CHAPTER 9 PRELIMINARY COST ESTIMATE FOR THE CANDIDATE ROUTE

8.1

9.2

9.2.1

. 9.2.2

9.2.3

Gerneral

The preliminary cost estimale was determined according to estimates of construction
cost, engineering service cost, land acquisition and compensation cost, conlingency
and maintenance cosl. The objective of the cosl estimate is o select the optimum route
as one of several criteria among six (6) alternative roules. This chapter presents the
construction plan envisaged at each allernative route and by bridge lype, project cosl
estimates and lotal project costs comparing the six (6) alternative routes.

Preliminary Conslruction Plan-

Basic conditions for a Preliminary constiuction plan were described in Appendix 9.1,
which consists, (1) Procurement of Construction Materials, {2) Construction Equipment,
(3) Transportation Plan, and (4) Working Cenditions. This section presents preliminary

" bridge construction plans used to estimate conslruction costs for each alternalive route,

Tentalive Construction Schedule

The lotal period for conslruction is expected to be 3.5 years (42 momhs) for alternalive
roules B-1, C-1 and C-2, 4 years {48 months) for routes A-1 and B-2, and 4.5 years (54
months) for routes A-2, respeclively. ~ A preliminary conslrucleon schedule for the
alternalive routes is shown in Figure 9.1.

Construction Facilitles

~ Construction facifities, ‘such as a concrele batching blam a crushing and screening K

plant, a fabrication yard for precast prestressed concrele (PC) T- Glrder and stockyards :
for materials, would be déveloped near the selected bridge construction site. The area
requnred for these construction facilities will be obtained atong the river edges with
embankments up lo the high water levels for A route and 8 route. Howaever, for C route
it will be diflicult to use the area in the city of Kompong Cham. It is considered thal
temporary quays would bé constructed for ioading and unloading conslruction matesials
and equipmenl' directly or the construction siles,

Foundalion and Subslructme

For deep river water condmons the multi-column pite foundation built aocordmg to the
permanent casing construclion method was prehmmanly selecled in section 9.2.
Because it is not appropriate to construct a temporary staging area in the deep river from
an economical viewpoint, a self-elevating plattorm (SEP) will be used for the staging of
foundation works. The construction procedure for multi-column pite foundations is as
follows:
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5.2.4

(1) A steel casing is driven to a prescribed depth by a vibralory hammer on the self-
elevated platiorm. Afforded protection from river currents and waves due to the
casing, a shall with a diameter of 2.0 mis then excavaled with a reverse circulation
drill. The reinforcing steel cage and shait concrete are then placed in the inner
casing.

{(2) These lirst lwo sleps are repeated until all of the concrele-fitled steel columns for

each respective pier are compléted; subsequentiy, the supporling bridge frame

~or pier cap {consisling of beams, struls, wales, and forms) is assembled on the

columns. Shaft and pier cap concrete are placed by a concrele batching plant
located on a barge.

The conslruction period of the multi-column pile foundation is estimated at 6 months
per pier (1 month for preparation, 3 months for column/pile construction, and 2 months
for column/pite cap and pier construction), with each major pier consisting of at least 20
composite columns.

Cohcrefe for the bridge foundation and subslructure {pier and abutment) will be placed
by a batching plant.

Superstructure

" The three different types of superstructure for the main bridge, as considered in this

study for the six alternalive roules, are {1) suspension bridge, (2} PG cable-slayed
bridge, and (3} continuolis PC box girder bridge. Construction plans envisaged in this

 stage are described below:
() Suspensnon Bndge

' Stnffenmg truss members for a suspension bradge are manufactured in Thanand and

Singapoie and could be transported to the site. Wires for the main cable are ':
manulactured in factories; where they can be wound onto reels and Shipped {o the site.
This wire is erected by using the air spinning rne_lhod and banded into & paralle! wire '
cable. Stifiening truss members can be erected at tower portions by a crawler crans.
The stiffening truss is expanded toward the center by a traveler crane or some other
ereclion machinery installed on the stiffening truss. The suspenders belween the main
cabla and the stiffening truss are equally spaced and vertical.

Portal-type lowers would be made of reinforced concrete to reduce construction cosls.
The towers must resist the forces imposed by the main cables in addition to the direcl
gravily and wind foads; therefore the concrete of which il is formed must be of high
strength and the accuracy of consirucllon must be precnse To maintain this accuracy, a
slip form, which consisls of a form I:mng. working plalforms, jacks, climbing rods, and

“conlrol equipment; is used for tower construction. The jacks pull the slip form

continuously and gradually upward.



{2) = Cable-Stayed Bridge

With a cable-staying arrangement, the harp layout is selected for the proposed PC
cable-stayed bridge at A-1 roule and A-2 route. This design reduces the risk of tower
instability; it also involves simpler conslruction procedures.

The stay cables, which are necessary 1o protect against corrosion, are made of stranded
prestressed cable threaded in polyethylene duct and grouled with urethane rubber.
These cables are manufaclured in faclories in Japan, and the strands can be wound
onto reels and transported o the site.

The girdar of a cable-stayed bridge is divided into segments which can be precast at the
fabrication yard during construction of the subslruciure components. Precasling
segmenis has the following advanlages:

- reduclion of construction period;

- safe, controlled environment for pouring and setting of concrete (i.e., no adverse
impacts due to weather or high-deck constraints); and

- simplicity ot qualily conirol {fewer required bridge specialists}.

The lower part of the main tower is construcied prior to erection of the precas!

segments. The segments are transported onlo the barge at the site and then lifted up
~and placed symmetrically and simuitaneously by winches of mobile lifling equipment.
' The stay cable is placed at each successive segment of the girder and then lensioned.

The upper par of the tower is constructed in parallel with erection of the girders, which
_are placed alternately from one canlilever 1o the nexi, to a!ldw_the concrele joints
‘between the segments fo harden. :

{3) :’5 Continyous PC Box Girder Bridge

The pier head of this bridge type is constructéd on brackel s!agsng, which is supporteci
by anchor bolts. Construction of the cantilever girder after completaon of the pier head
is carried out with wo medium-sized travelers with a construction block of 3.0-4.0 m.
Concrete lor the girder is placed directly by a concrete pump connected to the batch
ptant on the barge. Because the concrete should set quickly and have high strength {to
increase construclion produclivity and 1o ensure a durable structure), hlgh performance
water-reducing admixtures or superplasticizers would be added to the concrete mixture.
Concrele placing s carried symmeldcally out wilhin one day in order 1o reduce
unbalanced {orces acting on the incomplete struclure.

The enﬂ girder al the abulment is consiructed using post shoring, slaging, and
scalfolding, and it is connected with the canlilever girder by prestressing. The ends of
the cantilever girders at the center of each span are then joined by a keying segment
using a suspended shoring system. The conlinuity 6f both cantilever girders is ensured
by prestressing cables tensioned after the hardening ol conceete at the keying joint.



9.3

$.3.1

9.3.2

%.3.3

Project Cost Estimates

Project costs consist of construclion costs, land acquisition and compensation costs,
engineering service cosls (i.e., delailed design and supervision costs), contingencies,
and maintenance coslts.

Construction Costs

The estimated overall costs of the bridges for the alternative routes were datermined
from the summation of preliminary quantilies based on the drawings in Figures 7.1 1o
7.9, and unit prices quoted from simitar bridge projects.

Construction costs for the six allernalive roules are shown in Table 9.1. Regarding
roules B-1 and B-2, the estimated costs consist of bridge consiruclion and major
rehabilitation of a provincial road {(Route 315). The construclion costs estimaled at this
slage are assumed lo be accurate to within 10-15%. The foreign currency exchange
rale was applied to be US$ 1.00 = 94.64 Yen (August 1995 level); this rate was modified
in Phase 2.

Engineering Service Cosis

Engineering service cosls consist of the delailed design and supervision works
undertaken by consultants. In this stage, lhe engineering sérvice cost for each
aliernative was assumed equal lo 7% of the tola! conslruction cost. :

Land Acquisition and Compensalion Costs

Aliernative routes for bridge and approach roads wefe praposed earlier in'Chapler 7.

For each alternative route, the Survey Team perlormed an interview survey concerfing -
~ land acquisition and compensalion costs in Kompong Cham and Kandal munscupaimes i

A summary of the estimated total land atquisition and compensahon costs for each
alternative is presented in Table 9.2.

Table 9.2 tand Acquisilion and Compensation Cosis

Route Land Acqu:smon and Compensauon Cosl
o (USS million) L
" A-1 Roule 00541 ;
A2 Roule 0.05 71 o
B-1 Route _ 01571 - :
B-2 Route 0.15¢1
C-1 Route _ 02072
C-2 Roule 15972

11 Costs assumed by by tha Study Team
- {2 Cosis proposed by Kompong Cham Municipality




9‘. 3.4 Contingencies
~ Contingencies are included 10 cover costs associated with the following uncertainties:

a)  Changes in geological conditions and/or quanlities, which may occur during
preliminary design; and

b} ‘Changes in econonic conditions, such as loreign currency exchange rates. -

‘Considering these factors, the conlingency was assumed to be 10% of the combined
costs for construction, engineering services, and land acquisition and compensation.

9.4  Maintenance Costs

“The cost of maintaining the bridge and approach facilities depends on the type of
structure cons!rucled Maintenance cosis are prehmmanly adop!ed as shown in Tab‘e

9.3,
‘Table 9.3 Maintenance Cosls
o . Ileni ‘Maintenance Malnlenance Cosl
- o Inferval {US§)

Approach road and bank protechon : ~ Annual - 500/km
2. Bridge and approach road overlays, and © 10 years ' 65,000/km
+ periodical bank protection - :
- 3. Repaxmmg of bridge superstfuc!ure {steel} - 10years . 240/1en

9.5 Total 1Proiect Cosls

Tolal pro]ecl costs, delefmmed by summmg lhe cosl componenls presented above
" are summanzed in Table 9.4. Mamtenance costs shown are Ihose mcurred over a 20-

year period. -
Table 94 Total Pro]ecl Cosls
: CoL o Pro;ect Cost (US$mI||on)

L _;__ﬂg(n_;”;_u_'_”:__ A1 Re Floute A2 Route 8- 1Roule’ 82Route C-1Route C- 2 Route _
1) Consluction Cost .~ * 109.87 D 12148 9072 14253, ' 9884 - 87.02.
2) Engincering Service Cost 770 ¢ 864 635 ¢ 997 © 692 - 667

3) tand Acquisitionand - L : . F '
_ Compensation Cost 1005 © ¢ 005 11.10 010 020 1.59
_ 4) Contingency 1076 1321 1971 1523 1060 1035
- Sublotal . 12938 ~ 143.08 106.83 157.83 116.56 105.63
Ratoto C-2 . - 122 1.35 1.0% 1.59 1.10 1.00
© By MamtenanceCesl n 0.66 0.62 9.34 9.44 2.56 052
Total | 13004 14360 11622 17727 119.21 10615
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CHAPTER 10 PRELIMINARY EVALUAYION FOR THE CANDIDATE ROUTES

10.1

10.1.1

Economic Evaluation of Alternatives
Valuation of Benetits and Costs

As discussed in chapter 2, there are many indirect benelits thatl would arise from the
Project, including acceleraled induslral development and improvement of living
condilions. The main quantifiable and direct benefits of the Project would be savings in
waiting time related to freight and passenger tralfic due to a bridge. Other than these
benefits, savings in ferry operation costs in with bridge cases and additional ferry
improvemant costs in the without bridge case are considered as the benefits of Project. |
Decreases in vehicle operating costs {VOCs) accruing to the diversion caused by the

* Project are also estimaled as benefits. As lor costs, maintenanca costs after completion

of the bridge are also considered.
{1} Time Costs
{1.1) Passenger Time Costs

When eslimaling passenger time costs, resulis of the Socio-Economic Survay in

Cambodia (SESC)-1893/1994 were used, since the survey reported recent actual
incoma and expenditure lavels of households in Cambodia oblained from a household
interview survey.

The survey sponsored by the AD8 and UNDP was conducled jointly by the staff of the
Strengthening Macro-Economic Management and Training Project and the National
instilute of Statistics {NIS) under the Ministry of Planning. SESC was conducted i in four
rounds to capture seasonal effecls. The sample size of each survey round was as
follows:

Phnom Penh : .~ 40villages = © approx. 400 households

Other Urban: - - 26 villages approx. 250 households
Rural Area: 60 villagas approx. 600 households
Total: 125 villagos approx. 1,250 households:

The survey covered 15 provinces.

The survey compiled demographic charablerislics. housing characteristics, household
expenditure, and household income data. Information relevant to this sludy is tabulated
and shown in Table 10.1. -
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Table 10.1 Houschold Characteristics in Cambodla, 1993/1994

Phnom Other Rural  Cambodia

Penh Urban
1}  Average household size {a) pers./ 62 6.1 5.4 55
household
2) Agé dependency ratio (b} % 738 840 96.8 93.2
{% of 0-14 plus over 65 (0 15-64)
3} Sectoral employment distribution {c)
Agriculture % §2.2 303 86.5 77.8
industry % 14.0 6.2 28 3.7
Services Yo 74.0 63.6 0.8 i8.6
4} Monthly average household expenditure (6) Riel 862,465 637,989 240,292 308,760
' . uss 357 258 97 125
5} Monthly average household expenditure {e) Rie! 62,166 60,890 8,328 15,753
" on transport Uss 25 25 3 6
6) Monthly average household income (i} Riel 483,683 396,224 141,509 184,500
Uss - 198 160 57 75
7) | Distrbulion of income by source {g) _ _
Wages and salaries Uss : i7.6 9.5 48 - 1.8
Non-agricultusal Uss 349 37.4 384 39.2
Agricultural Uss 1.9 7.1 381 157
___Netrental value of owner occupied house Uss 33.0 3048 53 15.4
. Source: Socio-Economic Survey in Cambodia, National Instiiute of Statistics, Minisiry of Ptanning ang

other tunded by the ADB and UNDP, 1853/1994

Considering the composition of trip makers' who would use the proposed bridges,

averages of the three areas differentiated in the survey were used. Discrepancies
* between the reporied monthly expenditures and monthly incomes were probably due
~ to under-reporling of income.  Expendilure figures were therefore used. Estimation of
3 passenger time cosls in 1993/1994 were derived according to the forrowing steps:

ﬁ i)' - Average income eamers per household: (a)f((b)ﬂ.(i) = 3.2 pers.fhousehold
| ii) Average rﬁon!hry e:épenditure por tdp maker: {d)/(A) = US$ 74
i} Average per working hour expenditure per trip maker: {B)}/160 = US$ 0.46 /our

©The data shown above indicate a high level of productive utilization of time. Assuming
20% non-productive time, the value of time for passenigers in 1993/1994 is estimated
“as US$ 0.46 x 0.80 = US$ 0.37 /hour.

Assuming that the future increase of passenger time cost Is in proportion to the fulure
' increase of GRP per capita, passenger time cosls and passenger time costs by vehicle
in the forecast years can be estimated (Tables 10.2 and 10.3).
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Table 10.2 - Projected per Capita GDP at 1995 Conslant Prices

. B 1995 2001 2011 2021

GDP LS$ million 2,635 4,104 8,779 i7,269

Populalion 1000s pers. 9,267 10,684 12,973 15,055
Per Capita GDP US$/pers. 284 384 677 1147
Growth Rate of Per Capita GDP US$/pers. - 51% 58% 5.4%
- Passenger Time Value US$/pers.-hour 0.39 0.52 . 0.85 1.38

Source: GDPin 1995: Cambodian Authorities and World Bank Estimate, JICA Study Team

Table 10.3 Time Cosls by Vehicle Type

(US$/veh. hour)

MC PG L8 HB LT Mr HT

Average Occupancy in 2001 1.5 ] i0 20 5 2 2

(pers.fveh.) .

Average QOccupancy in 2011 & 2021 1.5 4 10 20 4 2 2

(peis.fveh.) _ _ :

2001 Passe'nger Time Cosl 0.78 260 5.20 1040 260 1.04 104
0.52 US$/pers.hour ' : :

2011 Passenger Time Cost 1.28 3.40 8.50 17.00 340 1.70  1.70
0.85 US$/pers.hour .

2021 Passenger Time Cost 2.07 552 13.80 27.60 552 276 2.76

1.38 US$/pers. hour

Source:  JICA Study Team

(1.2) Cargo Time Cosls

For cargo, an average value per ton of US$ 520 was obtained from field surveys inthis
study {Table 10.4). Based on this average value, ¢argo lime cosls were valued by two
different approaches One is the approach applying an interest rate to cargo value. The -
prevailing interest rale is 18% for loans in foreign currency in Phnom Penh.  Available
loans for small aperators would carry interest rates in the order of 20%. Al a 20%
interest rate and assuming a working time of some 160 hours per month, an inventory
cost can be calcutaled by the following formula: '

(US$ 520 x 0.20} / {12 months x160 hours/month) = US$ 0.054 /hour

The second method is the approach using tumover time of cargd. If the turover time of
cargo is assunied at one month and infinite demand is assumed, the value of cargo in
one hour of transit could be calculated at US$ 3.25 {US$ 5201 60 hours).
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Table 10.4 Pric_:es of Commodities on Trucks

Commodily - . Average Price {US3/ton) Percantage (%)
Agricullural Products 350 6.6
Logs & Timber 80 10.2
Foods/Orinks 870 10.2
Manufaclured Goods 1300 25.6
Construction Materials 110 35.7
Fuel/Chemicals 330 0.7
Oiher 240 11.0
Total 520 100.0

Sowrce:  JICA Study Team survey

A true oppdriunity cost of cargo should fall somewhere in between the above two
figures. For the purpose of this study, the average of two figures was used, i.e., US$
1.65 per hour for cargo lime cost. For the estimate of future cargo time costs, the cargo
value was assunied o increase at an average rate of 5% per anium.  Considering the
average loading of each vehicle type, cargo time costs by vehicle type in the forecast
years were estimated {Table 10.5}. : :

Table 10.5 Cargo Cosls by Loaded Vehicle

'(Ussfveh. hour)
MC PC L8 HB LY M7 HT

Average Loading (tonsfveh.) - - - - 1.0 45 1156
, Value of Cargo in Transit S

2001 - 2.21 US$/on.hour - - - 1221 995 2642
2011 . 3.60 US$/ton.hour - - -, - 3.80 16.20 41.40
2021 5.86 US$/ton.hour - - - 5.88 26.37 67.39

" Sowce:  JICA Study Team

(2)  Vehicle Operating Costs (VOCs)

Estimates of vehicle operaling cosls were carried out utilizing the VOC3 model, a
subprogram of HDM-1I1.}

Motorcycles are no! included in VOC3 program; therefore, the VOCs of molorcycles
were initially determined by two methods: (1) by a labor-intensive, manual spread sheet
method and {2) by the VOC3 model designating motorcycles in the "small” car calegory.
According to the first method, motoreycls VOCs were estimated to be one-fourth those
of passenger cars. After comparing these two methods and considering the amount of
work thal would be required to employ the first method throughout the analysis, the
VOUGC3 method was adopted for calculating molorcycle VOCs.

THDMAIl was developed by the World Bank to make comgparative cost estimates and econemic
evaluations of diflerent construction and maintenance options including different time-staging
slrategies, either for a given road project on a specilic alignment or for groups of links on an enlire
network. : : :
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The following eight vehicle types were adopted for VOC estimates:

«  Motorcycle (MC):

+  Passenger Car (PC):

+ Light Bus (LB}):

*  Heavy Bus (HB):

- Light Truck (LT):

»  Medium Truck (MT):

«  Heavy Truck (HT):

Honda Super Cub 90;

Toycla Corona;

Toyota Coaster;

Fuso MP 218:

Toyola Hi-Lux;

Mitsubishi FK 455 (70%) MAZ 8t (30%); and

Mitsubishi FV 415 (70%) KAMAZ 101 {30%).

Considering the existing vehicles observed in Cambodia, the specified vehicles initially
seemed rather expensive. However, it is likely that new cars, trucks, and buses of

' Japanese or olher makes will be more common than exisling vehicles bought from the
tormer Soviel Union; therefore, these vehicle types were specified.

The changes in the vehicle operating costs per vehicle-km are realistic over time; factors
for passenger time costs and cargo time coslts were adjusted to future VOCs as stated
above. Details of VOC astimales are described in Appendix 13.1. Since VOCs vary in
close relation to changes in travel speed or road roughness, the results of VOCs were
estimated according to travel speed and internationat roughness index (IR1).2

The eslimated results are shown in Table 10.6.

Vehcle Operating' Costs (VOCs)

Table 0.6
VOCs in 2001 (USS$/veh. 1,000 km)
“v=40km/h v=60knvh '
IR} . o

4 6 38 10 4 6 8 10
MC 60.2 63.0 665 709 507 536  57.3 620
PC 2849 3125 3500 4032 240.3 2684 308.1 3626
8 4919 511.9 5368 5681 4052 427.3 456.6 494.9
" HB 988.9 1029.7 1079.1 1139.6 822.0  867.1 9255 1000.1
LT 2392 2624 2852 3085 208.9 233.3 ' 258.2 284.4
MT 317.2  367.2 417.1 4680 284.8 3361 3882 4422 .
HT- 539.0 609.4 681.1 7551 4873 560.0 6355 7147

2The IRis a standard:zed roughness measurement related to those oblained by response-type

" road roughness measurement syslems, with recommended units: meters per kitometer {rmdkm).

The 1R is appropriate when a roughness measure is desired that relates o2 overat! vehicle

10-
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-operaling cost, overall ride quality, dynamic wheel loads, and overall surface condition.



VOCs in 2011 | _(US$iveh. 1,000 km)

v=40%nvh v=60knm/h

R IR
o 4 6 8 10 4 5 8 10
MC 72.6 75.4 79.0 83.6 59.2 62.2 66.1 711
PC 317.9 3456 3841 4368 2624 2808 3309 386.3
L8 574.3 594.7 620.5 653.6 462.0 4852 5168 559.0
HB 1153.2  1194.8  1246.1 1310.1 9342 981.6 10448 11275
LT 255.8 279.2 302.3 326.2 2204 2452 2708 298.1
MT 333.7 384.0 434.4 486.0 296.3 3481 4012 4565
HT : 555.5 626.1 6983 7731 498.7 571.9 648.4 728.9
VOCs in 2021 _ : {US$/iveh. 1,000 km)
v=40km/h v=60km/h
iR IR
‘ 4 6 8 10 4 6 8 10
MC 92.6 95.4 99.2 103.9 72.9 76.0 80.1 85.7
"PC 370.8 3986 4375 4907 297.9 326.7 367.7 4246
L8 706.7 727.7 7550  790.8 553.3 578.1 6135 £62.0
HB 1417.1  1460.0 1514.3 1684.0 1114.5 11655 12365 13320
LT 282.5 306.1 329.8 3546 2389 2643 29i.1  320.1
MT 360.4 411.0  462.1 5149 314.8 367.4 4220 4794

HT ' 582.0 653.0 7259 8019 H17.0 5910 6650 751.7
Source: . JIGA Study Team '

{3) ' Ferry Operations and Improvement Gosts
. Survey resulis of ferry e'xpendil_ures were used 1o delerminé ‘ferry operalion costs. j
‘Additional investment in ferries to cope with over-capacily traflic volumes can be

‘diverted lo the benefit of 4 bridge.

Information on itemized feiry improvemenl costs were derived from a terry project
funded by DANIDA and actua! operation and administration cosls at Neak Loeung
surveyed in this sludy. Unils costs of ferry improvement pfoie(;is are eslimated as
follows: :

. Ferry {with capacity of 30 vehicles): US$ 3.0:0 mil/boat
«  Civil works (slipway and Ianding.fafjcilities): USS 0.38 mil/lerry site
«  Adminislration and operation: US$ 0.16 miUboal-yéar
{4) Economic Project Costs

No data were available in existing reporls regarding economic cost parameters,
Therelore, the consultanis performed various invesligalions and relefred to other
sources lo determine appropriate conversion factors for economic cost estimales.
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" Regarding loreign exchange, in Cambodia the U.S. dollar trades freely in the parallel
markel, and this has caused problems inherent in a situation in which two currencies as

“well as gold circulata as media of oxchange. The financial construction cost estimales
were determined by domestic market surveys in Cambodia in U.S. doars. Therefore,
no shadow exchange rale was applied during the economic evaluation. The main tax
laws applying to the prasent time were enacled in 1985; they decree the following four
types of tax: imporl and export duties; turnover and profits taxes; business license tax;
and excise lax. {n a second major tax reform, which teok place in 1991, the tuinover and
profils taxes were reorganized, and a property transler tax was introduced in attempt to
stem the rising Slate daficit. in 1994, presenily ulilized tax rates applied were enacted
as shown in Appendix 10.2.

Beécause Cambodia imporls nearly 100% of its construction materials and equipment, it
is necessary o sublract the import duty component from these costs for economic
evaluation. import duties for mineral products range between 7-15%, chemical goods
are 20%, machinery and equipment are 7-15%, depending on whether they are
classified as necessilies or luxuries. In addition, a 4% exercise duty Is added to the
vailue of ali imports after the imporl duty has been chargéd. However, il should be
" considered that taxes are exempied 1o import goods which are input in foreign grant.
projecis. '

Foliowing the devastation of the 1970s and the ensuing labor shottage in agriculture,

" so-called krom samaki, solidarily groups of small producers with a somewhal private
nature, emerged. As Cambaodia continued to shilt from a centrally planned lo a marketl-
ortented economy throughout the 1980s, disengagement from communal agricullure
evolved progressively. Therefore, no price distortion factor was considered necessary .
" for unskilled labor costs in Cambodia. : :

Based on the discussion above, considerations abou! components of each works were *

' made in determining an overall distortion faclor 1o be appfied to the total dombine'd cost
~ of labor, materials, and equipment. The tax portion of materials was assumed to account
for about 5% for preparalofy works, 8-10% for bridge works, and 2% for road woiks'. ',

Taxes on imported equipmen! were assumed to be exempl. Refening to standard
distorlion factors of other developing countries, a ligure of 85% was adopted as the
standard conversion faclor in Cambodia.

" Economic costs are shown in Table 10.7.
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Table $0.7 Economic Costs of Profect

(Unit:_mit. US$)
Alternative Economic Cosls :
Preparation 8ridge Road Engineering Land Contingency Maintenance Tolal
Works  Works Works Cost Acquisition/ Cost
» : o Compensation
A1 1742 6585 293 7.70 0.00 10.00 056 12426
A2 19.25 95.86 1.67 8.64 0.00 1104 0.44 136.90
B-1 i2.20 - 48.07 28.74 6.35 0.00 8.26 7.94 111.56
B-2 18.41 67.08 54.52 9.97 0.00 12.97 8.04 170.99
C-1 15.514 7499 372 1 6.92 - 0.17 9.01 218 11249
c2 13.67 6831 3.02 6.67 1.35 8.10 044 101.56
Source:  JICA Study Team
Note: Maintenance Costs were eslimated for the period from the opening year to 2021

10.1.2 Economic Evaluation
(1) Evaluation Method

Although the main objective ol economic evaluation is to ascertain information on the
viability of alternatives, economic evalualion in this chapter also has the role fo provide
information on the relative supremacy of alternatives from an ecoriomic viewpoint. The
dalailed economic evaluation 1o obtain information on an eftective combination of

- invesiments or effective operations of a bridge are to be caried out in the later sleps of
this study.

The economic evaluation pursued in this chapter assesses the feasibility of alternatives -
in the context of the Project enlity rather than economic development of Cambodia.
Therefore, the econamic evaluation emphasizes quantifiable and direct benelitsicosls
in monetary terms. '

The main quantifiable and_ direct benefils of the Project would be savings in waiting time
relaled to freight and passenger traffic with a new bridge. Additionally, savings in ferry
operaling costs for with bridge cases and addilional ferry improvement costs for the
without bridge case are considered as the benefits of the Project. 'The decreases in
vehicls operating costs accruing to the diversion caused by the Project are also
estimated as a benefit. Maintenarnce costs (after completion of the bridge) are also
considered in the economic evaluation.

{1.1) Présent Ferry Operating Cosis

Present ferry operaling cosls at the locations where the Mekong River Bridge may be
constructed were considered as benelits of the Project.

{1.2) Additional Ferry lavestment in Withou! Bridge Case

Trallic forecast results show that, for the without bridge caso under the condilion of
freo-{low, traflic volumes will exceed ferry capacities in year 2011. For these cases, if
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additional investments In lerry improvements are not considered, passenger wailing
times for ferries would grow enormously (and undealistically) long and overinflated
benelits of the Project would then be calculated. Consequenlly, additional ferry
improvement investments were laken into account when estimating benefits of the
bridge for these cases. The scals of ferry investments was assumed to be the provision
of two ferry boats each with a capacily of 30 vehicles, and related facililies,
administration, and operation. [t is important to note that this without bridge case is
significantly different from the literal "do nothing® base case {ypically applied in
economic evaluations.

- The timing of ferry improvement investments was determined such that the increased
capacily would accommodate the future traffic demand al each lerry point when capacity
lavels are reached. As a result, no diverted tralfic tfrom one tarry point to another ferry
point would occur in years 2001 or 2011, because the increased lerry capacitios in
these years would be sufficient 10 meet the demand. However, in 2021 the increased
tercy capacily at Neak Loeung would nol be able to meet the Iraffic demand; therefore,
diversion of traffic from the Neak Loeung ferry ta other ferries would emerge.

These additional ferry investments were considered as benalits of the Mekong River
Bridge in the economic evaluation.

(1.3) Additiona1_Ferry lnvestment Other Than the Bridge Location in With Bridge Case

Similar to the without bridge case, addilional ferry investmenis were assumed at ferry
points other than the bridge location for the with bridge cases. The timing of ferry
improvement investments were assumed laking into account the yvear when traflic
demand would exceed ferry capacily. The scale of terry investments was assumed to
be the provision of two ferry boats each wilh a capacity of 30 vehicles, and related
facitities, adminisiration, and operation. Consequently, the liming and scale of ferry
invesiments al ferry points o_lhér than the bridge localion were the same for both the
with and without bridga cases. Therefore, the ferry capacities were basically applied to
the fulure tralfi¢ demand; however, some changes in tralfic flow were expected
because of the trave! time reduction with the bridge. -

(1.4) Waiting Time Reduction at Bridge Locations

The reductions in travel time can be cbmpuied by traflic assignments for both the with
and without bridge cases; however, the travel times at the bridge were externally
assumed for traffic assignment. For the estimate of ferry waiting time's for the without
bridga cases, a simulation program was developed specially for this study.

The reductions in waiting tine al the ferry points whera the Mekong River Bridge may be
constructed were considered as benefits of the Project.

{1.5) Change in Travel Distance

' The change In travel distance caused by construction of the Mekong Rivér Bridge was
computed in the trallic assignment procedure. The VOCs eslimaled in this study
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include trave! time costs; therelore, a change in time cost inherent to a change in traval
distance can be estimated. For the eslimale of changes in VOCs, unit VOCs (at 40
kilometers per_hour as lhe average travel speed and a road roughness love! of IRI 4)
were externally applied to changes in VOCs batween the with and without bridge cases.

The traific assignment resulls showed that construction of a bridge at Prek Tamak would
contribute to the curtaiiment of total travel distance compared to the without bridge
case. These resulls also revealed that in 2021 construction of a brtdge at Neak Loeung -
would contribute 1o the curtailmient of total travel distance compared lo the withoul
bridge case, because traffic demand exceeded ferry capacity for the without bridge
case and the excess Iraffic was required (o detour to other lerries.

{1.6) Benefits in lntermediate Years

The benefits in intermediate years were estimated by interpolation between the years
2001, 2041, and 2021. The benefits alter 2021 were linearly extrapolaled based on
the benefits in 2011 and 2021.

{1.7) Costs tor Road Construction and Mainlenance

As tor cosls, project cosls of approach and access road improvements were included in
total project costs. In the case of a Prek Tamak (Svay Chrum) bridge, the improvement
cost of the access road, incliding mainlenance cosl, was estimated to be considerably
high. However, these costs are added to the bridge cost to determine the total project
cost. These road costs were included because improvement of the access road cannol
be considered independent of the bridge project due to very poor existing road
conditions that prevent many vehicles from passing through.

- (1.8) Saivage VaIue

The salvage value of the Prqect was eshmated {o be 90% of the construction cost, and
it was added as a negative cost in tHe last year of the evalualion period.

(1.9} Base Year
The beginning year of the Project was set as the base year for the economic evaluation.
{1.10) Evaluation Period

" Because of the severe budgetary constraints in Cambodia, it is not likely that many largs
bridge Projects will be implemented in Cambodia. Therelore, the Project lile in the

economic evaluation should be long; a 30-year period after openmg was assumed as
- the evaluation period.

{1.11) Evaluation Indicator

As evaluation indicalors, the economic internal rates of return (EIRRS) were ca!culaied
for the evaluation penod
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{2} Benelits

As an example, the benelits of travel time savings and VOCs for the scenario of a Neak
Loeung bridge in year 2001 are iflusirated below.

Table 10.8 Savings in Passenger Time Cosls of Normal Traffic
Unit Cost Comp. Veh. Time Savings
Rate _ Reduction -
(US$/veh.h) (%) {veh./day) {min.) {US$/day)  (US$ 1 000/year)
MC 0.78 1970 20 542 187
PC 2.60 46.9 548 20 475 173
LB 5.20 220 257 20 445 162
HB 10.40 5.3 62 20 214 78
LT 2.60 14.9 174 20 151 55
MT 1.04 4.9 57 20 20 7
HT 1.04 6.1 71 20 24 9
Total 1841 671
- Table 10.9 Savings in Passenger Time Cosls of Induced Trattic
Unit Cost Comp. Veh. Time Savings
Rate Reduction _
~ (US$/veh.h) {%) (veh./day) {min.) {USSiday)  {USS 1,000/year)
MC 0.78 - 524 207 68 25
PC 2.60 47.3 38 20 38 - 14
LB 5.20 32.3- 60 20 52 19
H8 10.40 6.5 12 20 21 8
LT 2.60° 12.4 23 20 10 4
MT 1.04 0.5 1 20 - 0 0
HT 1.04 1.1 2 20 0 0
Total 189 70
Benefits as changes in consumer surplus for indiiced traffic were estimated at half of
that for normal traffic,
Table 10.10  Savings In Cargo Time Cosls of Normal Traftic
Unit Cost Comp. Veh. Time Savings
Rate Reduction ___ , :
{US$Hveh.h) {%) ~_{veh./day) {min) . (US$/day) (USS$ 1,000/year) -
LT 2.21 14.9 174 20 128 47
MT 9.95 4.9 57 20 189 69
“HT 25.42 6.1 71 20 602 220
Tolal 919 336 3
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Table 10.11  Savings In Cargd Time Costs of Induced Tralfic

Unil Cost Comp. Veh, Time Savings
Rate Reduclion
{USS%/veh.h) {%) {veh./day) (min.} (US§/day)  (US$ 1,000/year)
LT 2.21 12.4 23 20 8 3
MT 9.95 0.5 1 20 2 1
HT 25,42 1.1 2 20 8 3
_Total ) N A 18 7
Benefits as changes in consumer surplus for induced tralfic were estimated at half of
that for normal traffic.
(2.1) Savingsin VOCs
For the with Neak Loeung bridge case, compared to the without bridge case, computed
tolal travel distances increase; therelore, the changes in VOCs caused by this
expansion of trave! dislance were considered a negative benelit.
“Table 10.12  Savings in YOCs
Tota! Travel  Total Travet - Changs in Savings
- Distance Distance Travel
(w/ Bridge)  (w/o Bridge) Distance
. (knvday) {km/day} - (km/day} {US$/day}  {US$ 1,000/year)
- peu. 239,301 238,719 582 171 62
"MC

405,684 402,586 = 3098 179 . B5

Overall benefit by the bridge al Neak Loeung in 2001 was estimated at US$ 0.76 miflion
peryear.’ - - ' : '

The benelits of each bridge location in 2001, 2011, and 2021 were also estimated in
the same manner. The lime reduction due to the bridgs was determined according to
the relationship between teaffic volume and ferry capacity (Table 10.13).

Table 10.43  Time Reduction due to Bridge Consfruction (min.)

Year __Neak Loeung Prek Tamak Kompong Cham

2001 20 19 43
2011 19 16 40
2021 20 18 38

th;)urce: JICA Study Team

(3} Evalualion Results

Tha economic internal rates of return (EIRR) of tha alternatives show values of around 6-
10%. The Neak Losung bridge project shows the highest EIRRs, followed by those of
the Prek Tamak bridge project and Kompong Cham bridge project. One of the reasons
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for these r_eraiivew low E{RRs is the length of the project life, which was assumed to be
. 30 years in the economic evaluation.

Comparing the £IRRs of the two alternatives al each river-crossing point, the alternative
with the lower project cost has a relalive advantage and shows a higher EIRR, This
observation is especially true in the case of Prek Tamak, since the two alternatives have
significantly differemt project costs and therelore relatively large ditferences in EIRR.

The benefits in the case with a Neak Loeung bridge in 2021 were estimated to be large
and consequently resulted in a higher EIRR. 1n the without bridge case, because of the
assumption of the absolute ferry capacity limit, tralfic diversion to the Prek Tamak ferry
with the assoclated longer travel distance was lorecast in the traffic assignment
procedure, resulting in a farge savings in VOG for the with Neak Loeung bridge case. f
lurther ferry capacity improvemenls near the present Neak Loeung ferry are possible,
this savings in VOC would substantially decrease due to the lower diversion of traffic to
the Prek Tamak ferry. Consequently, the EIRRs of the with Neak Loeung bridge case
would be lower. Moreover, although all international traffic batween Cambodia and
Vietnam by land dre expected to utifize Route 1 in accordance with the present lraftic
paltern, if an international network belween northeastern Gambodia and Vielnam and
between Kompong Cham and Vietnam (via Route 72) is developed, the £IRRs of the
Neak Loeung bridge project would decrease due to the decrease in international traffic
using Route 1. On the contrary, given the international traffic ulitizing Route 72 and 78
with Vietniam, it is likely that the transport demand for a Kompong Cham bfidge woulkd
become high. Based on these considerations assuming a 3% increase in benefit
* stream for the with Kompong Cham bridge case, the EIRRs were eslimaled at 6.0% for
the C-1 case and 8.5% for the C-2 case.

From an operational viewpoint, empirically 8-9 ferry boats at ferry sites with theee landing
facilities is the upper mit of the number of boals thal can be safely utitized together.
The ferries in such an operahon should evenlually be substituted by a bndge wuh any: :
iuﬂher increase in transport demand. : ‘ "

The results of transporl demand:analysis revealed that a large podion of transport
demand at the Neak Loeung ferry would be compelled to detour and travel a longer
distance before the year 2021 because of the ferry capacity constraint. It can be
assumed that other ferry points will also require bridges with increased transport
demand over tima, In the long run, a bridge across the Mekong River will be necessary
1o cater transport demand although the inlensification of terry operahons can mest the
demand al present.

In conclusion, the economic evaluation revealed thal the Project is nol highly
econormical mainly due to the project cost, which is almost two-and-a-half or three times
as much as that of the bridge over the Mekong River at the Lao-Thai border. However,
" -the economic¢ evaluation also implied that the EIRRs of each allernative are at
appropriate levels for this bridge construction project.
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10.2

10.2.1

Out of the bridge candidate sites, Neak Loeung showed some advantage; however,
taking into account the above discussion, these relatively low EIRRs do not show
absolute supremacy among alternatives (Table 10.14). Consequently, these EIRRs
should not be strictly applied lo single out one alternative.

Table 13.14 Resuils of Economlc Evaluation

fndicator Neak Looung Prek Tamak Kompong Cham
_ A A2 . B-1 82 c1 . G2
ERR.  9.4% 8.9% 8.3% 6.4% 6.0% 6.5%

Source:  JICA Study Team

Qverall E'va!uatioh of Alternatives
initlal Evatuation Criteria

The economic evaluation, as described in prévious seclion 10.1, was necessarily timited

to items readily quanlifiable in terms of economic costs and benefits. In Cambodia such

an approach in selecting an optimum bridge site is nol sufficient under the circumstance

in which many non-economic issues could be critical. Therefore, the foliowing items

were considered:

© '+ Technical Difficutlies of Construction Work;

© ¢ Maintenance ﬁequiremenls;

o 'Er"wironmen.lm Impacts;

« Impacts cﬁ Construction Work on the Local Economy;

. :Non-;Ecoﬁbr;j}ic.% Impacts on‘lhe ﬁegionai Economy,;
»  Level of Tolal Prdjecl Cosi; and
+  Economic Internal Rate of Relurn.

The following explains each of the above crileria.

(1) Technical Difficulties of Construction Work

Because of the extrerne dearth of technical expertise and supporting materials and
equipment in Cambodia, the lype and degree of demand on them depending on
alternative design must be carefully assessed in order to ensure successiul
construction of the Project. The assessmenl was made separalely for the following:
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{a)

(b}

(c}

(d)

{2

Superstructure: Depe_nding on the selected lype of superstructure; the degree
of construction work diflicully was evaluated assuming that the enlire erection
work will be performed In Cambodia,

Substruclure: Considering sile conditions, the degree of construclion work
difticulty was estimaled for the selected types of toundation.

Approach Road: As all of the planned approach roads of the alternalives pass
through llooding areas, protection of slopes from erosion or installation of

‘transverse structures is required lo maintain the functions of the road in the rainy

season. For this réason, the approach roads of each alternalive were evaluated in
terms of the degree of dilficulty for conslructing anid maintaining them as a refiable
part of the tolal road network.

Construction Period: Due to the unpredictable behavior of the Mekong River, the
conslruction period should be short. A long construction period may lead lo a
substantial cost increase, but such risks are not easily quanlified.

Maintenance Requirements

Whatever the financial source of the initial conslruction, maintenance of the bridge after
its conslruction will have to be carricd ou! by the Governmenl of Cambodia.

- Considering the severely limited financial capacily and technical know-how of the
Government, it is highly desirable to limit the types and amounts of maintenance to bo
as simple and least demanding as practicable.

3

Eavirohmental Impacts

The following items concerning environmental impacts were considered:

)

(b)

(c)

(d)

Air and Noise Pollution: The magnitude of air'and noise pol!u!ion»was'as'sessed

* for edch alternative, with special altention to vulnerable poliutant rec!eplo{s{suﬁch

as local inhabitants, schools, hospitals, and temples near the bridge.

Impacis on Water Quality and Aquatic Ecology: As construction work would affect
water qualily and aquatic ecology, these aspecls were assessed for each
allernative.

Impacis on Cultural and His_loribal Heri‘lage and Aesthetics: The Préjek:i i'néy force

changes in local cullural and hislorical heritage, such as temples and historical
architecture, and the appearance of a new structure may disturb the aesthetics of
the local landscape. These impacts were assessed for each allernative. '

Impacts on Huran Selttements: Human feselllement requirements caused by
the construction of each of the alternatives were assessed.
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(%)
{a)

(o}

{c)

()

Impacts of Construclion Work on the Local Economy

impacts by Local Procurement of Materials: The extent of local procurement of
materials was assessed for each of the alternatives.

Technology Transler: In the course of construction work, employed workers and
technicians will acquire skills in varigus fields, which will later be used again in
Cambodia to enhance its productivity. The éxtent of such technology transfer
was assessed for each alternalive.

“Employment Opporlunity:  The ability to create jobs in Cambodia varies

depending on the types of construction. Each alternative was assessed with
respect Lo its job creation ability.

Non-Economic Inpacts on the Regional Economy

As the functions of the Mekong River Bridge wili be diverse, the effects of the bridge will
be far-reaching bul many are hard to quantify. Two categories of such effects were
identified, one relaled to transport and the other o regional economy.

(a)

(b}

Transport Effects

)] Improvemen! of Accessibilily to Remote Areas: - Improvement of
accessibility to remote and isolated areas in particularly northeastern
Cambodia is considered to have high social and political values.

i) Reduction in Uncertainty and Risk: The Mekong River Bridge can assure
uninterrupled traffic flow at ferry sites, where uncerlainty and associated
risks are substantial,

T ii). Formation of an International Road Network: ‘As stated earfier, formation of

“an inlernational transport network has been promoted by regional
conlerences, recognizing its imporlance at this slage of development in the
region. The New Asian Highway concept by ESCAP incorporales such an
idea and the more recenl Grealer Mekong Subregional Economic
Cooperation Programme identified a number of road projects for the
particular purpose of promoting economic cooperation among countries in
the region. ' The alternatives were evaluated as to whether or not they are
located on the identified inlernational network.

Regional Development Effects -

i} Control of Concentration o Population to the Capital: The Mekong River
Bridge will allow the population in the surrounding areas lo remain in the
area and 1o make frequent lrips lo the capital rather than relocate to the
capital.
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#)  Agricultural Development: The increase in accessibilily afforded by the
Bridge will In turn improve the productivity of agricullure and expand the
area of cullivation.

i)  Promotion of a Market-Oriented Economy: The improvement in
accessibility to large economic cenlers in nelghboring countries, such as
Bangkok, Ho Chi Minh City, or Da Nang, will stimulate and promote the
developmen! of the Cambodian markel-oriented économy. Each
allernative was evaluated with respect to this aspect.

v} "Balanced Development of the Region: The increased acceésibiiily of the
east bank of the Mekong River will promote balanced davelopment on both
‘sides of the River.

(6) Lavel of Tola! Project Cosl

As the available funds for the project will have some ceiling regardless of whether it is
financed domestically or externally, the level of total project cost will be a decisive factor
for aclual implementalion. A project with a cost above such a ceiling cannol be
implemented regardless of the economic retuin.

{7) Economicintemal Rate of Return {EIRR)

* Economic costs and benefits quantifiable in monetary terms were eslimated, and an

110.2.2

economic evaluation was carried out as shown earlier in this report.  The economic
internal rate of return (EIRR) is the most reliable measure of project feasibility.

Overall Evaluation .

(1)’ Comprehensive Assessment of the Mekong River Bridge Alternatives

In this section, a comprehensive svaluation is carried out for the six alternatives with ;
_respect 1o the numerous crileria dascribed previously in subsection 10.2.1. This .

evalualion is summarized in Table 10.15, which rates each alternalive bridge location for
each criterion with a mark of very good, goad, fair, or bad. From this table, it is clear thal
the sefection of one bridge location among the six is not an obvicus choice. As a result,
the following subsection presents the results of a final evaluation based on only the
prime criteria. ' '

{2) - Recommended Rouite for the Mekong River Bridge

“The assessment in subsection 10.2.2 (1) evaluated the six candidate bridge routes with

respect to the numerous factors thal can be considered for evalualion of the Project. -
However, this assessment, while comprehensive, does not pinpoin! which among the

six routes should be selected for construction of the first Mekong River Bridge in

Cambodia.
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Table-10.15 OVERALL EVALUATION OF ALTERNATIVES OF THE MEKONG RIVER BRIDGE

. NEAK LOEUNG PREK TAMAK .
8ridge routs ¢rossing Mekong river A-1 L A-2 B-1 . B.2
Gereral Width of river o 1628m 848m 873m 934m
information iDepth of River approximately 26m approximately 25m Approximately 30m Approximately 24m
of Routa Existing Road to be cennecied R-1 . R-1 R-315 R-315
- Vedical Navigational Clearanca _37.5m 37.5m 15.0m 15.0m
i Horizontal Navigational ¢learance 175.0m _ 175.0m _ _ 80.0m 90.0m
Type of Structura . PC Cable Stayed Bridge(3span tontinuous 1 box girder} {PC Cah!e Slayed Bridge(3soan continyous 1 box girden PC 5 Span Continuous 1 Box Bridge PC 7 Span Continuous 1 Box Bridge
~ [Main Bridge 430.00m 430.00m $0+3@150+30-630.00m 90+5@150+90-930m _
Structural Bridge ' Approach Bhidge 30@40+19@4021960m 1 IO40+2@(80+150+100)+1 1@40=1540m - 5@40+5@40-=-400m S@40+6@40-.—440m
Aspecis Length Total 2330m ~ 1970m " 1030m 1,370m
Bridge Width 13.50m _13.50m 13.50m 13.5m
Maximum Geadient 4.00% 4.00% _ 4.00% 4.00%
!EI._e_ngth of Approach Read 69042,035<2,7256m 95041,100=2,080m 260+1,100=1,360m{and R-315-66.7km} 200+1180=2080m{and R-315=66.7m}
Superstucture A _Preslresed Concrete Cabla Stayed Bridas A Prasiressed Concrelo cable Stayed Bridge © Prestressed Concrelo Box Bridge <) Presiressed Concreto Box Bridge A 18ue
Construction  |Substrutture A deep water depth A deep water depth A deep water depth A deep water depth X {big
Works _ _ _ _ , - L . :
Anproach Road 8] . O X R-315 runs across floading area X R-315 rung across flooding area Iy
Conslruciion Perod O 43months A S4months O 42months _ 0 " 48months _ Q
Mainterianca Aspecis A required Cabla Stayed Bridga A r2quired Gable Stayed Bridge ©_| _not required spectal technical maintenance works | @ ‘|  not required soecial technical maintenanceworks - | & [requ
Alr and Nolse Poliution O Minor impacis caused by construction works O Midor Impacts caused by construction works © | Altheugh minor impacts caused by tha Increasec raffic are] @ | Althaugh minor impacts caused by tha Incieased rafficarg | O [Min
_ and Increased Wraffic voluma —_and Increased traffic volume anficipaled, tha rumber of pollufion receplors ara very smail anticipated, the number of pollution recéplors are very small. WO
Environmenta! |Water Quality and Agquatis Ecology O | Miner Impacts caused by excavation of foundation] O | Mider impacts caused by excavation of foundation] O Minor inpacts caused by excavation of foundation O | ° Minorimpacts caused by excavation of foundation O | Mi
Aspects * [CulturalMistorical Properties and A |Approach road close to school. O [No significant Impact © |No significant Impact © [No significant impact A Aps
Environmental Aesthetics S o O ¢
Human Resettlement O [Few hoises and fanms are scaltered. O |[Few houses and fanms are seatfered. Q [Few houses are scatiered. O |Few houses are scattered. A |Son
Traffic vorume per day including blcycle and cycle 2305 ' 2308 835 1276
Influenceby  {Ecosemic impacts by locally prooyred matedals O - aggreqate 8] agareqale Q agaregale Q agqregate 2 AN
: [Construction  [Technkeal Transter ) reinforcement worker/unskifled worker o reinforeement worker/unskilled worker o reinforcement workerAinsidited worker e reinfoccement worker/unskilled worker Q
Works ! |Emgloyment Chance by Project O o 0 ' Q ol . . : ‘ ‘- O
: : Accessibility to Remote Areas | O |lmorovement of accassibility to eastem bank O |tmprovement of accassibility to eastern bank @ |Improvement of accossibility to eastern bank B |improvemen! of accassibility to eastem bank - ' © [impe
. [Effects Trave! Tima Stability ®) : @ Q ' ke L L 9
on Traffic  [Savingin Fery OperationCosts * [ © <] O Q 8
: Travel Time o) (o) @) . QO — ‘ @ |Larc
I Savings In Travel Tima Costs | © {Large amoun! of ravel ime savings @ fLarge amount of travel ima savings @ [Large amount cf ravel Ume savings in rainy sgascn @ |Larga amount of travel lime savings In rainy scason @ |Larg
"|Effects by International Network @ |Network In GMS Economic Cooperation Progeam § @ [Nelwork in GMS Economic Cooperation Program | A A @ |Nely
Bridge Overpopulation in Capital o) - o ) © . Q
Effects Influenced Population Q QO © [Located near Phnom Penh @ |Localed near Phnom Penh © |Pop
B ) | AgriculturalRasource Davelopment A 4H _ ) Q _Agricuitural development In tha eastern bank Q |Agricultyral development In the eas{em hank . O |Pron
Regional ' |Market Oriented Economy @_|Formation of international rade comridor © _|Farmation of International trade corridor Q| ' : : Q L O_|'nter
: ' DevelopmentBalanced Reglonal Development. | & ‘ Ja) s O _|Promotion ¢of Reglonal development in easternbank | O [Proiration of Regional development In eastern bank QO _|Regl
Tota) Pro;ed Cost{Milion US$) ) 130.04 143.6 116.22(Bridge & Approath 77.41/R-315 38.81) 177.27(Bridge & Approach 105.23/A-315 72.04) -
Economic Evaluation (IRR} Q 9,40% Q 8.90% 8] 8.30% Q' 6.40% A
Overall Evaluation O A O X

©:VeryGood O:Good AiFar X :Bad



3R BRIDGE

KOMPONG CHAM

... . NEAK LOEUNG PREK TAMAK
A-2 B-1 ' 8-2 C-1 C-2
84a8m §73m $34m _ __B4im 978m
___approximately 25m Approximately 30m Approxdmately 24m approdmately 55m approximately 32m
R-1 R-315 A-315 . a7 R-7
_ 37.5m 15.0m 15.0m _15.0m 15.0m
T 75.6m 90.0m _ 80.0m - 90.0m 90.0m .
| box girder) |PC Cable Stayed Bridgef3span continugus 1 boX girder) PG 5 Span Conlinuous 1 Box Bddge PC 7 Span Continuous 1 Box Bridge Single Span Suspension Bridge PG 7 Span Continugus 1 Box Bridge
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This subseclio'n. therefore, presents a synopsis of the critical factors that need to be
considered (among the many presented earlier) for determining which among the six
roules should be chosen as the site foi the Mekong River Bridge.

{2.1} Crilical Factors to be Considered

The Project, construction of the Mekong River Bridge, can be characterized as being of
large scale and high cost, as well as displaying some international features. The specific
conditions in Cambodia can characterized as a developing country in its infancy with
uncerlainty and constraints regarding its reconstruction.

These factors in combination yield the Project greal significance with respect to the
development of Cambodia in three areas:

i)

i

Speed and Direclion of Development

While there is no doubt that Cambodia will undergo reconstruction, the
speed and direction of devélopment in Cambodia over the next few
decades depends primarily on political policies and attracted inveslment.
Inevitably, a project of this magnitude, wilh a cost comparable to the total
annual expenditure of the Ministry of Public Works and Transport, will
increase the speed and influence the direclion of development in
Cambodia over the next few decades.

International Economic Cooperation among Countries along the Mekohg
River

The Mekong River originates in the Tibetan Highlands_. stretches southwaid

4,200 km o the South China Sea, and passes through Myanmar, Lao PDR,

Thaitand, Cam_bodia,'and Viet Nam. Water resource development of the
Mekong River is administered by the Mekong Commiiiee, which is an
intergovernmental regional organization. The New Asian Highway recently

- proposed by ESCAP and the inlernational road projects in the Greater

Mekong Subregional Economic Cooperation Programme have close
relation to this Projecl. Therefore, the Project is internationally noted, and it
is expected lo display some characleristics of an international project in the
Grealer Mekong Subregion. '

- Broad Indirect Effects

As mentioned earlier, the scale of the Project is large and ifs investment
cost is very high. Because of these circumstances, the Project will have far-
reaching effects thal cannot be adequately quantified in lerms of monetary
amounts, Consider, for example, that the Project will promote induslrial
development, more efleclive national integration, and polentially a more

equal distribution of income.
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A'ccording fo the above discussion, the evaluation of the Project and selection of the
_oplimum route should not only consider Profect cost and EIRR, but rather take a broad
view in accordance with the important yet difficuli-to-quantily aspects of the Project.
Adopting this comprehensive point of view, the critical evaluation criteria lor the Project
were revised and thelr significance was reexamined.

(2.2) Final Evalualion

The aspects for evaluation considered most importan! are those aflecting the probability
of Project implementation. Clearly, the technical feasibility and economic feasibility of
implementation are crucial for Project implementation. Because the technical feasibility
(i.e., dillicultios associated with construclion work) is essentially reflected in the
conslruction cost, the Project cost can be considéered lo encompass technical
feasibility. Project EIRR is the primie measure of economic feasibilily.

Otier important aspeclts concern the capability of the selected bridge route to meet the
wide-ranging objectives of the Project. With respect to this broad role of the Mekong
River Bridge, the foltowing three aspecls are consldered: (1) concordance with the
national regional development stralegy; {2) formation of an international network and
promotion of an open-markel economy; and {3} promotion of public welfare.

Other Project impacts, such as economic benelits derived from the procurement of local
- materials, transfer of technology, and expansion of job opporlunities, are considered
duplicative of the three above-mentioned criteria; therefore, they were nol explicilly
included as additional measures of eliectiveness. While the lhree above-mentioned
criteria share some overlap, the differences between and among them are readily
distinguishable.

The last criterion selected as a crumal factor is environméntal impact, which was
“discussed in detail in chapler 8.

The analysis of each criterion is summarized below.
i) Project Cost

Considering that the present MPWT annual budget is on the order of only
US$ 50-60 million, the construclion cos! of the Mekeng River Bridge is a
crilical issus. The Project cost should be minimized such that future repairs
and maintenance of the bridge and approach roads can be carried out with
rminimum expendulure According 1o this reasomng. tha C-2 route with an
estimated Prolect cost of approximatlely US$ 106 millicn is the most
advantagecus; the next least expensive alternalive is 8-1 (8.5% more
costly), tollowed by C-t (#12.2%), A-1 (+22.5%), A-2 {+35.3%}, and B-2
{(+67.0%).
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i)

ifi)

Economic Intermal Rate of Retur (EIRR)

EIRR is the rate of discount at which cost and benafil sireams over 30 years
are equalized {note that the project life is 100 years). As slated earlier, EIRR
is often considered the main criterion of project feasibifity because it reflects
the economic benafits of the project as measured by quantifiable effects
expressed in monetary terms. The EIRRs were 9.4% for A-1, 8.9% (or A-2,
8.3% for B-1, 6.5% for C-2, 6.4% for B-2, and 6.0% for C-1, excluding the
cansideration of the economic loss to future traffic demand unrealized due
to the lack of a bridge.

Concordance with the National Regional Development Strategy

Atthough not exglicitly stated in Government reporls, regional development
of northeastern Cambodia (i.e., the eastern portion of Kompong Cham
Province and the enlire provinces of Kratie, Stung Treng, Mondutkir, and
Ratanakiri) is undoubtediy tied 1o the regional development strategy of
Cambodia. Northeastern Cambodia, although currently remole, isolaled,
and with a fow population, has high development potential for mining and
agriculture with abundant mineral resources and fertile soil. In the course of
discussions with the MPWT, the role of the Mekong River Bridge in
promoting the regional developmenl of northeastern Cambodia was
stressed. Kompong Cham is expecled o funclion as the growth pole for
the deveiopménl of northeaslern Cambodia; consequently, the C-1 and C-
2 roules would reinforce this development potential and form a direct link to
northeastern Cambodia. Therefore, C-1 and C-2 rank hi_ghest for this

* calegory, followed by B-1 and B-2, which would encourage agricultural

development in the northeastern portion of Kandal Province and the
northern portion of Prey Veng Province, and lastly A-1 and A-2.

© Formation of an International Network and Promolion 6! an" Open"Markei

Economy

The Mekong River Bridge will indeed be expected to serve not only as an
important domestic route, but also as a signilicant internationat link
contribuling to economic cooperation in the Greater Mekong Subregion.

Two types of international networks have been proposed by different
authorities in Cambodia. One is lhe New Asian Highway proposed by
ESCAP, and another is the international r0ad projects in the Greater
Makong Subregional Economic Cooperation Programme. Routes A-1, A-
2, C-1, and G-2 are located on these international networks and will improve
transport betwaen and among riparian countriés along the Mekong River.
The C-1 and C-2 roules are expecled to provide a new international link with

~ southern Laos (via Roule 7} and central Viel Nam (via Route 78 from Stung
~ ‘Treng lo Da Nang). Along the north-south internalional road between
" Phnom Penh dand Kompong Cham, the Chroy Chang Va Bridge and Route
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6A have already been rehabilifaled by Ja‘panesé official development
assistance. Abridge al C-1 or C-2 would conslitule a fogical progression of
these Improvements that strengthen the'international network.

Improving accessibility to large economic centers in cther countries, such
as Bangkok, Ho Chi Minh City, or Da Nang, will stimutate and promole a
market-oriented economy in Cambodia. Therelore, the formation of an
international network with eifther routes A-1, A-2, C-1; or C-2 is expecled to
contribute 1o the promotion of an open-market economy. The B-1 and 8-2
routes, on the other hand, are not envisaged to advance inlernational
traffic.

v} Promotion of Public Weifare

Although not easily measured in monglary terms, the impact of the Project
on public welfare should be emphasized as an importan! indirect elfect,
Traffic accessibility to the remote and isotated areas located in northeastern
Cambodia would remarkably improve medical and educational services,

- enhance security, and conlribute 1o the stabilization of public wellare.
Among the six alternalives, the C-1 and C-2 roules are relatively superior
because of the vast area and population that would be influenced. The B-1
and 8-2 routes would rank nex{ since a bridge at either of these two
locations would provide increased access o the area east of the Mekong
River near Phnom Penh. The A-1 and A-2 routes are considered lo have
refatively little effect on public welfare.

viy  Environmental Impacis

The issue ol environmental _impa'cis' with respect to Project impiémen'!alion
?:is also considered to be an important criterion. Amo'ng the six alternatives,
“only B-2is regarded to have signiticant adverse environmental impacts {i.e.,
“polential ruin 1o the vulnerable ecosyslem of wellands). Routes G-1 and C-

2 hava some adverse eavironmental impacts {e.g., human reselllement),

while routes A-1, A-2, and B-1 are considered to havie minor environmenlal

impacts.

The issué of security with respect to Project implementation may also be considered an
important criterion especial to Cambodia. it has been noled that there may be some
secwurity concerns at Kompong Cham. However, the magnitude of any potential risk
cannol ba reliably or reasonably ascerlained at the present time; iherefore, Secufity was
not included in the finat evaluation.

(2.3) Final Recommendation

The above dis¢ussion carefully evaluates the lechnical feasibility, economic feasibility,
important secondary benefits (under the circumstances al present and in the -
loreseeable luture in Cambodia), and environmental impacts of the Project. After taking
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these critical factors into accouni. it can ba concluded that the C-2 route has significant
" advantages over the olher five alternatives in the following points:

i) Optimum Case under Budgetary Conslraints

Considering the severe budgetary conslrainis of the Government of
Cambodia, the C-2 route is the most reasonable alternative and will resultin
‘the fowaest financial demand on the Government in terms of future repair
and maintenance costs. Also, because the technical dilticullies of
construction work are fully incorporated into the Projecl cost estimates,
selection of the C-2 route will minimize these complications.

#)  Broad Indirecl Effecls

As the EIRRs of all alternatives are relatively low, this criterion should not be
strictly agplied to single oul a particular alternative. Olher critical criteria that
show significant differences between and among alternatives should be
given appropriate emphasis.

“From the viewpoin! of broad indirect effects, which should be accorded
proper significance for a project of this magnitude, the C2 route has the
foltowing advaniages:

+ construction of a bridge at the C-2 toute will be in comp!e!e
concordance with the national regional development strategy and
enhance development of agriculiural polenhal and natural resources in
northeastern Cambodla '

+ ‘theC-2 rouie will iorm a vitally important link in 1he international network
“connecting Cambodla with Laos and Viet Nam and will coninbule o
airenglhen the internalional network m the open -market economy, and :

+ the C-2 route wili significanlly improve a‘ccess:bality Ito nonheaslem f
Cambodia and correspondingly bring subslantial benefils to ils.
poputation through improvementls in medical and educationa! services,
enhancemenis in security, and promotion of public welfare.

Therelore, based on this final eyamalion of critical factors including due 'r:ecognitior) of
imporiant indirect effects, the Study Team recommends that the G-2 route be selected -
for construction of the first Mekong River Bridge in Cambodia.

As arelerence, a final evaluation matrix was prepared based on the above assessment
ol critical factors. This malrix, shown in Table 10.16, confirms the Study Team's
findings.
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" Table 10.16 Final Evatuation of Alternalives

Project Cost
£IRR

Concordance with the
National Reglonal
Development Stralegy

4, Formation of an Inlernational
Network and Promation of an
Open-Mearket Economy

5. Promotion of Public Weltare
6. Emvirdnmental Impact
Total

25%
25%
5%

1 5“/0

10%
10%

106% ..

At A2 81 B-2 C-1 Cc-2
Weighl Ranking Score Ranking Score Ranking Score Hanking Score Rarlking Score Ranking Score
3 003 3 0.08 2 013 3 0.08 2 0.1 ] 0.25
1 025 1 025 2 0.13 3 0.03 3 0.08 3 0.08
3 0.05 3 0.05 2 003 2 0038 1 0.15 1 0.15
1 0.15 1 015 2 0.08 2 0.08 1 0.15 1 G135
3 003 3 003 2 605 . 2 005 i 010 .1 010
0.10 1 0.1 1 Q.10 3 0.03 2 005 2 0405
- - 067 0.55 0.40 - 0866 - 078

© “Source: JICA Study Team
Nate:

067

Score is calculated by the following formula:

Score = Weigh! x {1/Ranking), where ranking is either 1, 2 or 3; the highes! score possitle is 1.00.
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CHﬁPTERH DETERMINATION OF SELECTED ROUTE

11.1

11.2

11.2.1

General

The C-2 rouls was selected for the Mekong Bridge out of the six alternative routes
proposed in the Interim Report {1}. During the meeting between the Study Team and
the Steering Committee on 5 Oclober 1995, the Study Team expressed a prelerence
for a stight shift of the alignment {approximately 300 m) downstream for the following
reasons:

{a) ConSIdenng the severs budgetary constraints of the Government of Cambodia,
lang acquisition and compensatlon costs could be minimized.

{b) General scouring {i.e., lowering oi the bed level} could occur along the original C-
2 route.

() ‘Construction of toundalions in the deep river channel could ba avoided.

It was agreed in the meeling that the Study Team will carry oul detailed invesligatio'n ol
the bridge site near the C-2 route. The Study Team has selecied a new route (C-3)

© dpproximately 300 m downstream as shown in Figure 11.1. The Study Area for the

selected route is limited to the points between the roundabout (STA. 0 '+ 00) in
Kompong Cham city and the connection 1o the existing Routa 7 {STA. 3 + 595) on the
east side.

This chapter presents the technical evaluation of the survey results to determine the
most favorable route. '

'River: Crossing Conditlons -

_River Channel Conditions

(1) * River Widih

The river width is quite narrow al the Kompong Cham gauging station, becoming
gradually wider downstream. The siver width, defined as the distance between
the top of river banks on both sides of the river, is 1,170 m at the proposed .
bridge site. itis narrowest, 820 m, at the Kompong Cham gauging slation and f
1,280 m at the C-2 route.

{2) Riverbed

- The selecled sﬂe is localed in the vicinily of the turning poml between riverbed
- scouring and deposmon General scouring is observed along the C-2 rouls,
which is affected by the river flow through the narrowss! section, while the
riverbed level becomes gradually higher due to deposition in the lower reaches.
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General scouring is predicted 1o develop as a result of river bed changes. The
lowest elevation of riverbed at the selecled site is 16 m below mean sea level
{MSL).

The upstream riverbed elevation is much lower, 47 m below MSL at the narrowest
section and 26 m below MSL at the C-2 route, as shown in Figure 11.2.

(3) - Waler Level

The eshmated probable hagh and low waler levels at the proposed site are shown
in Table 11.1. The west riverbank with an elevation of 16.2 m above MSL i is high
enough against the probable hlgh water fevel. However, overbank flood may
occlir on the east riverbank with an elevalion of 14.2 m above MSL, which is lower
{han the probable high water level with a 6-year relurn period. On the other hand,
the top elevation of riverbank at the C-2 route is 15.7 m above MSL on both
sides. Variation of the low water level in 5 years at the selected route, which will
alfect the construction of foundation, was estimated based on the existing data
 as shown in Appendix 11.1.

Table 11.1 Probable High and Low Water Levels
: ‘al the Proposed Site '

Waler Level ; " ‘Relumn Penod (year) _
Msb) 2 s . 10 25 50 100
HW.L. 1362 14.25 1454 1481 1497 1510

LWL . 008 ' 082 073 0.6

{4 FIowVeIocny

The flow velocity was estimated based on the reco:ded maximum dascharge at lhe
Kompong Cham gauging statlon “which was 57,000 m3isec in 1966. The -

estimated flow velocity is 2.84 mfsec at the Kompong Cham gauging slation, '

2 63 mfsec at the C-2 sile, and 2.37 m/sec at the selected route.

Judgmg from the river channel conditions, the selected site is more favorable for
~ the bndge conslrucllon in general, except overbank flood on the 'east riverbank,
‘Necessary flood clearance and height should lhere!ore be prowded on the ?
approach embankmenl on the east riverbank. :

11.2.2 Bearing Layer for Foundalion

Owing to the active scouring nature of the river and the shaliow dep.h of diluvium sand
and gravel deposils in the riverbed, these depost layers cannot support the foundation
of the main bridge. Therelore, the main bridge section over the river will be founded on
the weathered Mesozoic sandstone layer, which lies about 40 m below MSL along the
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11.4

selected routo and has a compressive slrength ol approximalely 40 kgfem?, The pites
can be designed to carry load by both shafl friction and end bearing and can be
extended into the weathered rock to form a sockeited fongth up 1o § times the pile
diameter, considering the rock conditions and depth of sand and grave! deposits in the
river bed.

Road Network

Further consideration about the network lormation is necessary for the determination of
the oplimum route.

Since Iraffic on the Mekong Bridge consists of two types, through traffic and tralfic
related lo Kompong Cham, the bridge should form a best network together with other
roads for this traffic. Two typical types of network formation are considered to cope with
this mingled traffic, one stressing the function of a bypass road in the future for through

* traffic with due consideration of lransaction of traffic related to Kompong Cham, and the

other stressing the function of a rather urban trunk road for urban traffic.

The former types of network is more recommendable {of the following reasons: First,
with the increase of traffic in the long run, mingled traffic in the urbanized area mighl
cause the problems of decrease in the average travel speed and lralfic congastion;
therefore, 1o avoid those problems, a road with considerably farge through traffic should
be located far from the urbanized area. Second, because the land demand for
establishment of new industries such as agro-induslry or commerce is expected to arise
along the route concurrently with the :mprovemenl of Route 7, a road ahgnmenl in the .
area which has available fand for development is advanlageous

Wllh the above concepi the following basic conditions for seleclion of lhe ophmum :

'route are assumed fron the viewpoint of network formation, Firsl, smooth connect:on

of roads on Route 7 on both sides of the Mekong River should be assured Second
the roule should be so aligned as lo form a new bypass way and allow land
davelopment along it in the fulure. Third, because traffic related to Kompong Cham
should also be secured, the route should not be far from the present uiban area.

Taking all th'_e above into consideration, the new roule connecled 1o the existing road,
300 m downstream of the proposed C-2 route, is most recommendable.

Conneclion with Existing Roads and Constralnls

The proposed bridge will 'improve teaffic flows on Route 7 which is currently constrained

" by tha lerry crossing al Kompong Cham. Route 7 itself originates al Skun where it

intersects Rouls 6, and continues in the easterly direction 1o Kompong Cham, over a

" dislance of 45 km. Beyond the ferry crossing the route runs east up o the junction with
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Route 11, then changes to the rortherly direction to Laos, branching off to Viet Nam at
the Cambodian {own of Krek.

The alignment of the approach roads is planned as follows:
(1} Western Approach

The weslern approach road will be located in Kompong Cham city and much of its
tength will be aligned along an existing small street, up to an intersection that is
already relatively busy, calering primarily for light and non-motorized traffic. The
proposed alignment will require the removal of some houses and acquisition of
tand along the existing street for its construction,

ltis intended that in the short term trafiic from the bridge will mova in the northery
direction from the above intersection to Roule 7 in Kompong Cham. in the longer
term, the tralfic will proceed direclly ahead through the inlersection, in the
westerly direclion, via a bypass road (Roule 7) which witl take fraffic lo the western
outskirts of Kompong Cham without passing through the main business district
and residential areas. The importance of the present intersection in ensuring
smooth traffic flows is therefore significant and means Ihat it should be improved.
This will take the 1orm of a roundabout and traffic islands to direct traific flows.

il will also be necessary to improve the small street in the immediate area of the
weslern approach read that will be affected by the proposed roadworks, in order
to insure thal loca! traltic flow is not overly consirained. - This will include the
improvemenits of ane slreet, the relocation of a second and the provision of a
vehicutar underpass for one of the cross sireets.

2) Eastern Appioach

© The eastern approach will pass essentially through open country and therefore
has few éoﬁstraims. Flooding has the greatest impact on the road, and has
delermined the minimum level to be adopted for the road on the eastern side of
the Mekong river.

Soclal Impacts

Upon the preliminary sefection of C-2 as the op!imufn route of the bridge, a detailed sito

survey -was undertaken in order o seallirm a possible alternative route near C-2.
Particufar atlention was given lo the issues of human resettfement and compensalion to
those affected. The detailed lield investigation has revealed that there is a belter
location (C-3 Route), which has fess significant social impacls caused by the
conslruction of the approach roads. The new localion is about 300 melers downsiream
of C-2. As praviously identified, some relatively deveioped commercial structures, e.9.
rice dislibulors, are located in C-2 and the area is considered to serve an economic hub
and play an importan! community function as a place of public assembly in Kompong
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11.6

1.7

11.7.1

Cham. Besides the personal lmpacts of dislocalion of houscholds, particularly those
holding remarkable commercial activities, social impacts include interpersonal impacts
that may arise from the removal of these activities and persons engaging in the
activities. On the othér hand, houses are sparsely located and no significant
commercial activities are observed along the selected route (C-3).

il was also revealed that land prices in the selected route are lower than those in C-2.
This makés land acqulsition and provision of compensalion easier than in the case ol G-
2.

Accordingly, the selected route has advantages in the aspects of social impécis
considering the smaller number of households to be removed, no impact on
commercial aclivities or communily cohesion, and lower land acquisition and
compensation cosls.

Existing Ferry Facilitles and Navigation

The setected route will cross over the existing lerry ramp and the area tavolved in the
upgrading project of ferry landing facilities proposed by DANIDA'T. This project is
scheduled to be implemented in 1997. Theretore, The Cambodian Government has
starled to coordinate both projects: construction of the Mekong Bridge and upgrading
of ferry landing faciities. The main consideration for fulure development of the ferry

system is whether to refain the existing fercy ramp and tacifities or to move all of them to
a néw location (e.g., Prek Tamak}, '

- During conslmchon of the bridge, the existmg Ierry ramp should be moved from time to
“time. The Study Team proposes thal the ferry ramp be shifted 1 km downslream tothe
:. old ferry ramp sile durmg the rainy season, and 300 m upstream lo a lemporary sile
during the dry season, considering the availability of endugh water deplh to aliow lhe f
ferry vessels 10 reach the ramp. - ‘

“- In 1991 the Mekong Secretariat identilied the need 1o upgrade ferry lacilities

at four important river crossings. Denmark through Danish Development

- Assistance (DANIDA), sliressed such a need and diSpalched a consuliant to

prepare Ihe design and tender documents in 1954 The Government of

Camboedia lhrough MPWT, applied via the Mekong Secretariat to DANIDA for

funds of the project implementation, which is now in the stage of conclusion
and verification of the contract.

Description of the Selected Route

‘Horizontal and Vertical Alignment

The proposed bridge will require the construction of approach roads to connect the
bridge to Route 7 al both ends. On the wesl bank this will ba achieved by connection
to the road network in Kompong Cham, wh:ch will also need to be modified to
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accommodate the proposed approach road. On the east bank the connection will be
mada by providing a simple curve which will direct Route 7 to the eastern approach viaa

~ connecting road thal is approximately 2 km in length. ‘An intersection will be provided to

11.7.2

11.7.3

ensure access 1o the village where the present ferry terminal is located on the east
bank.

The proposed alignment is relatively simple with only 3 horizonlal curves along the 3.5
km long approach roads and bridge. Two of the curves are on the immediate approach
1o the main bridge section. These curves will have a minimum radids of 200 melers

i ensuring that speeds of 80 kph can be easily maintained. The vertical atignment is also

very simple, because it is flal, over the majority of the approach road length. Only the
linal approach sections to the bridge itself will have a proposed grade of 3%.

Proposed Right of Way

: The required right of way wil have a nominal width of 40 m (20 melers on each side of
“the centerling), except lhe western approach (in Kompong Cham), the high’

embankment section of the eastern approach and the conneciion with Route 7, where.
the width of the nghi -of- way witl need 1o be moreased 1o as much as 70 melers over |

“short lengths.

‘The grealest impact of the proposed roadworks wnl be felt on the westem approach '
‘where a number of houses and other buildings will need 16 be demolished to provide

the required widith. To ensure thal this impacl would be minimized it was decided to,

Hirstly, shift the road alignment to the north so that properties on only one side of the -

alignment will be affected and, secondly, construct retaining walls for the main approach
embankment whach confine ihe width it occup:es at ground Ievel to that of the road
formation. : :

Land Acguisition and "Comperisalibn

Based on lhe above sludy of the right of way, the Study Team performed an interview
survey concerning land acquisition and compensalion cosls in Kompong Cham

* municipalities. The costs were preliminarily estimated at 1.0 million US doflars, which are

substantially lower than those in the case of the C-2 Route (1 58 million US dottars).

The cons!fuclion of the bridge and :approa:ch roads will imflolvé‘ o disruplion t6 the
existing ui:h!nes such as power: supply, water’ supply and waste disposal. However, -
construclion of service ‘roads and concrete box culverts will be required for maintaining

* existing traflic and draanage wh:ch will be affected by the embankment of approach

roads.
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CHAPTER 12 SITE SURVEYS FOR THE SELECTED ROUTE

12.1

12.2

$12.2.1

Genegral

Site surveys, which consist of topographic and balhymetric surveys, geological
investigation and flow velocily survey were performed along the selecled roule at
Kompong Cham with following objeclives:

{0 ptopose ah atignment of the approach road and associated road works,
and the right of way

{0 plan ihe fand acquisition and resettlement program
- to confirm the bearing layer {or foundation piles

1o examine the river channel condition and estimate the depth of local
scouring

to prepare basic ciiteria .{or bridge design from a geographic and hydraulic
viewpoint .

The site surveys of the bridge crossing and'approach roads were carried out between
10 October and 9 November 1995.

Topographic and Bathymetric Surveys

Detailed topographic and bathymetric field surveys of the bridge crossings and rdad
approaches were performed between the 10 Oclober 1995 to 30 Oclober 1995.

Topographlc Surveys

Topographic suweys included seu:ng oul the bridge and approach road centerlmes

taking cross-sections at 50 m intervals {25 m on curves) for a width of 30 to 100 m, either
side of the centerline (i.e., a 60 1o 150 m band ), and recording the surrounding
topography, structures, roads, and other features.

Topographic susveys for bridge {overland porlion) and approach roads were carried oul
for a length of approximately 3,700 metérs. A plane table survey was also carried out on
the west bank alagnment to establish the position of the streets and houses along the
proposed alignment. This latler survey included the interseclion al which the bridge
approach road connects 1o the existing road system in Kompong Cham.

The following survey drawings were produced:

* Aiignmenl and lopography plans at a scale of 1:1,000, showing the centerline of
the surveyed bridge and approach roads; layoul of existing roads, including
centerline, edges of roadway and width; struclures and other obstructions (such
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12.2.2

12.2.3

as buildings, walls, fences, electric poles, telephone poles, lamp posts, trees,
elc.); location, type, and size of services; location ol river edges; location of
ponds, swamps, canals, and streams; and other topographic data.

. Cross-seclions at scales of 1:1,000 horizontal and 1:100 vertical.

. Plans and ground profiles of the bridge site at scales of 1:2,500 horizontal and
1:1,000 vertical, showing eéxisting ground levels, river depths and waler levels.

. Plans and profiles of approach roads at scales of 1:2,500 horizontal and 1:1,000
vertical, showing exisiing ground levels and preliminary design levels.

- Bathymelriec Surveys

Bathymelric surveys consisied of 9 river cross sections, at the selected site including
echo sounding in the river and normal land survaying between the waler line and the
river bank. Each cross section was of the order of 1,000 m in width.

The lollowing bathymetric drawings were produced:
. River cross-sections at scales of 1 :2,000 hoiizontal and 1:750 verdical.

* River bed contour p'lans at 1:2,000 scale, showing contour lines every 2 m, and
edges of river bank and waler line.

General Topography. and Bathymetry at Bridge Site

The terrain al the site is generally flal, with slopes averaging less than one percent.

‘Elevations are normally higher at the edge of river banks, with the difference between

- bank edge and lowest inland levels being a few meters. River botiom elevation al the
© siteis -16 m at the deepest localion. These and other features of the river crossing and

" the approach roads are summarized in Tables 12.1 below.

The low ground beyond the higher banks which flank the river are subjeci 1o flooding in

" most years. This will need to be taken into account in the final design, to ensure that
- the impac! of the road embankment, on the drainage patlerns, is minimised.

Table 121  Kompong Cham Site {C3) Fealures

" River Crossing

Width 890 m
* . Boltom Efevation -16.0m
“Woesi Bank Edge Eiavalion S 6 m
East Bank Edge Elevation 13.9m

Weslern Approach Roule

Length {excluding intersection) 25592 m
Highes! Ground Elavation 159m

Lowest Ground Efevation o 141 m
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12.3

12.3.1

Vicinily - Tha western approach roule lies within the city of Kompong Cham,
intarsecting several streets (refer to Figure 14.2).

Easlern Approach Route

Length 2,065 m
Highest Ground Elevation 142 m
Lowest Ground Elevalion 9.7 m

Vicinity - The approach roule first runs eastward from the river past its junclion with a
local road sitvated alorigside the river. [l then lurns southward to its junction with Route
7 {see Figure 14.2). There are houses alongside Route 7 and the various local and
access roads. Most of the surrounding area consists of farmtand and bushland subject
lo flocding.

Geolagical Survey
Oulline of Geology around the City of Kompong Cham

The study area for the selected route is between the ferry ramp of Kompong Cham and
a fine 100 m downstream of the monument in Tonle Bel Leu village located on the west
bank of the Mekong River. Aithough the elevation of Konipong Cham city ranges from
10 lo 30 melers abova sea lavel, the elevation of the study area ranges from 1010 15 m.

Geological conditions in the ¢ity of Kompong Cham are a little different from the Neak
Loeung and Prek Tamak areas, as can be seen'in Figure 12.1 which shows the Major
Geoteclonic and Morphotectonic Units of Cambodia. According lo this map, the Neak
Loeung and Prek Tamak areas are located on the Tonle Sap - Mekong Plains, while the.
Kompong Cham area is located adjacent to the south boundary of the South-East:
Volcanic Belt.  Figure 12.1 also reveals that although sédiménlary rocks are in the
majorily in the former unit, volcanic rocks are in the majority in the later unit. Therefore
volcanic rocks begin to appear north of the study area.
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Figure 12.1 Major Geoteb!onlc and Morpholectonic Units of Cambodia

The Study Team executed six driltings aleng and in the Mekong River around the city of.
Kempong Cham. BHC-1 and BHC-3 were carried out in the first site survey, while BH-1

1o BH-5 were performed in the detailed geological survey as shown in Figure 12.2.

These encountered six distinct {ormations in the study area. These formations and the

geological sequence are shown in Table 12.2.

Table 12.2 - Géological Formation for Bsidge Foundation

Geological age ___Formation . DeSCprlIOH Suitability for Foundation
Holocene Allyvium : Clay {Ac), sand (As} - Not suitablo
Pleistocene  Dituvium ! Clay(Dc), sands (Ds) - Not suitable
Tertiary Basallic lava Basattic rocks (To} Suitable
Mesozoic Consolidated sand  Dense sand (Ms). : Suitable
Mesozoic Mudstone Hard day (Mc). - ' Suitable

" Mesozdic Aol ___Weathered Ryolita (Mr)  Suitable _

Aliuvium deposit of Holocene and Basaltic lava of the Tertiary cover the Kompong Cham

" area. Basaltic lava is distributed north of the line connecling the Weather Bureau of
Kompong Cham with the Phum Valt Angkor Krau in Kompong Cham City. Basalt lava
generally covers the area above the 20 m contour while Alluvium deposit covers the
area of lower than 15 m in elevation.

The characteristics of the six formations listed in Table 12.1 are as lollows:

Alluvium deposits -- consist mainly of sand, gravel, silt and clay. These deposits
form a river terrace and active {lood plain including buried channels along the
Mekong River. The results of drilling show that this formation can be divided into
sand (As) and dlay layers (Ac).
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Diluvivra formation -- lies under the Alluvium lormation.  Diluvium formation also
comprises clay, sand and gravel, The results of drilling show that this tormation is

- unconsolidaled or semiconsolidated and can be divided into sand layers {Ds),
clay layers (D), and gravel layers (Dg).

Tediary formation -- comprises jointed basaltic lava (Tb) bearing olivine. This can
be observed on the right side of the Mekong River, around the Weather Bureau.
Basalt is estimaled 1o have a compressive streagth of more than 100 kg per cm?
and an internal friction angle of about 40 degrees.

Memid’.c formation - driling resulls show that the Mesozoic formation lies below
the Diluvium formation and can be divided inlo a consalidated sand layer (Ms}), a
weathered mudstone fayer {Mc) and weathered ryolite fayer (Mr).

12.3.2 Geological Condition of Selected Route

The JICA Team excuted two dritings on both sides of the Mekong River along the
selected roule: BH-1 was located on the east of the Mekong River, BH-2 was at the
opposite side. These drilling logs and the geological profile are shown in Figure 12.2
and the data in Appendix 12.1 to Appendix 12.7. '

The resuits of two drillings are very similar in geological sequence. The geology can be
described as composed of Atfuvium deposn D:Iuvaum sediment, with the Mesozoic
{ormation as the base rock. -

Alluvium deposit that consists of both sarjd (As) and clay iayers {Ac) can be ohserved on
the ground surface. The sand layer {As) conSis_ls of fine to medium sand which is gray
1o brawn in color. The clay layer (Ac) consisls of'siity clay that is hrown to blackish brown
in color. These layers (Ac) lie with a c0ntmuﬁy in the Alluvium deposit. The thickness of
this deposit is estimated to be about 20 meters. N- value is below 10 ThIS deposnt is
nol suitable for the bndge !oundal:on : ‘ : ; P :

The Diluvium sediment whnch underlies the Aﬂuwum deposﬂ comprises sand layers {Ds)
and grave! layers (Dg). The sand layers {Ds) consist of fine to coarse grain sand which is _
gray to brown in color. Gravel layers (Dg) comprise sandy gravel 1o grave! which are pale

gray to grayish brown in color and contain quaris, chert and somelimes basall fragment.

These layers are estimated to lie lenlicularly and discontinually in the Diluviom sediment.-
Clay Fayer (Dc) was nol recognized in the two driflings. The thickness of the Diluvium-
sediment is about 30 meters with an N-value ranging frony 20 to 40 based on Standard
Penetralion Test. The Dituvium sediment is lherefore considered not suitable for the

foundation of big struclures dug both 1o the heterogenelty of consolidation and the low

N-value,

Mesozoic formations are distributed below the Diluvium sedinent. These formations
are formed by a consolidated sand layer (Ms), weathered mudslone layer (Mc) and
wealhered rhyolile layer (Mr). The cores of the consolidated sand layer (Ms) indicale a
very dense fine fo coarse sand which is somelimes interbeded with gravel which is pale
gray 1o yellowish brown in color. This tayer lies continually in the Mesozoic sediment.

12-5



The thickness of this layer ranges from 17 to 26 meters. The samples of weathered
mudstone layer (Mc) show this fayer comprises hard clay with pale brown color. The
distribution of this layer Is limited 10 the right side of the Mekong River where the
thickness is more than 10 meters. The cores of the weathered rhyolite layer (M)
indicate a very dense, homogeneous weathered rhyolite with grayish green 1o grayish
blue color. The distribution of weathered rhyolite layer {Mr) is limited to the left side of
the Mékong River. The thickness of the weathered mudslone layer {Mc) is more than
15 meters.

" Mesozoic formations with an N-value of over 50 are estimaled to have a compressive -
strength is about 40 kg per cm? and a cohesion of about 10~30 kg per em?. These
formations are suitable for the bridge foundation.
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CHAP.TER 13 ENVIRONMENTAL IMPACT ASSESSMENT (EIA)

13.1

13.1.1

Present Environmealal Condilions, Impact Assessment, Mitigation
Measures, Monitoring Programs and Recommendations

As the impacts of bridge construction on the environment are generally considered
minor if it is compared to large-sized infrastructure developments, e.g., road, railway,
and dam, a full-scale impact assessment still needs to be undertaken in order 10
minimize or even eliminate the adverse impacts caused by the project implementation.

The major environmental paramelers which would be adversely alfected by the project
include alr and noise pollution, water quality and aquatic ecology, and human
resefitement. Impacts on other concerned paramsters, soil erosion and siltation,
cultural/historical properties and environmental aesthetics, and transportation system,
are also briefly presented.

Air Qualiiy

The assessment of air quality impacts caused by the project implementation mvoives
monitoring existing air quality to obtain baseline information, and air quality modeling to
predict {uture pollutant levels. The modeling resulls are then compared to the amblent
air quality standards set by the Japanese Government and the Thai Govemmenl

{1} Existing Ambient Air Quality

Exisling air quality was monitored at a total of six locations near the selected bridge
construction location. The pollutant monitored was limited to oxides of nitrogen ('NOx)
due ‘to the unavarlabzhly of the equipment measuring other air poliutants, A
conventional filter budge method was used for the measuremenl and the samphng
period was 24 hours for respeclive measuring pom1s '

The results of the monitoring revealed that the levels’ of NOx were well below the sel
standards of both the Japanese and Thai Governments, 290 micrograms per cubic
meter {ug/m?) and 320 ug/m®, respectively. The results of the measuring are shown in
Table 13.1 below.

As o environmental standards for air quality and noise laeve!s are yel s in Cambodia, tha Japanese standards are applied
toths impadt assessment. The standards setby the Thal governm enl are also referced as example of a practice of neighbaring
countries of Cambodia.
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Table 13.1 Existing ‘Air Qualily near Proposed Bridge Construction Sites

{Unit: ppm)

e A B C LY £

NOx Lavel 18 12 14 20 3
Note:  Following poinls were selected for noise level monitoring:

A: Maijor road facing the Mekong River under bridge approach road

B: Alley under bridge approach foad

C: Major road under bridge appeeach road

D: Traffic circle at the end of bridge approach road

" E: East of the Mekong River

(2)y  Air Quality Modeling and Impact Assessmenl

Fulure air quality was predictéd in terms of NO, using an emission database and
mathematical model. Emission factors were calculated by adapting the United States
Mobile 4 mode!, which was compited by the United States Environmental Protection
Agency in 1985 lor four levels of emission conlrol technologies, namely from Tech | (no

© emission control) 1o Tech IV (three-way catalytic converler}. The Thailand Development
Research Institule Foundation {TDRI), one of leading think tanks in Thailand,
developed a dalabase laking into account of flaet mix between Tech 1 and Tech VI, as
well as improved fuel quality since 1993, and the database is used for calculating the
emission factors for various types of motor vehicles and pollutanis. The calculated
emission factors of NOx are presented below. '

{Unil:g/km)

_ Average Speed (knvhour) 24 32 60 100
Private Car {gasoline) 1.9 206 - 24 3.8
Pickup Truck (diese!) ; 1.4 o242 2.4
Heavy Vehicle {diesel) ~ | 19.0 170 . 17.0 18.0

It should be noted here that oxides of nitrogen (NOx) are no! the same as Nitrogen
Dioxide (NG,), but consist of mostly Nitric Oxide (NO) which is not a pollutant of concem

because it is harmless for human being. Therelore, the comparison of modeled results
‘1o the set standards cannot be made directly.

The average concentrations from a continuous infinite cross-wind line source were
calculaled by the modified Sullon Formuta, with an assumplion that the angle of the
wind to the road is between 45 and 90 degrees, which is presented below.

cC = o.so(exp(-(zm)“’/(as;"))+(exp(-(z+h)2f(2sz2)))?(3z)u

Where: G

It

pollutant concentralion {mg/cubic meler)

Q = emission (mg/m/sec)

z = height of receptor (m)

Sz ¢ = dispersion coefficient (m) -
u = average wind speed (nvsec)
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h = height of road from the ground level {m)

For using the formuta, an initia! dispersion of two melers added lo Sz was applied. For
the preparation of the concenlration contours, a grid of 10 by 10 meters was prepared
for each selected grid point, in which the concentrations were calculated and the
contours were drawn. The diversion coefficient (Sz) for vertical direclion was calculated
according 1o Slade (1968) for slability class B as the power function 0.53 X7 (whero X
is the distance downwind from a source of pollutant), which is a good estimator Iakmg
"into acgount the initial plumé tu:bulence due to wralfic effects when released. The
estimated values are based on instantaneous release, as the nature of the pluma is like
that, and calculated as follows:

al 10 melers: Sé. = 2.84 meters at 20 meters: Sz = 4.72 meters
atl 30 meters: Sz = 6.35 melers al 40 meters: Sz = 7.83 meters

The wind direction related io Q (emission} in the formula was assumed to bé at 90
degrees o the road. If the angle is less than 90 degrees, a factor of Q/sin@ is applied
“instead of Q, where @ is the wind angle. It is also assumed thal the general wind
direction in the project areas is northeast to southwest during winter {November to
March) and southeast to northaast during the rest of the season. itis expecléd thalt the
Easl-West bridge route will be exposed to about 45 degree winds. In the case of 45
degree winds, the conceniration profile would have to be mtjlliplied by a factor of
1.414. Considering relatively stable meteorological conditions in the project influenced :
“ateas, a wind speed {cross-wind flow) with one meler per second is assumed and
applied for all the model runs. '

Far calculating pollutant concentrations, background levels of the pollutants were not
taken into account, because the results of moniloring existing poliutant concentralions
are 50 low that it was determined 1o ignore the background concentrahons Ior lhe :
mode! running ' i

The results of the modeling indical'e that predicted NOx levels at the edge of roads
never exceed 50 ug/m® and the concentration levels are fow enough lo meet the
respective set standards of NO, with 290 ug/m® (Japanese) and 320 ug/m® {Thai).

" {8) ' Mitigation Measures and Monitoring Program

Although no signilicant air po1lulnon problems are anticipated, u is pmposed that’
mitigation measures be {aken inlo consideration to minimize air quality delertorallon _
during both construction and operation stages. Feasible mitigation measures for both

stages of the project implementation follow. ’

~ During the COnst%uciion slage, water and chemical sprinkling would bé an efficient
means to alleviate dusl impacts on readside residents. Additional proposed nieasures
10 minimize air quality decline include; locating a concrete mixing sites at isolated sites,
enclosure of material slockpiles, storage of bulk construction materials in closed silos
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13.1.2

with appropriate dus! preventing filters, shrouding the aperiure for dry mix batching,
and confining working vehicles to designated routes only.

Amblent air qualily monitoring is desired to be carried oul in order to prevent any
unforeseen negative impacls during both stages of the project implementation, It is
recommended that during construction monitoring the dusl levels measured by Total
Susperided Pasticles (TSP) concenlrations, which is the major disturbing malter for
inhabitanls, be performed near the construction siles where inhabitants are nearby.
The selaction of the monitoring points depend on the slage of the construction, but it is’
wise to be suggeste_d al this time that the same stations as air quality monitoring were
conducted be the monitoring points of dust levels during construction. The' monitoring
atl each poinl should be at least 3-day conlinuous wilh an apbropriale interval. During
operation, in addition to TSP, moniloring Carbon Monoxide (CO) should be carried oul
at the same sites al least every five years. All the monitored results have to be senl to
the supervising agencies, i.e., the Ministry of Public Works and Transport and the

~ Ministry of Environment.

Noise

The assessment of noise impacts caused by the project implementation involves
monitoring existing noise levels lo obtain baseline information, and noise level
modeling to predict future noise levels. The modeling results are then compared to the

_ntiszs evel standards set by the Japanese and Thai governments.

(1} Exisling Noise Level

‘The nmp!ementatqon of the project in bolh construction and operation stages witl cause
an increase in noise level near construction sites and atong bridge approach roads.
Noise levels associated with earthworks in construction stage and increased tralfic
volume in operational stage will be increased near construction sites and approach

‘ _roads Back ground noise levels were measured for four days at five monitoring

" Table

locations, four on the wasl of the river and one on the easl ol the river. Monitored noise
fevels are shown in Table 13.2 below.

13.2 Existing Noise Levels near Proposed Bridge Construction Sites
; {Unit: dB)
Dale A B C D, E
Oclober 20, 1995 64 58 55 68 42
Qclober 25, 1995 65 56 55 65 41
Qclober 26, 1995 67 54 60 67 41
_Oclober27,1995 | 65 55 61 67 40

Note:  Following points were selected for noise level momlonng
A: Major road facing the Mekong River undér bridge approach road
B: Atley under bridge approach road
G: Major road under bridge approach road
D: Tralfic circle at the end of bridge approach road
£: Fastofthe Mekong River

13-4



it is found from tha results of monitoring that noise lavels measured on tha east of the
river is nil as thera are only four households near the construction sile and the road
condition along the river is so poor thal it is unable 1o accommodate motor vehicles. On
the west of the river nearby city center of Kompong Cham, however, noise levels are
mixed. Al points A and D, noise levels are relatively high because motorists keep
so'undihg their horns. This indiscriminate horning manner is considered to increase
about 10 decibel if it is compared to the noise levels without horning. At points B and C,
{raffic volumes are lower than those of A and D and not many molorists are driving their
vehicles with indiscriminate hering, resulling in relatively low noise levels.

(2) Noise Level Modeling and Impacl Assessment

The prediction of the noise levels was performed with the general highway noise
mode}, developed by the United States Federal Highway Administration (FHWA). The
computational sequences for the model is as follows:

a)  Reference energy mean emission levels are obtained from "National
- Reference Energy Mean Emission Levels as a Function of Speed’ (FHWA,
1978). Thetermis loEi and varies lor each class of vehicle, i.

b) - A flow adjustment term is added to the number of vehicles per hour (Ni},
_ reference distance (Do), speed (Si), and tlime (T), in this case 1 hour. The

term is + 10log{NDIASIT).

o A disian'cé adjustment, 10[09([)010)“*3), is added, where D is the actual
distance; D, is 15 meters and "a” is site parameter. '

d} A linite roadway . adjuslmenl term can be used for the case of road .
segments al bends. ‘

e} A shielding adjustment term can be added according to specific sites stuch
as earth berms and barriers.

The predicted noise levels are obtained from the summalion of the calculated results of
a) to @), the resultant levels are the {-hour equivalent sound leve! {Leqyy). Inorderto '
gel 24-hour equivalent sound leve! (Leqyq)), the average of a series of tevels was
calculaled. In general, the Leqy, is 2-4 dB loss than the peak Leq(,., because ol the
gen eral traffic pattern, which is heavy during daytame and light during nightlime.

The primary information needed [or the model rur_ming are teallic volume and vehiclo
running speed, by fleet breakdown. Tralfic volumes for passenger cars (PC) and
motorcycles (MC) in years of 2001, 2011 and 2021 are forecast by team's traffic
engineer and these informalion are summarized in Table 3.3 below.
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Table 13.3 Traftic Volume Forecasis near Bridge in 2001, 2011 and 2021

Year  (kmi) PC MC
2001 60 480 1,770
20114 80 1,890 4,980
2021 60 5,080 4,980
Note: PC=passenger car, MC=motorcycle

Similar to the case of air quality modehng, the background noise, which is general!y the
range from 50 to 60 dB for Leqga, was not considered signiticant since the addition of
such law levels would not alfect the noise generaied by vehicle running significantly,
and was therefore not included in the modeling input.

The predicted noise levels were calculated to be the range between 45 and 65 dB.

The Olfice of Environmental Policy and Planning (OEPP) ol Thaitand sets standards for
24-hour equivalent sound level {Leqs) to be 70 dB. K lhe predlcled noise levels
exceed the standard value, the mitigation measures are to be considered. 11 is worth to
nole here that the FHWA Leqy, recommends 57 dB for parks and historical places, 67
dB for picnic and recreation areas, and 72 dB for developed areas. Japan's
Environmental Agency also stipulates the daytime and nighltime noise standards lor
the three lypes of land uses, sensitive areas, residential areas, and mixiure of
residential and commercial areas. The set standards for these areas are 45 dB {daytime)
and 35 dB (nightlime) for sensitive areas, 60 dB (daytime) and 50 dB {nighttime) for .
residential areas, and 60 dB (daylime) and 50 dB (nighttime) for the mixture of
residential and commercial areas. These crileria, applied in the United Slates and
Japan, will also be used for sensitive areas for this study, as no such standards currently
existin Cambodia. ©

In sdmm'érf, the modeling r_es:ullls indicate that there are no significant incremental
increase in noise levels due to the predicted teaffic volumes in specified year.

it may also need to be mentioned about the noise generated during construction slage.
Noise disturbance during construclion is shorter than one during operation; however,
its magnitude is considered much higher than one caused during operation. Typical
construction equipment used for bridge construction and noise levels caused by the
equgpmenl including mitigation measures, are descnbed in Appendix $3-1.

(3) Mitigation Meastires and Monitoring Program

" As itis found thal Iraffic volume increase induced by the opening of the bridge even in -
year 2021 is relatively low tevel, incremental noise lovel increase is considered minimal
and, therefore, no mitigation measures are considered necessary during the
operational phase,

However, temporary sharp increases in noise levels during the construction phase are
anticipated and mitigalion measures on respeclive conslruction equipment should be
“taken into consideration.
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13.1.3

Concerning the monitoring program, during the operation phase of the project, no
noise monitoring is considered necessary; while monitoring during the construction is
recommended to ensure the minimization of the noise impacts to local inhabitants
disturbed by the conslruction.

Water Resources and Agualic Ecology

The Mekong River is a typlcal example of lotic resources having its characteristics of
running freshwaler systems, Although the leve! of water contamination is considered
minor in the portion of Cambodia, with its characleristics ol international river, originated
in the People's Republic of China and passed lhrough other upsiream riparian
counties, Thailand, Myanmar and Lao PDR, the discharge of org_an'ic materials flowing
from the upslream may adverse!y'aflécl the walter quality in the downstream, low
concentration of dissolved oxygen, which is a critical factor for the survival of aquatic
resources. As the introduced organic matter flows downstream, it is subject not only to
decomposition bul also to sedimentation. If the watercourse is long enough and has
sulficient water velocity, running water coul:d'purily the introduced organic matter
through the sell-purification process. However, if organic matter is refeased to the river
along its length, either through unregulated point source releases., €.9., sewerage
sewers, enriched surface runoff, o agricultural water, (though this is not a likely case of
the Mekong River}, a polysaprobic zone (poly = many kinds of, saprobic = peraining to
decay) would extend farther downstream and possibly contaminate the water quality

" near the bridge construction site of Kompong Cham. Theretore, it is worth measunng

the existing water quality for the study.

Anolher aspect of possible water quality deterioration that should be given particular
attention in impact assessment is actual construction activities. These aclivities include
earthmovmg works near the river bank and waterworks in water body., The impacts

- caused by these aclivilies typically‘mclude an incregsed volume of sedimentation and ;
“temporary diversions of streams near river banks caused by earthworks and water

qualily deferioration caused by oil discharge from machinery maintenance and -
excrement discharge {rom conslruction camps. -

{1) Existing Water Quality and Aqualic Resources’

‘Water was sampled at the center of tﬁhe river. Seven parameters, Chemical Oxygen

Demand (COD), Suspended Solid {SS), Dissolved Oxygen (DO), Nifrates, Fecal
Coliform, pH, and Water Temperature, were tested by the Paslure Institute in Phnom
Penh.  The results of tesling are shown in Table 13.4." Il can be understood from the

lable that waler quality is relativély good; good habitual situations for leshwater fish. .

2 Reference was made 10 the Fa‘.shéries ard Integrated Mekong River Basin_Deve!opmerit; Terminal Report ol the Merong
Basinwide Fishery Study prepared by the University of Michigan, School of Naturat Resources and Environment, 1976
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Table 13.4 Existing Water Quality

cOD SS DO Ni!raleé Coliform A pH Temp.
mg/l _mgl mg/} mg'l MPN/100mI Celsius
12 |252 |85 0.78 1,500 7.8 28.5

Fish resources inhabiting the Mekong River near Kompong Cham were identitied by
the interviews with local fishermen and local fishing techniques were also identified,
using lift nels, drift nets, purse seifie nets, push nets, set nets, gill nets, traps nets, and
conical set nels. The results of the interviews revealed that fish commonly caught in the
study area's waler body include families of anchovy, carp, catfish, snakehead, and eel.
Technical names of these fish species are presented in Appendix 13.2.

(2) Impact Assossmient

During construction, water bodies close to the bridge piers will need to be temporarily
diverted and in some cases temporadly dammed, and existing useful water drainage
paiterns may be altered. This could result in irregular and interrupled down stream flow
and drainage, affecling local water users. Bridge conslraclion, pariicu!arly il a new
bridge were conslructed over the major rivers, would have some impacl on aqualic
ecology; the principal sources of water quality deterioration alfecting aquatic ecology
are water stream alteration and sedimentalion changes from earthworks associated with
the bridge piers and approaches, grease and oil discharges from machmery
maintenance, and fecal contamination from construction camps.

During operation, only concemed adverse impacts on water quality is water runoft from
the pavement surlace of the bridge.

“(3) - Mitigation Measures and Recommendations

Ouring constructlon Iocalmg machmery maintenance areas and construction camps
away from the river is an efficient means of prevenling water quality daterioration caused
by bridge construction activities. In order to reduce the chance of oil spills from
construction equipment and fecal contamination from construclion camps, it is
recommended thal the supervising agency be designated the sites for these areas and
“provide adequate facilities 10 deal wilh the activilies. Concerning the prevention of
poﬂulants runoff from the pavement surface, there are no very effective mitigation
measures excepl for mainlaining designed drainage system effectively. Adequale
monitoring of the funclion of the drainage systen of the bridge is recommended.

13.1.4 Soclo-economics and Human Resettlement

Bridga construction will require the expropriation of residential land, necessitaling
relocation of aflected inhabitants,



{1}  Existing Socio-economic and Inhabiting Conditions

Existing socio-econo_mic conditions around the selected bridge construction location
were examined by a series of interviews with local inhabitants and probable involuntary
human reseftlsment situations were invesligated by the field survey. Collecled data
were utitized as a basic information on the analysis.

Although newly proposed bridge construction location is carefully selected, it stil

~ causes some impacts on local inhabitanls who will need 1o be removed, mainly due to
bridge approach road conslfuqlion. There would be some 30 houses likely to be
removed, about 20 on the west side of the river and aboul 10 on the east side of the
river. On the wes! side, most houses alfected will ba caused by censtruclion of bridge
approach road, white on the east side, caused by the construction of an interchange
connecling an approach road and exisling Route 7. It is worth noted here that
resporisible agency on this matter is not the Ministry of Public Works and Transpont, but
Kompong Cham authority. A discussion between the Study Team and Kompeng Cham
officials, headed by the Depuly Goveror, was made in November 19385, and it was
confirmed that the local authority will take appropriate actions in order not to make
anybody worse ofl. An appropriate reseltlement program drafted by the Study Team is
described in the following section.

A'total of 111 households were interviewed. Internviewed households were randomly
selected and the interview was conducted based on a prepared questionnaire, asking
for household structure, occupation, emp!oyme'nl status, education background, land
ownership, and allitudes lowards the project. The resulls of the surveys are
. summarized in Table 13.5. ' :

Table 13.5 Resuits o'f:Sc)cIo-Econom_lc Survey

Average size of household 6.8 persons
Monthly household income }JMSﬁBS}S{Average) us$200 (Medcan) US$50
)
Land price {per m°) US$236(Average) US$137 (Median)
' US$568 (Mode)
Per cent own land 98 %
Education background 4% {Etementary) 45% (Secondary)
- 51% (Higher)
Allitude towards project 99 per cent in faver .

The results of survey indicate that in this relatively developed area most of household
heads are engaged in governmenl services or private merchandise, some cases both,
and their monthly Incomes genetally fall inlo the range between US$50 and US5$200.
Some households earn more than US$5,000 per month, which pushes up average
income lo be US$886. Most of the lands in which houses are built are owned by local
inhabitants. The land price is gradualiy increasing lately and the curcent estimated fand
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prices range between US$9 and US$833 per square meler-.3 As the survey was
conducled in the center part of Kompong Cham, mode of land price resulted US$568
(6 samples). Local inhabitants in the area have generally good education background,
more than 95 per cent having secondary or higher schooling. It was ascedtained from
the Interviews that people are quite positive to the project implementation. The
investigation revealed thal the overall reaction 10 the project is very positive, more than
99 pér cent of interviewed persons were in favor of the bridge and expected increased
employmenl opporlunities as construction ‘workers, more convenience of quick river
crossing, and overall economic developmenl in the regions. Some respondents
stressed that appropriale compensation should be provided to those alfected,
including reselllement plans and mitigation measures on bridge construction and
operation.

(2) Impact Assessment

Induced socio-economic impacts typically include popiilation increase, changes in
employment opportunity, and land price changes. Some area-wide population increase
are expected mainly caused by improved lraffic flow in the influenced area. Bridge
construction may nol significantly affect employment opportunity of local inhabitants as
mosl of them are found o have their jobs in government agencles or commaercial
entities. Land prices changes are also expected although no specific land price-
increasing factors directly induced by the bridge operation is determined.

-Concerning the impacls on land expropriation, i.e., human resetilément, adverse
impacts on the relocating local inhabitants can be ofiset by the provision of appropriate
- countermeasures. The interview survey with local inhabitants has revealed that majority
Cof the inhabitants agree to move 10 rerocated pfaces only if they are given al least same
‘ revel of living slandards '

{3): ._Miﬁgation Measures and Recommendations

Viabte mitigation measures 1o minimize negalive indiced socio-economic impacls
include the control on changes in land use. In order to prevent unfavorable land value
hike, new commerciat and industrial development in likely affected areas must be strictly
- controlled. Therelore, it is recommended that relevanl agencies prepare appropriate
land use planning, in line with bridge operation/management program.

Realignment, bypassing the affected areas as much as possible, would be the first
measure o be considered o alleviate land expropriation impact, refated to human
relocation problem. If this measure is not viable, appropiiate compensation measures
should be taken place; the measures should include provision of sufficient fund of
substitution housing In proper locations to keep at least same lavel of living standards

-3 {{ shotid be roted thal tand prices shown In the above table Include tha cast of fand itssif and structures, houses ardlor
commercial buildings, on the fand. it was undetstood froni the intendews with olficials that laid pricas are greatly dependent
upon the value of buliding structures and contiibution of land to “the Tand prica® is relatively mmor it should be further noted that
the land prices shown in the table ara values estimated by those interviewed as land pricing system has yet established in
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for relocated inhabilants. Resettiement plan is drafted by the Study Team and the plan
is described below.

(1) The iniial design stage makes a detailed investigation of the area of fand required
and the number of houses to be remeved according to the bridge construction.

(2) ' Based on these estimales the requiring body prepares an acquisition budget
using compensation values currently enforced in Konipong Cham province about
compensation unit price of requisition land, pulling down and removing houses.
The detailed engineering desigh of the project is then used 1o check the
accuracy of the preliminary estimates,

(8) The requiring body then officially presents the land offices in Kompong Gham
with detailed plans, detailing the location and amount of land and number of
iouses required. The Prefectural land offices together with the county's (or
city's) tand offices then take responsibility for verifying the land and house
requirement pans and calculaling the compensation values.

(4}  The requiring body then depasils the agreed compensalioh naymenlt with the
~ relevant land office within ten days. Thereafter the requiring body together with
the local tand administration officials begins the Iegal enforcement p‘roceSs This
begins with informing those affected of the loss of their lands or houses. Then,
with local consent and information, the local authority is required to plan and build

~ new houses and aliocale new or existing land before making the site available. -

(5)  After this time the construction unit, working togelhér with the local land au!horiiy,
assists people to move o their new sites. This is followed by the demolition of
slructures and site c!earance some two months before pro;ect conslrucuon

. begms

in any case the resettiement pIan should Specny alternative resetllemenl sﬂes ThISl}‘
kind of plan should be sludied in depth well-before aclual consiruclion starts. “The
information provided in the reselllement plan for the new sites should encompass host
population, resource use pallern, social infrastructure, invenlory of fauna and flora, and
assessment of public health conditions.

It is also recommended that a public hearing be held at proper liming. The heanng is
desired to be organized by relovant agencies and 10 be based on integrity and goodwill.
The purpose of the hearing is 10 solve conflicts between an executing agency and
anhabitants Hence, the hearing has 10 provide a whole picture of the project, both pros
and cons, with inhabitants, and the agéncy acquires better understand of inhabilants’
concern, A success{ul pubhc hearing is’ cOns:dered !mporlanl slep for smooth
implementation’ of the project.” Since adverse impacts of this bridge project are
considered relatively small, holding an appropriate public hearing on proper timing is
strongly recommended. '
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