time savinas in rainy season @ |Laraz amount of iravel bme §avinos In rainy season B |Large amount ol travel time savinas in rainy season] @
Etects by International Network @_|Network In GM$ Economls Cogogration Prooram | @ {Netwodk in GMS Economic Cooperation Program § A | - = A - : - ©_{Network in GMS Ecopornic Coogeration Program | &
Bridge Overpopulation in Caoltal 0 o 5 L&) C Q : Lo C @]

KN Eifects  |influenced Population 0 Q @ lLoceted near Phnom Penh O _|Locaied ngar Phnom Penh © |Populous area in Cambodia o Q
on - [AgricuturaliResource Developirent &4 : P . : O |Agrcultural development i the eastern bank O |Aprdeuturg] deveiooment Inthe ezstern bank O _IPromotion of development in nontheasiem Cambodit ©
Repional - |Market Orienled Economy - © _|Formation of intemational ade cormigor ©_[Focmatien of internationat rade coridor o] . : : Lo e : O _|intermational trade coiridor with Laos and Vietnam | O
Developmen] Balanced Regionsl Develoomers | A [ o © [Promotion of Regional development in easternbank | O [Promotion of Realonal development in eastera bank QO |Regional development in Nodheastern Cambodia Q
_;l'g_t_gl Prolect CostiMithon US$) ’ 130.04 1436 116.22(Bridoa & Approach 77.41/R-315 38 81) 177.27{Bridoe & Approach 105.23/R-315 72.04) 119.12
Econamic Evaluation (IRR) Q 9.40% O - 8.90% O 8.30% 0 5.49% fa 6.00% - Q
Overall Evaluation O A 0' x A

BiVeayGood O!Good A:Far X:Bad




IF ALTERNATIVES OF THE MEKONG RIVER BRIDGE

NEAK LOEUNG PREX TAMAK KOMPONG CHAM
iver A1 - A2 . B B-2 €1 c.2
1628m B48m 673m 934m §47m 978m
_______ N S _2oproximately 25m epproximately 25m Arproximately 30m Approximalely 24m . aoproximately 85m approximately 32m ]
R-1 R-1 R-316 f-318 I R7 R-7
a7.5m 37.5m 15.0m 15.0m 150m 15.0m _
e 3175.0m 175.0m 90.0m 0.0m 90.0m £20.0m
PC Gab.e Staved Bridoe(3span continuous 1 box pirder) |PC Cable Staved 8ridoetispan continuous 1 box girden) PC 5 Span Continuous { Box Bridae PC 7 Span Conltinyous 1 Box Bridge Sinale Span Suspension Bridoe PG T $pan Conlinuous 1 Box Brdoe
—_— 430.00m 430.00m - 90+ 33150+ 90-630.00m 90+ 5@ 150+ 30=330r : 500m 04 SE@150+90=-830m
30@40+19@40=1360m 11@40+2@(80+1504+ 100)4+ 1 1@40=1540m 5@40+5@40-400m 5240+ 6@40:440m e 7@40.71@40-560m 5@4045@40=400m
2390m . 1870m 1030m 1370m 1,650m 1,330m
13.50m 13.50m 13.50m 13.5m 13.5m 13.5m
4.00% 4.00% 4.00% 4.00% _ 4.00% 4.00%
60042.035<2,728m 980+1,100=2,680m 260+1,100=1,360m{and R-315=66. 7km) £00+1180=2080m({and R-31566, 7k} 34042 850=3,150m - 80042, 1502 530m
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CHAPTER 9 DE’(ERMINATION OF SELECTED ROUTE

The C-2 route was selected for the Mekong Bridge out of lhe six alternative routes in
the previous chapter. Based on the delailed survey along the C-2 route, the Siudy
Team was selected a new route (C-2) approximately 300 m downstream considering

following poinis.

- Land acquisition and compenéation cosls could be minimized.

- General scouring (i.e., lowering of the bed level) could occur along lhe
ongmal C-2 route. . :

- Construction of foundations in the deep river channe! could be avoided.
- Appkoach road with consideiab!y jarge through traffic congestion. '

The sefected route is shown in the ligure'belo_w.'
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CHAPTER 10 PRELIMINARY DESIGN AND COST ESTIMATE FOR SELECTED

M

e

ROUTE
Prefiminary Design

The main componenls of the proposed Mekong Bridge will be the main bridge,
approach bridgas and approach roads.

Inthis feasibility study, the Japanese standards and criteria will be applied for the

prefiminary design, provided thal wind, temperature, earthquake in the Japanese
critaria will be modified accordingly based on the Cambodian hatural conditions.

The main bridge is a @ span continuous P.C. box girder (7 spans x 120 m = 840 m
and 2 side span x 80 m = 160 m, toial length 1,000 m). the weslern approach
bridge is a 5 span connecting P.C. T-girder {5 spans x 40 m = 200 m} and the
eastern approach bridge is a 4 span connecling P.C. T-girder {4 spans x 40m =
160 m). :

In wastern approach road, the retaining wall has been prciVided lo contain the
embankment, thus minimizing the impact on the adjacen! properlies and
reducing the width of right of way. The length of approach road is approximately
256 m.

In eastern approach road, the conventional embankment will be applied with
batters of 2 to 1. The embankment will be protected from erosion for full length of
the embankment. The length of easlern approach road is approximately
1.980 m.

Cosl Estimalte

- .Profect cost estimate consisls of conslruction ‘cost, detailed design and

supervision cost, non-eligible costs {land acquisition and compensation cost,
taxes and duties, and MPWT's administration cosl), and contingencias
considering the following assumptions.

{a} The total period of conslruction is 3.5 years (42 months}

(b}  Cost estimate Is made at the price level as of the end of February 1996.

{c) The foreign currency exchange rales are assumed to be;

" US$1.0 = Yen 104.85 = Bs 25.19
{d) Malerials and equipment, which cannot be procured in Cambodia, and

basically imported from Thailand, except special materials and equipment
for large scale bridge.

—2r-



{e} Itis assumed that the projecl is underlaken by a international Contractor
selected in a compelilive tender under the supervision of a Japanese
consultant.

The tolal project cost is estimated at US$$79,678,000 (US$51,003,000 for
foreign portion and 28,675,000 for local portion) and summarized below:

Us$ x 103
No. Hems Foreign Local Total
1) Construction Cost 43,333 21,465 64,798
. 9)  Engineering Fee 3,033 1,503 4,536
3) MNon-Eligible Cost - 3,100 3,100
- Land Acquisition and 1,020 1,020
Compensation Cosl
Taxes and duties 1,899 = 1,899
Administration Cost of ' 181 181
MPWT |
4)  Contingencies 4637 2607, 7,244

5y  Total ProjectCost 51,003 28,676 79,678

—28—
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CHAPTER 11 ENVIRONMENTAL IMPACY ASSESSMENT

Environmental impacis possibly caused by this bridge constiuction project have been
studied at two dillerent stages: Initial Environmental Examination (IEE) and
Environmental Impact Assessment (EIA). These two studies are presented in Ghapter
8 and 13 of this Draft Final Report, respectively.

IEE identifies probable environmental parameters which will be affected by the project
implemenlation and evaluates the magnitude of impacts on the idenlified parameters,
mclud:ng alr and noise populalion, waler quality and aguatic ecology, human
reselilement, soil erosion and siltation, culturalhistorical properties, environmental
aesthetics, and transporiation system. |EE also concerns environmental ranking of
originally proposed six candidate bridge construclion locations and suilability of these.
alternatives are evaluated.

Based on the results of IEE, a1 EIA stage for the selecled bridge construction location,

- existing conditions and predicted impacls on major environmental parameters are
studied in depth, assessment of these impacts are made, and feasible mitigation
measures and recommendalions, as well as moniloring programs, are proposed.

It is studied from the enlire analysis thal the magnilude of adverse impact on the
envirohment is mixed. Some environmental parameters will be affected to some extent,
while others have minor impacts. For example, some areas on bridge approach roads
need to be expropriated, causing human relocation problems, while impacts on the rest
of parameters have been found minimal. Al the environmental paramete:s will be
adversely aflected in somae degree by the project mlpiemenlahon However, adverse |
impacls on these environmental parameters can most ilkely beo mitigated by the
provision of proposed countermeasures and monitoring programs and no serious .
envaronmenial problems are expected in the fulure,

Consequently, overall env:ronmenlal nmpacl caused by lhIS bndge conslrucl:on projecl
is evaluated to be minimal only if all the proposed mitigation measures and monitoring 1
programs are properly implemented.



CHAPTER 12 ECONOMIC AND FINANCIAL EVALUATION

12.1

Economlc Evaluation

The economic analysis has been conducted on the basis ol a "wilh" and "without”
comparison. The economic benefits of the Project have been quantified in terms of
time cost savings aftorded to passengers and freight that now cross the Mekong by
ferry, and vehicle operating cost (VOGC) savings in terms of reduced vehicle-kitomelers
traveled and avoidance of ferry fares by vehicles that now cross the Mekong by ferry.

Tima costs savings were calculated for passengers and freigh! by vehicle type. I is
important to note that the benelits as changes in consumer surplus for induced traflic
were valued at hall of that for normal lraffic. The time cost savings for both passengers
and freight wera then estimated o be US$0.9 mitlion in 2002, US$5.4 million in 2011,
and US$17.2 miltion in 2021.

Vehicle operaling cost savings were determined by vehicle type in terms of reduced
vehicle kilometers traveled and avoidance of ferry fares. Again, the benelits as
changes in consumer surplus for induced tralfic were valued at halt of that for normal
traftic. The VOC savings for reduced vehicle-kilomelers traveled and avoidance of ferry
fares were then estimated to be US$0.7 million in 2002, US$2.8 million in 2011, and
US$6.2 million in 2021. Because this econornic evaluation includes benefils due to the
avoidance of ferey lares, the savings in avoidance of ferry operating and improvement
Cosls were echuded

To|a1 cosis include (i) the capital investmenl expendilures excluding taxes and dulies

. disbursed over the fiva-year construclion program period of 1998-2002 (total cost of

US$77.8 million); {ii} periodic bridge and approach road mainlenance and repair coSIs

: incurred in 2011, 2021, and 2031; and (i} annual bridge and- approach road
mamlenance and repalr costs of approxumaiely US$1,800 per year.

The EIRR was lhen_ estimated Io be 9.5 per cenl: The resu!ls ol the sensitivily ana'lysisl .

~ indicate thal the EIRR in the worst case scenario (i.e., costs increased by 10% and

benefits reduced by 15%) is 8.0 per cent. The 8.5 per cent EIRR in the base case was

~ determined via an analylical approach that adopted conservative cost and beaelit
figures as inpul data.

-'Although the bridge proposal appeérs' to have a marginal economic retum on
" investment, it is important 1o restale that the construction of a Mekong Bridge at
" Kompong Cham will not only reduce transporl coslts, but will also serve as a calalyst for
* economic growth. The potential for expanding agricultural and industrial production in
~ this region is very high. {n addition, the bridge will certainly induce an increase in value-
" added of various sectors of the economy other than agriculture and minerals, such as

commarce and indusley. However, quantification of these components is also
exiremely difficult given the level of usable data.

Although il was not considered possible to forecast the magnitude of development
benelits with any confidence, they will most likely be signiticant. ' In light of these

gy



12.2

potentially large development benelits and the base EIRR of 9.5 per ceni (which does
nol include development benefits), it is believed that the Project is economically viable.

Financial Evaluation

The Cambodian Government's fiscal position remains extremely weak as the tax regime
and coflection system have not been prepared in line with the changing economic
sinicture. Although sonie progress has been made in recenl years, it will take some

“ime for the situation to signilicantly improve. Public revenue in 1994 was estimated at 7

per cent of GDP, whereas public expenditire was estimated at 15 per cenl. Therelore,

“at preseni. foreign bilaleral and multilateral aid accounts for about 40 per cenl of the

national budgel. The Government will have to continue relying on foreign aid tor some
time to come.

Based on the required disbursements for each year of Project implementation, a total of
US$51.0 million in foreign currency will be required, while the remaining Project cost of -
US$28.7 miliion should be paid in domestic currency. Estimated year by year
disbursements are US$7.3 million in 1998. LiS$19.9 million in 1998, US$26.1 million in
2000, US$20.8 million in 2001, and US$4.7 million in 2002. These figures can be
cornpared wilh the total national L. dget of US$460 million in 1995 and the total MPWT
budget of US$12.2 miltion for 1994 and an estimated US$9.8 million for 1995,

Alter calcufalmg a Izkely hnancmg plan under very lavorable loan condmons, it was
determined that debt service would be more than 20 per cenl of the entire MPWT
budget from 2001 to 2011. This is clearly an untenable situation as far as MPWT's
budgetary allocation is conceined. - Therefore, it is strongly recommended that exisrnal
hnancmg withoul debl service obligation be sought for !he 1mplemenlatson of |he
Projecl. i



CHAPTER 13 IMPLEMENTATION PROGRAM

_Assuming the time of commencement of this project is lixed an implementation program

is prepared as shown below:
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CHAPTER 14 CONCLUSIONS AND RECOMMENDATIONS

According to this Feasibility Study on Constriclion of Mekong Bridge in Kingdom of
Cambodia, which presents the resuits of numerous economic and engineering studies
(e.g., tralfic surveys, topographic surveys, bathymetric surveys, geological surveys,
river hydrological sludies, environmental examinations, design calculations, and cosl
estimales), the lollowing conclusions and recomendalions are ollered:

1. A bridge crossing the Mekong River will have crucial imporlance on nol only
accelerated development of the transportation sector but also on overall
development of the economy in Cambodia and especially eastern regional
development.

2. Functiohs of a Mekong Bridge can be expecled as follows:

1) Improvement of Accessibility between Phnom Penh and Remole Areas i.n
" the eastern regions ' o

2) . Improvement of the International Road Network
3) Promotion pt a Market-Oriented Economy

- 4) :Upgradlng of Living Standards in Rural Arees |
5) ‘Promotion of Agricultural Davelopment

. 8} Promaotion of Resource Deveiopment

7 Balanced Developmenl of the Gountry :

3. Accord:ng to Ihe ltalflc surveys m May 1995, average daliy Iraffac was obsewed to -
be 970 80 and 260 PCU (nol mcludmg motorcycles or non- motornzed vehlcles) '
althe Neak Loéung, Prek Tamak and Komipong Cham Ierry stal:ons respecllvely
Future Traltic in the year 2011 is expacted to be 4,110,.390 and 1,890 PCU al
the Neak Loeung, Prek Tamak and Kompong Cham without bridge.

4. There are three candidale locations, namely Neak Loeung, Prek Tamak and
‘Kompong Cham_. _Each candidate location having two allernative roules was
sfudied for the purpose of selecting the oplimum roule 'among‘ these six
alternatives. In consideration of project cost, EIRR, concordance with national
regiona! development slrategy, formation of an international network _ahd
promotion of an market-oriented economy, promotion of public welfare, and
environmenial impact, it was recommended that the Kompong Cham route, which
passes through nearby C-2 route, has significant advantages over the other five
aliernatives.

5. In addition, the location of the final coute was slightly shiited downsiream by
approximately 300 m from the C-2 route and named the selected route (C-3)
" according o the lollowing reasons: 1} to minimize social impacts and reduce the



coslt of land acquisition and ¢ompensation on the Kompong Cham sida due to
construction of viaduct and approach road, 2) 10 avoid general scouring which
could occur along C-2 route, 3) to aveid construction of foundation in deep river
channel.

Eavironmental study examines probable impacts of this bridge construction on
the environmeni, regarding ldonlified environmental parameters. All the
environmental paramelers will be adversely affected in some degree by the
project implementation. However, adverse impacts on these environmental
parameters can most likely be mitigated by the provision of proposed counter
measures and monitoring programs; consequently no serious environmental
problems are expected in the future. '

As a result of the engineering sludies and preliminary design, the following plan is
recommended for the Mekong River Bridge:

Location of Bridge: Kompong Cham
Navigational Clearance: | 15.0m from high water level -
Bridge Widih: - 13.5m

"Road width; ‘  tosm

‘Sidewalk: e ~ t.1mon both sides

Tota! Bridgé Leﬁgfh:, B 1,360m

Main Bridge.

Typef Cast-in‘silu Prestressed Concrete Continuous Box Girder

: Span Arrangement: 8047@120+80=1,000m

“Approach bridge _
Type:  Prestressed Conerele connecting T-Girder

Span Arraﬁg‘ement:

- Kompong Cham side: 5@40=200 m

EastBank Side:  4@40=160 m
Approach Roads
Roadway: 7.00m
Sidawalk 0.75 m on both sides

Total Length: 2,238 m

35~
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11.

2.

Kompong Cham side 257 m
East Bank side 1,981 m

Land acquisition and compensation is to be undertaken by the Government of
Cambodia priof to the commencement of the construction works.

According to the hydrological study, the average difference between the highest
and lowest water level is around 14 m at Kompong Cham. In order to make the
besl use of the dry season {trom December 1o May} in the initial construction
works, it is recommended that mobilization of the works be scheduled to begin
with beginning of Octaber.

Conslruction period is eslimated lo be 42 months (3.5 years) on the condition '

that actual commencement of mobilization works starts at October.

Total project cosl is estimated to be US$79.678 miillion in the end of February
1996 prices in which foreign cumrency portion is 64% and local currency portion is
36% '

The_economic evaluation determined that the Mekong Bridge al Kompong Cham
is economically justifiable. Although the bridge proposal appears 1o have a
marginal economic relurn on investment when looking 6n1y at its {mpacl on
reduced transport costs, the Project will also serve as a catalyst for economic
growth. ‘While it was not considered possible to forecast the magnitude of-
developmenl benefits with any confidence, they will most likely be significant. In
light of these po!enhally large development benelits and the base EIRR of 8.5

‘per cent (which does not include development benefus). it is believed lhal the

Pro;ecl is economscaily wabie

Based on resuns ol lhe economic eva!uahon and the hnancaal evaluation, whsch,
itlustrated Lhe sovere financial conslralnis of serwcmg a‘'domestic loan even under .
very favosable foan conditions, it is strong!y recommended that external fmancmg
wilthout debl service obligation be sought for the implementation of the Project.

In conclusion the Study Team considers that conslruction of the Mekong Bridge al
Kompong Cham is lechnically and economically feasible under proper finance and
accordingly recommends thal it be immediately |mplemented :

.36
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