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CHAPTERR 4 TRAFFIC FORECASTS
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Traffic Study

This seclion summarizes the results of traffic count surveys, origin-destination interview
surveys, and ferry waiting time surveys performed for this study. A brief description of
river lransporl is also presented.

Road Trallic
(1) Daia Sources

The mosl usefu! data source regarding road tralfic is the Cambodia Transport
Rehabilitation Study {TRS) sponsored by the Asian Development Bank. The Cambodia
TRS was conducled in 1994, and it provides information pertaining to an origin-
destination survey carried out at 6 sites in February and March 1994 (one of which was
at the Neak Loeung Ferry), and 1993 traffic counts conducted by the MPWT at 40 sites
throughoul Cambodia as part of the JICA Chroy Chongvar Bridge Reconstruction
Study. These data are compared lo the Wraffic survey results of this study at the
app:opnate seclions in this chapter.

{2} Existing Ferry Services

The two main ferries crossing the Mekong River are the Neak Loeung and Kompong '
Cham ferries owned and operated by the MPWT. The Neak Loeung Ferry operates
tivee boats, the largest of which can accommodate about 30 cars and trucks or 180
tons. The medium-sized ferry can transporl about 20 cars and trucks or 120 tons, and
the smallest ferry can hold about 10 cars and trucks or 60 tons. During peak periods, all
three boats are in operation however, throughout mos! of the day only two boats are

ulitized.

“The Kompong Cham Ferry opéra:es two boats, the largest of which can accommodate

about 10 cars and lrucks or 60 fons, similar to the smallest of the three boals al Neak
Loeung. The second boa! is actually a barge pushed by a tugboat, and il can handie
only about 5-6 cars and trucks or 40 lons.

The Neak Loeung and Kompong Cham ferries can easily accommodate heavy trucks,
while the privately operated Svay Chrum and Prek Tamak ferries can only lransport
relatively light vehicles and a maximum ol two sedans or pickups per boat. The S\Jay
Chrum Férry has three boats; howaver, usually only one is utilized throughout the day.
The Prek Tamak Ferry operates two boals. The privately operated Kompong Cham
Ferry has two boats, and il can only lransport pedestrians, bicycles, and motorcycles.
There are an additional 29 privale ferries operaling in Kandal and Kompong Cham
provinces; however, these lerries are limiled in capacily like the private Kompong Cham
Ferry and are nol capable of salely transporting vehicles other than bicycles and

.- motoreycles.



{3}y Traflic Volumes

Traftic counts were conducted for this study al 17 locations in the Study Area from 30
April to 14 May 1995, including the Neak Loeung Ferry, Svay Chrum Ferry, Prek Tamak
Ferry, two Kompong Cham ferries {one private, one public), and Routes 1, 8A, 7, 11,
151, and 315; each location was surveyed for a seven day period, 12 hours pear day
{i.e., 06:00-18:00}, with volumes recorded al hourly intervals for 13 different vehicle
types. Three teams were employed: one based in Neak Loeung comprising ferry stalf,
one based in Phnom Penh consisting of MPWT stalf, and a third based in Kompong
Cham made up of staif from the Kompong Cham Pravincial Depantment of Public Works.
A total of 112 person-weeks (784 person-days) was required to conducl these tralfic
coun! (and simuitaneous origin-destination interview) surveys.

The survey locations are shown in Figure 4.1, and traffic count results are summarized
in terms of vehicular ADT and average daily PCUs in Figu're 4.2. The highest vehicwar
traffic volumes were observed along Routes 1, BA, and 7, with vehicular ADT volumes
of 4,870, 5,440, and 4,420, respectively. Delailed traffic count results are presented in
Appendix 4.1, and example survey formis are included in Appendix 4.5.

Traffic count results for the Neak Loeung, Svay Chrum, Prek Tamak, and Kompong
Cham lerdies are summarized in Figure 4.3 and presented in some detail in Table 4.1."
Traffic Is highes! at Neak Loeung, followed by Kempang Cham, Prek Tamak, and Svay
Chum. From this table; il is clear that tha majorily of vehicular kaffic ¢rossing the
Mekohg River consists of non-niolorized vehiclas (NMVs) and motorcycles, with 25.2%
~and 58.8% vehicular hraffic shares, respeclively. - By conlrast, sedans, trucks, and

~ minibuses/buses represent 6.4%, 1.9%, and 5.3% of the total vehicular river crossing
volumes.

‘Table 4.2 cd_mpare's tralfic counts resulls between this sludy and MPWT counts

 conducted in 1993 (as reported in the Cambodia TRS} al four locations. The two survey

points that are practically at the exact same site in both studies are Localion No. 11
(Rome 1, 20 km southeast of Phnom Penh) and Location No. 16 (Route 11, 5 km north
“of Neak Loeung); at both of these sites, tralfic volumes of molorcycles, light vehicles,
and heavy vehicles have increased. The most significant change between these two
lacations is a doubling in the number of motorcycles traveling on Route 11 between
Neak Loeung and Prey Veng.

According 1o the other two locations shown in Table 4.2, traffic along Route 7 has
increased significantly, probably the resuit of the rehabilitalion of Route 6A. Route 11
norlh of Prey Veng appears 1o have experienced a drop in light and heavy vehicte
trailic; however, this reduction may be the due 1o the Route 11 rehabilitation works,
including the reconstruciion of an impassablé bridge,? being carried out al the time of
the May 1995 survey.

 'Somavolumes may ditter slightly fom those preseated in tha Progress Reportof July 1895, Atier further review of the data
input work performed in Gambodia, several data entry errors were discovered. These enors have been corcecled, and the
acourate figures are refiecied in this répont, including the altached Appendixes. ’

A makeskifl faterite diversion coad {in very poor condition) was available to bypass this bridge.
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Tabte 4.1 Traffic Count Sutvey Results at the Four Mekong River Crossings,
Daily Tratfic {combined for both direclions), May 1995
— Travel Mode - Neak Svay Prek Komp. Total
Losung Chrum  Tamak  Chaml
Pedeslrian or Passenger o 8,199 11 181 2,747 11,138
Bicycle, Bicycle-with-Trailer, Cyclo 619 135 209 440 1,403
- Animal Cart 31 9 15 26 81
Motoreycle 907 688 928 933 3,456
Motorcycle-with-Trailer 9 1 2 1 13
"~ Sedan 285 6 29 59 379
Public Trénsport Pickup {(Minibus) 203 11 35 249 .
Standard Bus _ 55 2 2 3 62
4WD, Standard Pickup 42 2 17 23 84
2-Axle Truck {Other Than Pickup) 30 7 . 4 49
3-Axle Truck 31 i3 44
34+ Axle Truck 5 13 18
Mititary or Police Vehicle 36 8 42
Total No. of Vehicles 3 2,252 843 1,219 1,564 5,878
Total No. of MVs (excluding MCs)2 696 19 68 165 940
Allvehicla types . 1,400 257 " 418 664 2,739
Total No. of PCUs  Excluding NMVs 969 2 81 265 1,326
" andMCs ‘ .
- Noles: Vlactudes both the Private and MPWT Kompong Cham ferries,
QMVS molorized vehacles MGCs = molorcycles.
Table 42 ' Comparisﬁon (;':f T’ra'fll‘ié Count Resulls between this Study and
: - MPWT Counts Conducted in 1993
Loc. Description May 1995 Traflic Count  MPWT Ocl. 1993 Traffic
No.’ Survey Results Count Survey Resulls
Vehicle Type Vehicle Type
MC Light Heavy MC - Light Heavy
- 11 Route 1; 20 km SE of Phnom Penk = 2376 1618 302 2330 1435 223
13 Roule 7,45 kaol Kompong Cham 1657 1219 196 1857 160 76
16 Roule 11; 5km N of Neak Loeung 1481 454 84 775 248 77
17 Routle 11; 24 km N of Prey Veng 1142 220 70

95 44 1214

Table 4.3 compares trallic counts between this study and the Cambodia TRS al the

~ Neak Loeung Ferry. Interestingly, the total numbes of motor vehicles including
motorcycles has increased by 4.5%, while the tolal number of molor vehicles excluding
molorcycles has decreased by 4.9%. Perhaps this observation reflects different travel -
characteristics belween the seasons during which ihe traffic count surveys were
underlaken (ie., May 1995 vs. ‘February/March 1994). '



Table 4.3 Compa'rlsoh of Traffic Counts al the Neak Loeung Ferry
Vehicle Type May 1985 Cambodia TRS 1924
_ o Tralfic Count Survey Results  Tralfic Count Survey Results
Motorcycle 907 802
Motorcycle-with-Trailer 9 6
Sedan 285 366
Minibus, 4WD, and Pickup 245 181
Standard Bus 55 88
2-Axle Truck 30 54
3-Axle Truck 3 32
3+ Axde Truck 5 -5
Military or Police Vehicle _ 36 _ -
Total No. of MVs 1,603 1,534
Total No. of MVs {excluding MCs) 656 _ 732
Total No. of MV PCUs 1250 . 1,269

4}~ Time Vadalions

Because traffic counts were recorded al houtly intervals, the traffic distribution by hour
by vehicle type can be easily determined.! The peak peri'od for westbound traffic al the
Neak Loeung Ferry, lor example, is 08:00-09:00 with a 14.7% share of '\_.re_hicular ADT;
the peak hour for eastbound tralfic is als6 08:00-09:00 with a 13.1% share of vehicular
" waffic. Interestingly, there is basically no aflerncon/evening peak period ai this location.
The Svay Chrum Ferry has very pronounced peak 'periods in the morning for
- westbound tral{ic and in the allerncon for eastbound tralfic; this paitern reflects the,
© many commuter 1rips made at this location. The Prek Tamak and Kompong Cham
. (MPWT) ferries have relatively high morning peak hour vo!umes in bo!h direcllons with.
- {lalter evening peaks - ;

{5) Vehicle Utitization

Vehicle ulilization rates, determined from the origin-destination suwéy resulls, are’
shown in Table 4.4 for 10 different vehicle types at the Neak Loeung, Svay Chrum,
Prek Tamak, and Kompong Cham (MPWT) ferry crossings. From this table, itis clear that
- most vehicles have relatively high person/passenger accupancy rates. Consider, for
example, that the overall average occupancy is 1.5 persons for molorcycles 45 for
sedans, and 6.1 for four-whee! drives (4WDs) and standard pickups. Also, 3-axie and
34+ axle trucks at Neak Loeung tend to be heavily loaded with an average 8.6 and 17.4
tons of goods, respectsvely, significantly more than truck lodds at Kompong Cham. The
reason for this discrepancy appears o be that a significant number of emply trucks are
hired in Kompong Chany; these emply trucks ¢ross ihe Mekong River via the Kempong
Cham MPWT ferry o 1he east side of the river where they are subsequenily loaded with
materials, which the trucks then haul to Svay Rieng and/or Phnom Penh via Route 11.

“Theso data are peovided in labular fofakin Appemjx 4.5,
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Table 4.4 Vehicle Utilization Results (from the Orig'in-Destlnaiion
Survey), May 1995 -

Vehicle Type

Neak = SvayChium PrekTamak Konipong — Tolal
Loeung Cham
Bicycle, Bicycle-with-Trailer, Cyclo
no. of bbservalions 518 753 1,151 198 2,620
personsfvehicle 1 1.4 1 1.1 1.1
Animal Cart _
no. of observalions 20 4 58 100 182
passengersfvehicle 0 0.5 0.7 06 0.5
load, tonsivehicle 0.2 0.1 0.2 0.5 0.4
Molorcycle .
no. of observations 2,232 4,574 5,593 1,751 14,150
Ivehicle 1.4 1.4 1.6 1.8 1.5
Sedan
no. of observalions 1,609 59 237 466 2,371
personsivehicle 4.5 3.6 4.1 4.9 4.5
Public Transpont Pickup {(Minibus)
no. of observalions 1 0 93 82 176
passengersivehicle - i2.4 9.5 11.4
Standard Bus :
no. ol observalions 137 0 14 9 160
passengersivehicle iz2.2 16.9 8.7 12.4
load, tons/vehicle i.7 0.6 0.5 1.6
4WD, Standard Pickup
no. of observalions 471 0 15 327 813
persons/vehicle 6.3 8.4 5.6 6.1
load, tonsivehicle 0.7 1.2 0.6 0.7
| 2-Axle Truek (Other Than Pickup)
© -+ no. of observalions 120 0 1 79 200
passengersivehicle . 6.4 3 5.1
load, tons/vehiclo 28 3.4 3
3-Axle Truck '
~ no. ol observations 168 0 0 24 192
passengersfvehicle 2.3 1.7 2.2
load, tonshvehicle 8.6 2.6 7.8
34 Axle Truck
no. of observalions 3 0 4] 37 69
passengers/vehicle 1.5 2 i.8
load, lons/ivehicle 17.4 - 2.4 9.3

Nole: 1 Public Transport Pickups {Mmlbuses) al the Neak Loeung Ferry may have been mscoded by the
“surveyors as Standard Pickups.

2 The relalively low loaded shown for 3- axie and 31 axles rucks at the Kompong Cham Ferry have
been verificd with an additional small-scate survey.



Tabla 4.5 compares vehicle utilization resulls between this study and the Cambodia .
TRS al the Neak Loeung Ferry. In ali cases, the observed number of passengers and
tons per vehicle by vehicle type are very similar between the two studies. From these
data, it is evident that average truck loads for 3- and 3+ axle trucks have increased while
their passenger cccupancies have decreased.

Table 4.5 Comparison of Vehicle Ulilization Results al the Neak Loeung Feriy

Vehicle Type - May 1995 Cambodia TRS1994
_ 0-D Survey Resulls O-0 Survey Resulis
Motorcycle
no. of observations 2,232 400
persons!vehide 1.4 1.7
Sedan
no. of observalions - 1,609 596
persons/vehicle - 4.5 56
Standard Bus '
" no. of observations 137 57
passengersivehicle 12.2 11.4
4WD, Standard Pickup
no. of observations 471 358
persons/vehicle : 6.3 8.8
2-Axle Truck (Other Than Pickup) j -
no. of observations _ 120 90
passengers/vehicle 64 7.2
* load, tonsfvehicte 2.8 3.4
3-Axle Truck _ _ _
* no. of observations _ 168 65
passengers/vehicle 2.3 : 53
) load, tonsivehicle - - 8.8 ' 6
3+ Axle Truck : o o f
no. of observalions 32 13
passengers/vehicle 1.5 2.4
load, tonsivehicle 17.4 _ 15.3

Another aspect of vehicle utiization is emptly-truck ratio, which is presented for the
three truck types at the Neak Loeung and Kompong Cham (MPWT) fery i:ro"ssing:s.
According to this table, the emply-truck ratio is lowest al Neak Loeung for 3- and 3+ axle
trucks and lowest al Kompong Cham for 2-axle trucks. The average Mekong River '
crossing emply-truck ralio was determinéd to be 29.7%, consistent with an assumed
30.0% emply-truck ratio (in a previous study) for Cambodia as a whole at this stage of ils |
development.’ {Table 4.6)

.., PADECO Co., LWd., Promoti Subregional Cooperalion Among Camboda, The Peopla's Republic of China, Lao PDH,
Myanmar, Thailand and Viel Nam: Feasibitily Study of the Ho Ghi Minh-Phnomn Penh-Bangkok Road Project, Final Repor -
WMain Text, Aprit 1995, p. 3-27, which lorecasta 30 0% emply-lruck ratio for Cambodia for the period 1695-2000.
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Table 4.6  Additional Truck Utitization Results (from the 0O-D Survey), May 1935

Vehicle Type Neak  SvayChrum Prek Tamak Kompong  Tolal
_ . Loeung Cham

2-Axte Truck {Other Than Pickup)

no. of observations 120 1 79 200

emply truck ratio 33.60% 23.50% 29.30%
“load, tons/lpaded vehicle 4.1 4.4 4.3

3-Axle Truck

no. of observations 168 0 24 192

emply truck ratio 20.40% 48.30%  24.90%

load, tonsAoaded vehicle . “10.2 5 9.8

3+ Axle Truck

no. of chservations 32 0 37 69

emply truck ratio 9.30% 68.90%  47.00%

toad, tonsfloaded vehicle 19.2 9.1 155

Total for all Trucks

no. of observalions 320 140 . 461

emply truck ratio 25.80% 36.90% 29.70%

load, tonsfloaded vehicle 8.4 - 5 7.3

8) Trip' Purposes and Types of Commodities

The percentage shares of different vehicle Wrip purposes and types of commodities,
also ascertained from the origin-destinalion survey resulls, are shown for NMVs,
molorcycles, sedans, and 4WDs/pickups at the tour main ferdes in Tables 4.7 through
- 4.11. In nearly all cases, trips made for personal business reasons are those mosl
frequently observed at the four locations, with shares ranging from 27% to 87%. Al lhe
Neak Loeung, Prek Tam;wk, and_K¢d1pong Cham lerries, a refatively high proportion of
| 4WDs/pickups iurictior) as shared laxis® 32%, 26%, and 33%, respectively. Oul of the
four ferries, commuling trips represent the highest proportion of total trips at the Svay
Chrumi Ferry.'" Also, al the Svay Chrum and Prek Tamak ferries, a refatively high
proporlion of trips made by sedans were {or family/social reasons, with shares ol 27%

- and 22%, respectively.

"It was learned during the execution of the origin- destinalion surveys thal 4 largo numbear of civil servants live in the Svay

Cheum area on the east bank of the Mekong River, £0% of all motorcycle trips and 2

- 10

% of all sedan trips were CONWMLLING trips.



Table 4.7 Vehicutar Yrip Purposes Welghted by Trips per Week,

Neak Loeung Ferry

Trip Purpose Neak Loeung Ferry .
NMV Motorcycle Sedan 4WD, Pickup
To/From Work 1% 8% 8% 7%
Employer's Business 3% 9% 4% 2%
Personal Business 56% 62% 64% 55%
Education/School/Training 19% 4% 5% 0%
Medical 10% 3% 1% 0%

- Family/Social 4% 10% 6% 2%
Recrealion/Leisure/Tourism 5% 5% 5% . L 2%
Shared Taxi 2% 1% 8% 32%
Tolal 100% “100% 160% 100%

Table 4.8 Vehicular Trip Purposes Weighted by Trips per Week,

Svay Chrum Ferry

Svay Chrum Ferry

Trip Purpose
NMV__ Motoicycle Sedan AWD, Pickup _

ToiFrom Waork 22% 50% 21%

Employer's Business 2% 2% 8% -
Personal Business 54% . - 36% 27%
Education/School Training 19% 4% 6%

Medical _ S 0% 0% 0%
Family/Social 3% % 27%

. Recreation/Leisure/ Tourism 0% 19 11%

Shared Taxi L 0% 0% 0%

Tolal 100%

100%

100%

Table 4.9 Vehicular Trip Purposes Weighted by Trips per Week, -

Prek Tamak Ferry

Trip Purpose Peek Tamak Ferry

. NMV Motorcycle Sedan 4WD, Pickup
To/From Work o 1% 7% 18% 0%
Employers Business 3% 2% 12% - 6%
Personal Business 87% 68% 28% = 52%
Education/School/Training 1% 2% 10% - - 18%
Medical 0% 1% 1% 0%
Family/Social 8% 19% 22% 0%
Recreation/leisure/Tourism 0% 1% 7% 3%
Shared Taxi 0% 0% 2% 26%
Tolal 100% 100% 100% __100%




Table 4.10 Vehicular Trip Purposes Weighted by Trips per Week,
Kompong Cham (MPWT) Feiry

Trip Purpose Kompong Cham (MPWT) Ferry
_____ L NMV  Motorcycle Sedan 4WD, Pickup
To/From Work 2% 10% 13% 19%
Employer's Business 0% 5% 1% 3%
Personal Business 84% 77% 36% 31%
Education/School/Training 4% 2% 2% 2%
Medical 1% 1% 0% 1%
Family/Social 7% 3% 5% 6%
Recreation/Leisure/Tourism 1% 1% 7% 4%
Shared Taxi 1% 1% 37% 33%
Total 100% 100% 100% 100%

Table 4.11 Vehicular Tiip Purposes Welghted by Trips per Week,
Average of the Four Ferry

* Trip Purpose _ Average of the Four Ferries

. _ NMV Motorcycle Sedan 4WD, Pickup
To/From Work ' 8%  26% 10% 1%
Emiployer's Business 2% 3% 4% 2%
Personal Business . 69%  55% 55% 47%
Educalion/School/ Training 1% 3% 5% 1%
Medical : 3% 1% 0% 1%
Famity/Social . : 6% - 11% 7% 3%
~ Recreationfl.eisure/Tourism 1% 1% 5% ' 2%
Shared Taxi ' : L 1% 0% 14% 33%

Tolal o 100% 100% 100% 100%

' The percentage shares of different comimodity types hauled by all vehicle classes al the
four ferries are shown in Table 4.12. ‘Manufactured goods and agricultural products are
frequently transported at all four lefres, with shares of manufactured goods ranging

from 19% 1o 26% and those lor agricuitural products ranging from 17% lo 35%.
Construction materials are also commonly observed at Neak Loeung (18%), while
food/drinks are prevalent at Svay Chrum (31%) and Prek Tamak (29%). The Kompong
Cham {M PWT') Ferry had the highest proportion of goods classitied as other (22%).



Table 4.12 Commodily Types Welghled by Tonnage per Week for All Vehicles

Commoditly Type  Neak Loeung Svay Chrum Prek Tamak  Kompong  Average of the

Ferry Fewry Ferty Cham Ferry  Four Ferries
Agricullural Products 17% 29% 35% 12% 17%
Logs/Lumber 4% 0% 1% 4% 4%
Food/Drinks 7% 31% 29% 19% 12%
Manufactured Goods - 28% 21% 19% 21% 2d%
Construclion Materials 18% 7% 9% 10% 15%
Fuel!Chemicals 16% 4% 0% 12% - 14%
Other 12% 7% 6% 22% 14%
Total 100% 100% 100% 100% 100%

(7) Origins and Destinations

As reterred 1o earier, a comprehensive origin-destination survey was conducled al the
Neak Loeung, Svay Chrum, Prek Tamak, and Kompong Charn (MPWF) ferry locations in
conjunction with the tralfic count surveys for seven days, 12 hours per day, al each
localion {see Figure 4.1). This survey, therefore, covered the majorily of transport
croséihg the Mekang River. Drivers of vehicles wailing to board ferries al both sides of
the river were questioned regarding (1) trip origin, (2} trip destination, (3) time feft origin,
{4) expected arrival time at destinalion, (4) vehicle capacity in lons, (5) load in lons, (6)
lype of cargo, (7) Urip purpose, and (8) average number of roundliips per week.
Surveyors also recorded the vehicle typa, occupancy, and time of interview. Example
survay lorms are included In Appendix 4.5. :

A tolal of 21,523 interviews were conducted {compared to 10,479 processed O-D
interviews in the TRS study), making this survey the largest of its kind in al least 20
years. The number of interviews per site is shown in Table 4.13." '

s important 1o note that each driver was interviewsd only once during the week {at only one side of the river); this
pracedure was followed {1} 1o ensure feliabls resuis whea expanding ofigin-destinalion survey re‘?onses by vehicle type
K

according 10 the number of roundlips per week and (2} 10 reduca the number of interviews thal wou

ced to be processed.

Therefora, 2 drivers wera sereened pact Lo conducting an inferview, if a driver had already bogn interviewod earber in the week
at either sido of the river, he'sha was nol re-interviewed.



Fable 413  Number of O-D Interviews per Localion

Location Processed Percent

e Intorviews
1. E. Neak Loaung 2959
2. W, Neak Loeung 2,463
Total 5,422 25.2%
E. Svay Chrum 2,561
4. W. Svay Chium 3,136
Tolal 5,697 26.5%
5, E. Prek Tamak 3,220 -
W. Prek Tamek 4,081
Total 7,301 33.9%
9. “E. Komporg Cham 1,536
10. W Kompong Cham 1,567
- Tolal . 3,103 14.4%
Grand Total 21,523 100.0%

A total of 34 zones were adopted, as shown in Figures 4.4 through 4.6; most zones
correspond to provincial boundaries. For the purposes of this study, the provinces of
Kandal and Kompong Cham were subdivided along the Mekong River; Kandal province
- was flurther divided into' N.W. Kandal and S. Kandal al Phnom Penh. Prey Veng
province was split into N. Prey Veng and S. Prey Veng lo enable analysis of the
polential diversion of trips between N. Prey Veng and Phinom Penh from the Neak
Loeung Feﬁy to a possible bridge near Prek Tamak.' The cilies of Sihanoukville, Ho Chi
- Minh Cily, and Bangkok were designated with exclusive zons numbers, as well as the
“border towns of Bavet/Moc Bal (Cambodia-Vietnamese border) ‘and Poipet
 {Cambodian-Thai border). The resulting year 1995 Mekong River crassing malrices for
average dai1y'_pass’enger transport and average dailyilonnage transport are presented in
Appendix 4.2° and summarized in Table 4.14. As expected, origin-destinalion
combinations vary by vehicle type, with NMVs traveling relalively shori distances,
motorcycles making medium-distance trips, and other motor vehicles (e.g., sedans,
trucks) traveting longer dislances. Assuming all of the passengers and goods toffrom
Bavél/Moc Bai have deslination/origin in Vietnam, the average number of passengers
to/from Vietnam that cross the Mekong River in motor vehicles other than motorcycles
represents 4.3% ol the total number of passengers traversing the river.

*A simitar diversion of Irps is 2lso possible for Wips between E. Kompong Cham and Phnom Penh.

*Mate that these volumes have not been adjusted to accouni lfor the additional (senall) ferries crossing the Mekong River at
other locations. These additional ferres, however, are capable of transporting only passengers, bicycles, and rootorcycles.
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Table 4.14  Mekong River Crossing 0O-D Survey Resul!s

% of Avg. Daily Passengers (TofFrom) % of Avg. Dauty Tonnage

Zone Province NMvst Motor- Other From To
cycles MVs?2
1 Phnom Penh 5.5% 28.6% 44.9% 43.5% 29.8%
2 $.Kandal 120.8% 4.5% 0.6% 0.7% 1.9%
'3 E.Kandal 11.8% 18.9% 3.8% 16% = 3.1%
4 NW.Kandal 7.4% 2.5% 0.3% 1.1% 0.5%
5 N.PreyVeng 13.1% 7.6% 4.3% 1.2% 9.7%
B S. Prey Veng 6.7% 3.2% 14.6% 4.5% 3.9%
7 Svay Rieng 2.0% 3.4% 12.7% 7.9% 12.2%
8 E. Kompong Cham 16.3% 16.0% 11.0%  13.3% 13.9%
9  W. Kompong Cham 16.3% 14.2% . 3.2% 9.0% 8.3%
10" Kompong Chhnang - - 0.1% . 0.1%
1§ Kompong Spoe - 0.1% 0.4% - ©0.3%
14 Sihanoukville - - 0.1% 1.4% '
21  Kompong Thom - - 0.1% - 3.2%
26 - Bavet/Moc Bai . 1.0%  2.9% 15.4% ' 5.6%
27 Poipetl : - - 0.8%
32 8. Vietnam _ . - 0.4% 0.2% 4.5%
33 Ho Chi Minh Gity . - 0.2% - 2.9%

- Total 100.0%  100.0%  100.0%  100.0%  100.0%

ngles: _ INMYS = non molorized vehicles (le bicycles, bicycles-with-trailers, cyclos, animal carls)

20Other MVs = other motorized vehicles (i.e., all motorized vehicle lypes except motoreycles;
dnvers of commercial vehicles not mcluded)

Daily tonnage from Phnom Penh makes up 43.5% of the total cargo tonnage crossing
the river by ferry, while thal from Vietnam is 15.6%. Daily tennage fo Phnom Penh
represenfs 29.8% of the total, while that fo Vielnam is a surprisingly high 13.0%.
Therefore, of the tolal cargo tonnage crossing the Mekong River by lerry, on average

© 36.7% has origin or destination in Phnom Penh and 14.3% has origin or destination in
Vielnam. tis also of interest {0 note that the eastern hall of Kompong Cham Province is

" a more significant generatorfaltractor of passenger trips and cargo tonnage than the
weslern hall, which conlains the ¢ity of Kompong Cham.

4.1.2 Exisling Ferry Operations
(1} Waiting and On-Board Times

During the carrying out of tralfic count and O-D interview surveys, additional surveys
were simultaneously conducted by the Sludy Team 1o determine the average
passenger waiting and on-board times at the relevant ferries. The resulls are
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summarized in Table 4.15 and detailed in Appendix 4.3. As shown in the table, the
MPWT Kompong Cham Ferry provides the slowest service among the major ferries in
lerms of total river crossing time. Inlerestingly, the Prek Tamak Ferry has the fastest
service.

Table 4.156 Average Wailing and On-Board Times, May 1995

Ferry - ~ Avg.Waiting  Avg. Ferry  Avg. Unloading - Total
Time Travel Time ~ Time Time
{(minutes) (minules) (minutes) {minutes)

Neak Loeing ' 10 9 2 21

Svay Chrum _ 15 8 A 24

Prek Tamak 7 8 1 16

Kompong Cham (Privale} 18 : i1 i o 30

Kompong Cham (MPWT) 22 21 2 _ 45

With the preceding information, it is possible to eslimale the capacitios of the respeclive
terries for this ime of year (i.e., low waler level) assuming they operate under relatively -
good, trouble-free conditions.: The estimated capacities of the Neak Loeung, Svay
Chrum, Prek Tamak, and Kompgong Cham (MPWT) ferries are, respactively, 120, 12, 12,
and 18 cars and trucks per hour for both directions.  These ligures highlight the
severely limiled capacities of all terries éxcepl Neak Loeung (the private Kompong
Cham Ferry cannol transport vehicles farger than motorcydes).'

@) ° Ferry Tariffs

Fertry tarilfs or fares are provided in Tab!e 4. 16 and repealed in Appendlx 4.4, which
includes a table of faras in local currenoy As shown, the iares charged by the twa -
MPWT-operaled ferrles are 3|gn|f|canlty lower than those of the private ferries. The :
private Kompong Cham Ferry is able 1o charge higher fares than the MPWT ferry

" because it crossas the Mekong River in approximately half the time due to the lighter
vessels utilized and lighter loads carried. '

Fares for pedestrians range from US$ 0.04 atl Neak Loeung to US$ 0.17 at both the
Svay Chrum and Prek Tamak ferries. Motorcycle (plus rider) fares vary from US$ 0.13 to
US$ 0.35, and those for sedans range from US$ 1.65 1o US$ 3.48. Trucks are charged
substantially higher fares, e.g., US$ 17.39 for 18-20 ton trucks al the MPWT KompOng
Cham Ferry.



Table 4.16 - Ferry Fares, 1894-95 (in US$)

Mode of Travel Fare (US$)

Neak Svay Prek  Kompong Kompong
Loeung  Chrum Tamak Cham Cham
(MPWT) {Privale} (Private} (Private) {(MPWT)
Pedestrian T 0.04 o171 0.09 0.17 0.09
Pedestrian with Handcarl 0.26 ' .17 0.09
Bicycle 0.09 0.26 0.13 0.17 .13
Bicycle-with-Trailer 0.26 0.22 0.57
Cyclo - 0.13
Animal Carl (empty) 0.09 1.09 1.30 0.22
Animal Gart (fjeaded) 0.09 1.09 1.74 0.22
Motorcycle 013 o351 0.17 0.35 022
Motorcycle-with-Traiter 122 1.09 0.26 2.26
Sedan 1.65 348  2.17 2.26
6-12 Seat Tourist Van (Minibus) 204 435  3.04 3.04
6-12 Seat Business Van (Minibus) 2.70 4.35 3.04 - 3.04
Light Truck, Pickup 2.70 4.35 3.04 3.04
13-20 Seat Vehicle {Bus); 5-Tons 4.00 3.83
21+ Seat Vehicle (Large Bus); 6:8 Tons 6.65 913
Gasoline Teuck; 9-15 Tons {6,000 Liters) 10.57 9.13
Truck-with-Trailer; 11-16 Tons 13.04
' 3-Axle Vehicle; 16-18 Tons 13.26

 Log-Carrying Truck; 18-20 Tons 16.52 17.39

: Noles:
2)S$ 1.00 = 2,300 riel. -

Source:

with the Study Team in April and May 1995,

{3} Annual Revenues and Expenditures

- Mnese rates are discounted by 50% for government employees Monday through Salurday.

-This (unpublisheéd) information was provlded by the respective ferry opera!ms'durin'g meetings

Annual revenues and expenditures of the Neak Lecung and Kompong Cham (MPWT)
ferries are summarized in Table 4.17 and delailed in Appendix 4.4, If converted o
average daily revenues, the 1934 average daily income of the Neak Laeting Ferry was
Uss 2,191, more than iour times that of the Kompong Cham Ferry at 5% '472._ Clearty,
the Neak 'Loeung Ferry receivas significanily higher patronage than the Kompong
Cham Ferry, especially considering that the fares of the Neak Leeung Ferry tend to be
fower than those of the Kompong Cham Ferry.



Tabie 4.17 - Annual Revenues and Expenditures of MPWT Neak Loeurig and |
: Kompong Cham Ferries, 1984 (in USS$)

Category ' Neak Loeung Ferry Kompong Charn'Ferry

Total Revenues 799,794 172,349

Total Expenditures 461,348 131,772

Tota! Profit _ 338,446 40,677
Note: US $1.00 = 2,300 riel. -

Sources: Neak Loeung Fetry Slaton and Komponé Cham Ferry Station, Depariment of
Roads and Bridges, Ministry of Public Works and Transporl.

The Svay Chium, Prek Tamak, and {private) Kompong Cham ferries are operated by the
privale sector under contractual arrangements with the MPWT (see Table 4.18). The
contract period for each private ferry is two years, afler which open competitive bidding
is repeated.’ ' '

Table 4.18 Contract Prices of the Svay Chrum, Prek Tamak, and
‘Kompong Cham Private Ferries, 1994-95 {(in USS$)

1994-95 1994-95

Fery - Minimum Bid Price’ High Bid Price?
, (US$) {US$)
Svay Chrum Ferry 8,695 : 54,955
Prek Tamak Feny - 3,480 63,045
Kompong Cham Ferry 30,435 - 73,870
Total | 42,610 191,870

Notes: 'The minimum bid price refers 1o the minimuni bid leve! set by the

Goverriment when tendering lerry service operations 10 the private secior -
for the given years. .~ ) .

2The high bid price refers 10 the winning high bid (annual contract value to -
be'paid to the Government) offered by the privale secior. I :

3Note that the Kompong Cham Ferry shown above is different from the
MPWT [lerry of the same name.

4US$ 1.00 = 2,300 riel.

Sources: This {unpublished) information was provided by the Kandal Provincial
Departmient of Public Works during a meeling with the Study Team on 5
May 1995 in Ta Khmad, Kandal Province, and by the Korpong Cham
Provincial Depariment of Public Works during meetings wilh the Study
Team on 6 and 16 May 1995 in Kampong Cham, Kompong Cham Province.

4.1.3 River Transport
(1} Sewices

On the route between Phnom Penh and Kompong Cham, ordinary boats and high-
speed boals are operated. Ordinary boats transpor! both passengers and goods;
Howaver, they cariy mainly goods and only a few passengers. There are 10 ordinary

“The contract prices of the private ferrias in Kandal Province and Kompong Cham Provinc are provided in Appendix 4.4,
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boals available.. Each boat is operated al a rat¢ of one tip per day for each direction,
with a travel time of 9 hours upstreanmy and 7 hours downsiream. High-speed boats
transport mainly passengers. There are two high-speed boats, each of which makes
ona round-tip per day with an average travel time of 130 minutes regardless of the
direction of stream.

For river transport between Kompong Cham and Kralie, ordinary and high-speed boats
are also operated. Twelve ordinary boats are available. Each boat makes one trip per
day for each direction, with a travé! time of 12 hours in the upstream direction and more
than 12 hours in the downstream direction because of many inspections. One high-
speed boat is operaled with one round-trip per day and an average 150 minutes
cruising time regardless of the direction of strean.

There are four ordinary boals and one high-speéd boal available for services between
Phnom Penh and Kratie.

No river transport service was observed downstream from Phnom Penh.
(2} - Traffic Volume

Since the operalions are privale and no slatistical data on river lranspdn traffic volumes
exists, estimatas of traffic volumes depended on the compiled interview survey resuils
at the Phnom Penh Port and MPWT oflices, '

The average number of passengers between Phnom Penh and Kompong Cham on
ordinary boats was estimated to be about 30 passengers, and the average number of
passengers on high-speed boals is 40 to 50 passengers while the capacily is 76
passengers. High-speed boats, which were recently granted operation rights, captﬁred
mosl river ransport passengers. The average number of passengers batween

. Kompong Cham and Kratie on ordinary boats was estimated t around 50 passengers
per boal, and the average number of passengers on high-speed boats is about 80
passengers. Approximately 30-40% of passengers to/irom Kralie are those between
Kralie and Phinom Penh; these passengers transler at Kompong Cham.

The main commodilies carried upstream from Phnom Penh are timber, agiiculiural
produce, and rock to Phnora Panh; and foodstulfs, household goods, and
“construction materials from Phnom Penh. The average occupancy is estimaled at only
some 20-30% ol capacity. Boats with capacities ol up 10 150 tons can be used for far as
Kratie; and between Kratie and Stung Treng 50 tons boats can be used without
difficulty.

“The Study leam eslimated the volumes of commercial goods for the routes {see Table
4.19).
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Table 4.12 Tratlic Volume by Waterway

Route

_Passengers/year .
(total bolh direction)

Tonsfyear

(tota! both direction)

Phnom Penh - Kompong Cham
Kompong Cham - Kratie
Phnom Penh - Kratie

Kralie - Slung Treng

150000
280000
100000

7000

20000
37000

- 20000
500

Source:  Consuliant's estimales

{3) Fares and Operaling Cost

Fares considerably differ between the two types of service. The following fares by
route and type were obtained through on-the-spol interview surveys.

Boute
Phnom Penh - Kompong Cham

Komporig Cham - Kratie

Types of Service
High-speed boat
Ordinary boat
High-speed boat
Ordinary boat

USS/passenget

6.00
2.40
9.00
9.00

Cargo belonging to passengers are charged al a rate of US$0.60-1.20 per bag/parcel
belween Phnom Penh and Kompong Cham. Fares between Kompong Cham and
Kratie include cargo charges; therefore, cargo belonging to passengers are nol
charged an extra lee foi this section.
capacily for passenger cargo; conseguently, most passengers with a significant amount
ol cargo take crdinary boats. Ordmary boals are able to charge the same fare as the
high-speed boals because of their advantage in bemg able to canry large voiumes ol

passenger- accompamed cargo.

However, high-speed boals have very litlls

- Cargo lranspbd fares by ordinary Boat betwsen Phnom Penh and Kompong Chan{aﬁd‘
between Kompong Cham and Krahe are US$1.60-4.00 and approximately US$4. 00

per ton respectively.

The following average costs per ton-km for the main routes, with the current mix of
boats with different sizes, were estimaled based on the results of the TRS sludy.

Boule :
Phnom Penh - Kompong Cham
Phnom Penh - Kralie

-23

USSfton-km
0.1¢
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4.2

4.2.1

Tralfic Forecasts

Growth Parameters

(i) Palterns of Economic Devélopment
(1.1} Basic Method of Forecasting

Usually two basic methods are used to forecast traffic and thereby estimate the future
benefits of possible investments in transport infrastructure: extrapotation of observed
trends or derivation of transport needs tkely 10 occur by development of both the
national and regional economy.

For tralfic forecasts with a long-term horizon, trend extrapotation is not applic'able in
Cambodia, where political conflicts over the last 25 years have devaslated the economy
but large potential for development remains.

Prediciion of the speed and direction of economic development over the next decade
is nol easy. However, forecasts based on economic development that incorporate
careful analysis of development mechanisms of economies reterring o those of other
countries in East and Southeast Asta is preferred.

| (1.2} Spedial Faclors for Forecasting

Spedial factors making it diflicult to predict economic developmen! in Cambodia are as

_ follows: :

. Security Problems:

Remaining land mines and bandit aclivities are serious constraints 1o the
development of rural areas. The fact that the Government has less than full
conlrol of the country affects its development and some sectors of the economy.

Financial Problems:

Although eflorts to increase Government revenues in almost all taxation fields
were made, taxes are few and Govemmenl revenue is too low to finance even
basic social services. I the infrastructure sector, project implementation is highly
dependent on foreign assislance; these frail liscal conditions incur uncertainty on
econonic development.

The rest of this section describes pallerns of economic development applicable to
Cambodia based on the experience in East and Southeast Asfan countries with
particular attention paid to the especial conditions in Cambodia.

:( 1.3) Population Growth

Empirically, demagraphic lransition in a country falls inte one of the following three
slages: S
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D) Low population growth rate with high fentdlity rate and high mortality rate;
] H'igh population growth rate with high fertitity rate and low mdrta%iiy rate; or
i)  Low poputation growth rate with low fertility rate and tow mortality rate.

Generally the duralion of the second stage depends on the mannes of the fall in
mortality rate owing mainly 1o both the prevention of epidemics and improved medical
care. Transition to the third stage is due to changes in I:ieslyle brought about by a rise
~in income levels. Already it has been observed that some counlries in Easl and
Southeast Asia have proceeded to the third stage, as seen in Taiwan with a 1.2% .
population growth rate and in Thailand with a 1.3% population growth rate.

On the contrary, in Cambodia where the population growth rate was 2.6% in 1994 witha
crude birth rate of 4.0% and a crude death rate of 1.6%, the current demographic
situation remains at the second stage. The age dependency ratio (i.e., ratio of persons
0-14 years-old plus those 65 years-old-and-over to persons in the working-age-group
defined as 15-64 years-old) reached an astonishingly high 93.2% in 1993. Consider,
for example, that the age dependency ratio in developed countries is around 50-60%.

The probability of demographic transition in Cambodia to the third stage within a horizon
of a lew decades is deemed modest because of the existing poverly conditions and
many obstacles to overcome. ' '

'(1.4) Econonic Growth and Population

" Regarding the relationship between economy and population, the following embiriea! '
evidence is well known. T'hal is, "il a conlinuous intensive pressure of population
expansion exisls in a country, it is nel an easy matter to gel the average per caplla ;
mcome level oul of the trap of the equilibrium condntzon oi low income leve1s

Generally, the economic development’ process ol a couniry can be descnbed as
follows: "The process that a modern industrial sector with high productmly is
established and lostered in the national economy whare the lraditional industrial sector,
distressed by low productivity due to the labor surplus, is dominanl and that the modern
industrial sector play a more important role in the economic davelopment by absorbing
the labor surplus in the traditionat industrial sector.”

Poputation increases in a developing country are put info the liaditional sector, usualy
the agricultural seclor; however, agricultural production hardly rises in proportion to the,
fabor input, and the increases in agricultural production diminish successively in
general

In Cambodia, the cultivable area has room for expansmn However, rapid increases by
expansion of cultivaled areas are nol Iikely because of impediments créated over the
lasl lwo decades, such as land mines, devastated irigation systems, and dilapidated
* roads. Although recent agricuitural oulput levels show an increase, produdivily is not
comparable to that of neighboring countrdes. Increases in agricultural output by means



of substitution of production elements and lechnical impiovements cannol be
anticipated due lo the relatively large amount of surplus fabor.

A significant issue regarding the economic development of a developing country is how
to enhance the absorptive capacily of labor in the modem industrial sector.

(1.5) Industriafization
Two ways leading to industriglization are lypically considered.

One method is industrialization through the export of primary produéls of the country,
i.e., (1) export of primary producis in the counlry that have relative advantages; (2}
introduction of basic conditions for industrialization such as technology, materials, and
half products procured by foreign currency obtained by the exporl of primary products,
and {3) gradual realization of industrializalion.

The second way is industrialization by substituting imported goods through a form of
protectionism, i.e., (1) subslitution of final products by production within the counlry
based on the impoited inpuls, such as malerials, intermediate products, and capital for
the domaestic market: {2) expori of final praducts after production surpasses domestic
demand; and {3) substitution of imported goods after the imporled goods volume
reaches the point of an efficient minimum domestic produclion scale.

Many developing countries adopled the second method as a slralegy for
industialization. In other words, the way from downslream to upslream of the circuitous
process of produclion was adopted as the general approach to industrialization.
However, as is often the case, the substitution of some inputs for production did not
follow the way mentioned above. Il can almost be concluded that substitution of
' imported goods as inpuls for production emerged dus 1o the depletion of opporlunities
. for substitution of impoiled lfnél products and due to a crisis of forefgn-exchange
' holdings. : o : ' ;
" This unexpected problem in industrialization by substitution of imported goods
characlerized as prolectionism is usually considered as follows:

i) First, since the scale of the domestic ready market exploited by protectionism is
© usually small, opporlunities for substitution of imported goods will diminish before
~ long. Also, the industries subslituling the imported goods can hardly

metamorphose into exporl industries.

#)  Second, industialization by substituling imported goods characterized as
proteclionism easily brings about the depletion of foreign-exchange reserves
and forces industrialization by substitution of imported goods o occur in & more
downstream field. '

i)  Third, evidence shows thal industrialization by substitution of imported goods
has the tendency of inténsive capitalization and low absorplive capacity of tabor.
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In the 1970s, most counlries in Southeast Asia adopled.the siralegy lo ease
protectionism and systematize policies for promoting export industries. More
specilically, the strategy was designed to promole parlicular production systems
suitable for given conditions for production in developing countries, where the
economy with excessive labor surplus is dominant, through the liberalization of import,
exchange, and interest rates. The slralegy was also designed to secure the relative
advantages assaciated wilh foreign trade,

Depending on these slralegies, the relative ‘advaniages of labor-intensive indusiries
were identified in developing countries. - Furlher successive policies for the promotion
of exporls were adopted, and international competitive power was further inlensified.

However, it should be noted thal the establishment ol policiés based on such
sirategies and the realization of export industries are the most.important but diflicult
steps in the developmen! of national economies. Especially in Cambodia, the
uncerlainties of security and finance complicate the problem.

{2) Consideration of Growth Paramelers
"~ (2.1) Population Growlh

There is much uncertainty about the anaual rate of population growth in Cambodia.
Curcently, it is estimated between 2.5 and 3.0% p.a. This figure is considerably high
compared with 1.6% in Thailand (US$ 1,905 per capila nominal GDP, US$ 4,722 per7 _
capita ppp GOP) and 1.3% in Talwan (US$ 9,805 per capita nominal GDP US$ 9,830

per capita ppp GDP} in 1993. ‘

As yet there is no Government policy on population. This situation may be due to a
~ perception that the popu!anon is still small compared with neighboring countries and
unoccupied land is still ampiy avaitable. UN projections are 2.0% {mednum case) and -
2.4% (high) for the 1990s, and 1.4% (medium) and 1.7% {high) for 2000- 2010 (Won‘d
Demographic Estimates and Projections, 1950-2025, United Nations, 1988}

The population growth rate in urban areas is around 4% on average in countries in
Southeast Asia. However, population concentration has already slowed in some
megalopolises (e.q., Bangkok and its vicinily with 8.7 miilion inhabitants in 1992, Jakarta
and ils vicinity with 18,9 million inhabitants in 1993). The population of Phnom Penh
and other urban areas fluctuates greatly according to season with many larmers seeking

- casual work in the large informal economy. The average population growlh rate in

Phnom Penh and Sihanoukville (formerly Kompong Som) was 6% from 1981 to 1993 .
The population growth rate in urban areas is assumed 1o be around 4% p.a. '

Regarding populatio'n distibution, it can be considered that poputation will increase in
the areas of threa growth poles (Phnom Penh, Sihanoukville, and Siem Riep} and the
anticipaled growth corridor between Phaom Penh and Sihanoukville.
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(2.2) GOP Growth -

The average GDP growlh rate during the period 1991-1993 was aboul 7% per year.
The Government's targetl for the period 1994-1996 is 7-8% per yéar {National
Programme lo Rehabilitate and Deavelop Cambodia, 1994). Qutpul growth in 1994 is
estimated al 5% (as opposed lo an initia! projection of 7%}, because of slower increases
in agricultural production {rice in particular; as much as 300,000 tons of rice, 12% of
production in 1993, may have been lost due to lhe combined effect of flooding and
drought). By contrast, strong growth in construclion and services has conlinued.

. In the span of a decade, GDP growth rates in even those countries where remarkable
davelopment was achieved in East and Southeast Asia are about 8-9% on average. In
Cambodia security problems and financial deficit for the investment in infrastruclure and
industry continue o suppress the couniry’s econoniy.

However, in Cambodia even after solving the problems deterring rapid growth, a growth
rate of 7-8% is not unrealistic. After initial rapid growth, deceleration to a slightly lower
growth rate would be expecled.

(2.3) Agriculture

in the agricultural sector, evidence in Southeast Asia shows that the growth rate of

“agricultural producls is slighlly higher than that of poputation. However it has the
‘tendency of gradual decline. Also evidence shows that more market- onenled
production such as rice, livestock, and vegelables has spread.

in Cambodia, agriculture grew al an average rale of 2% over 1991-1994 in monetary
terms. In tonnage, output ot livestock showed increases, outputs of crops fluctuated,
and has not shown evidence of increases. Agricultural oulput s significantly influenced
from season to season by weather. Foreslry accounts for 3-4% of GDP and s expected
1o remain at the exsshng produchon level with the reimpaosition of a ban on Ioggmg in-
May 1995. '

Achieving sell—sdﬂiciency in rice is an immediate goal. However, the principal goals in
the agricultural sector as presented by the Government are: {1} 1o ensure food security
at both the national and household levels; {2) to produce surmplus for export, not only of
rice bul also of other crops; (3) to expand rubber production for increased foreign
exchange earnings; (4) to encourage tha produclion of raw materials for local agro-
industries; and {5} to lmprove the well-being and incomes of the rural populalion.

* The growth rate of rice pfoductaon is expected to be almost the same as the population
. growth rale or slighlly higher. In conlfrast, the agricultural output level of products other
than rice is expected to rise more rapidly in accordance with the relatively high domestie
income-elasticity of demand for fruits and vegetables, removal of the current consiraints
on farm input supplies, and expansion of rubbar exports.

With important natural resources and a relatively small population, Cambodia has high
potential for agricultural developmenl. s physical potential lies primarily in the



cultivated area that is'concentrated in the alluvial basin around the Sap River and the
Mekong River hydrographic network. Regionally, future prospects ol rice produclion
are expected 1o increase in proportion to the population growth rate except for some
areas with security problems. The agricultural oulput level of other products Is more
sensitive to population increases. In Gambodia, agricullure grew al an average rate ol
15% over 1991-1994 in monetary terms.

(2.4) Industry

The growth rate of the industrial sector surpassed not only thal of GDP but also that of
the service industry in Southeast Asia. Sometimes it showed a nearly 20% increasa in
produclion.

The prospects of each sub-sector comprising the induslry sector are considered as
follows:

The growth rate of mineral production is considered stable except in those areas where
the mining of materials is a considerable part of construction aclivilies. Leases have
been granted to a number of foreign companies for ofishore and intand exploilation of
petroleum, oil, and lubricants (POL). If olfshore drilling was successiul, it would be
- necessalry to assume the POL. However, POL production is currently nonexistent in
Cambodia and there is great uncertainly regarding its probability of success and
_possible output fevels; therefore, zero productio'n was assumed in this study.

Present manufacturing mduslrues dominant in Cambodia are characterized as light
industrios. They are food processing, beverages, cigarettes, texiiles, garments, rubber
processing, and the like. Presently industrial growth rates are high, but they are
:constralned by shortages in electricity supply and raw materials. For these reasons the
present level of growth rales are initially expected for manuiactunng in Cambaodia; aifter
the completion of rebuilding, higher growth rales are expected especially along the
development corridor between Phnom Penh and Srhanoukwl!e Construction matenals
comprise mainly bricks, not cement or steel. Bricks are usua%ly produoed locally and are
unlikely fo enter international trade, whereas cement and steel may do so. Construction
growth rates are faken lo be above average because of the imperatives arising from the
need 1o restore and extend the country's infrastruclure.

In accordance with tha above discussion, growth rales were eslablished {Tables 4.20
through 4.22). '

Table 4.20 Projected Average Annual Population Grov/th Rates

{%)

1995-1997 1997-2000 2000-2010 2010-2020

2.5 - 2.5 20 1.5
Sourco:  JICA Study Team :



Table 4.21  Projected GDP Growth Rates

_ S (%6}
1695-1997 1997-2000 2000-2010 2010-2020
7.0 8.0 8.0 7.0
Source:  JICA Study Team
Table 4.22 Projected Growlh Rates by indusliial Origin
{
%) . .
1995-1997  1997-2000  2000-2010 _ 2010-2020
I. Plain Region
Rice 4.0 4.0 4.0 3.0
Other Agricultural 6.0 10.0 10.0 8.5
Forest Products ¢.0 - 0.0 0.0 0.0
Petioleum, Oil and Lubricants 0.0 0.0 0.0 0.0
Minerals 8.0 6.0 6.0 6.0
Construclion Materials 10.0 10.0 11.0 10.0
Manufaclured Producls 11.0 11.0 12.0 1.0
N. Tonle Sag Lake Region ' .
Rice . 2.6 2.5 2.0 2.0
Other Agricultural 6.0 10.0 10.0 8.5
Forest Produclts 0.0 0.0 0.0 0.0
Petroleum, Oil and Lubricants 0.0 0.0 0.0 0.0
Minerals 5.0 5.0 5.0 5.0
Construction Malerials 5.0 5.0 7.0 5.0
. Manufactured Products 6.0 6.0 8.0 6.0
1li. Coaslal Region . -
- . Rice 2.5 2.5 - 2.0 2.0
Other Agriculiural 6.0 - 10.0 10.0 8.5
Foresl Products 0.0 0.0 0.0 0.0
Petroleum, Oit and Lubricants 0.0 0.0 6.0 0.0
Minerals ' 50 5.0 5.0 5.0
Construction Materials 6.0 10.0 11.0 10.0
Manufactured Products 6.0 6.0 i2.0 11.0
* - W. Plateau and Mountain Region *
Rice 2.0 2.0 1.5 1.5
- Other Agriculturat 6.0 10.0 10.0 8.5
" Foresl Producls 0.0 0.0 0.0 0.0
" Petroleum, Oitand Lubricants 0.0 0.0 0.0 0.0
Minerals 6.0 6.0 6.0 6.0
Construction Materials 5.0 5.0 5.0 5.0
Manufactured Products 6.0 6.0 8.0 6.0

Source:  JICA Study Team
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4.2.2

Future Traffic Demand
(1)  Procedure of Traffic Demand Forecast
(1.1) Type of Tralfic

Traffic forecasts were made for normal tralfic, development traffic, traffic diverted from
other roads or from other modes such as seaborne transport, and induced traffic.
Domestic and international traffic were also considered separately. Additionally,
passenger traific and {reight traffic were distinguished regarding the main characteristics
of ransport demand.

Average traflic volumes were individually forecast for different vehicle types. The
methods of estimaling the normal, development, diverled, and induced traific are
described in the sections that follow. The averall traffic torecast workflow is shown in
Figure 4.7. Specifically, lraffic growth rates were estimated for each vehicle type for
each region in Cambodia.

(1.2} Vehicle Type
The vehicle types considered are the following:

- motorcycle {(MC)
-- passenger car {PC)
-light bus {1.8)
- heavy bus { HB)
- fight truck (L) _
- medium truck (MT) -
- heavy truck (HT)

" The first five types of vehicles are considered passenger franspart ve'hipse's, and the fast -

two types are commodity transport vehicles. Moiorcycles-wilh-irailets, whié_h are
commonly seen in Cambodia, are included in the motorcycle category. Passenger cars
include only normal sedans or estate cars with typically 4-5 seats. Buses with less than .
40 seats are classified into the light bus categery in this sludy, although further
subdivision may seem appropriate. Heavy bus is defined as a large bus having'a
capacity of more than 40 passengers. Light lrucks include a muititude of di'ﬂere'nl
vehicle types, but most ol which are regular pick-ups and 4WDs. Medium trucks are
two-axle trucks wilh 6 wheels having load capacilies around 6-8 tons.- Heévy trucks are
three-axle {or more) trucks with 10 wheels and mosl of which have aload capacily of 15
tons. Pedestrians and bicycles were not considered in this forecast because the
benefits by reduction of time are assumed lo be smali.

{1.3) Forecast Year

Traffic demand forecasting was carried out for years 2001, 2011, and 202§ on the
horizon of 20 years from Lhe opéning year (2001 or 2002).
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(1.4) Zoning

Cambodia and adjacent counlries were dividad Into same 34 trallic zones as in the
origin-destination interview survey (see section 4.1.2 (7)).

{1.5) Forecast Procedure
The conceptual forecast procedures shown in the workllow diagram are the following:

. Development scenario of population, economy, and international trade in
Cambodia are prepared for the initial base case;

- Normal and development tralfic demand in the form of origin-destination {OD)
malrices based on the estimated growth rates by zone and vehicle type are
forecast for domeslic passenger trafiic, domestic {reight traffic, international
passenger tralfic, and inlernalional freight lraffic;

- Divéﬂed traffic from other modes are then forecast for domestic passenger traffic,
domestlic freight traffic, international passenger lraffic, and international frelghl
traffic;

- | Basictraffic matrices are forecast by summmg the diverted traffic QD matrsces and
the normal and development traffic OD matrices;

- The reduction of travel lime between cases with and withoul a Mekong River .
bridge are estimated, and induced traffic in the future is forecast by applying
elasticities wilh respect o reduction of time to the basic lraffic OD maltrices;

Future traffic malrices by vehicle type are construcled by addmg lhe mduced
trafflc OD matlrices lo the basic fulure traffic OD malrices; and : o o
. Traffic volunies at bndge and ferry points are then forecasl by a351gnzng lhe lralhc :
OD matnces_ in passenger car units {pcu) 1o he various networks (without bnd_ge_ ;
with Neak Loeung Bridge, with Prek Tamak {Svay Chrum) Bridge, and with
Kompong Cham Bridge).

(2} Intermodal Analysis of Trallic

Transport systems are rarely independent. Because different modes of transporl often
compete or complement each other, it is desirable to anatyze the lransporl syslem
incluging raitways and waterways. '

In general, the compeling and cbmp!emenling transport modes with respect to road
traffic are sea, river, and raitway. The cargo volume by air transport is neg?;guble at
present and in the foreseeable future due to the high cost.

Al present, cargo transport betwaen Thailand and Vietnam dépends on transport by
sea; however, itis likely thal some cargo lransport will divert from sea lo fand and pass
through Cambodia after improvement of the appropriate roads and removal of certain
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obstacles (e.g., border-crossing restrictions for trucks).

Within Cambodtia, diverted river tralfic was considered in the section belween Kompong
Cham and northeastern Cambodia, where north-south transport depends heavily on
the Mekong River because of security problems and severely damaged roads.
Downstream of Phnom Penh, no significant river transport within Cambodia was
observed.

A railway between Bangkok and Phnom Penh already exists and an extension to Ho Chi
Minh’City was proposed in the Economic Cooperation Programme of tha Grealer
~ Mekong Subregion. However, the 48 km section of this raitway between Sisophon
{Cambodia) and Poipet (Thailand) is cur‘ren!ly impaésable_due to internat strife.
Although resumplion of raitway operalions is expected in the not-so-distant future, this
railway is not expected 1o have any significant influence on road tralfic crossing the
Mekong River because of ils alignment. There is also great uncertainty regarding new
raitway construction between Phnom Penh and Ho Chi Minh City. Taking these factors
into consideration, it was determined thal railway transport should not be inctuded in the
road traffic forecast calculations.

Based on the above summary, modal shares between Thailland and Vietnam and
between northern Cambodia and Kompong Cham {and, o some extent, Phnom Penh)
were corisidered.

(2.1) Diversion from Sea lo Road Transport

As referred 1o eadier, the likely change in modal sp!ii-o! border-crossing trade is the
diversion from sea to road transport caused by road projects that improve accessibility
' belween Thatland and Vietnam.

Table 4, 23 and F;gure 4.8 show the transport companson by mode. The advanlage of
 sea transport for long distances is clear, while railways and roads compele with each
~ other for shorl- and medium-distance freight transporl. Railway becomes more
favorable as the transporl distance increases. The ch0|ce of transport mode basically
depends on the characleristics of the commodities being lransporled. 8ulk

commodities are normally transported by the cheapest mode, which is usually nol the
" quickest.

" Table 4.23°  Comparison of Transport Costs in Cambodia, 1932

- ‘Sea " Road Railway
Transport Cost  (US$/ton-km) 0.027 0.084 0.042
"~ Mogoring Cost {US34on) ‘ 0.39 -
Agent Cost {US%ton) 0.27 -
Port Charge (per day) (US$/ton) 167 . .
Transshipment Cost  (US$/ton) 14.00 - 14.00

Source:  Mnislry of Public Works and Transpor!, Cambodia

Phnom Penh Port Improvement Master plan Study, i cooperalion with JICA, May
1993. : o
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“Some . portion of manufactured products with high value added of cross-border .
seabarne freight between Thailand and Vietnam is assumed o be carried by fand .

wansport. Growth rates of international freight tralfic were determined based on the

estimated present internalional frefght vo1ume and expoﬂ growlh rates by country and

commodnly
A moderate diversion rate of 10% was adopted in this study.§ ;
(2.2) Diversion from River to Road Transport

As for the international cargo transport belween Cambodia and Laos of Vietnam, na
reliable dala are available. However, il can be reasonably assumed that international
cargo transport between Cambodia and Laos by river is strictly timited by the Khong
Falls on the Mekong River at the Cambodian-Lao border, and that the volumes are

therefore negligibte. Consequently, diversion from river to road ltansporl between

Cambodia and Laos PDR was not considered in this study.

The data on modai shares of river and road international cargo transport between

Cambodia and Vietnam are also not available, although it is likely thal each lranspos

means has its own proper share corresponding o the characteristics of the

commodities transported. In this study, the modal split belween river and road for
“international cargo transport between Gambodia and Vielnam was assumed constant
- yet subject lo the growth rates of international cargo ransport demand.

As for fransport within Cambodia, current transport demand between the area norih of
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Kompong Cham and Kompong Cham {and, to some extent, Phnom Penh) depends
almost entirely on river transport because of the severely damaged roads north and ¢ast
of Kompong Cham. Therefore, diversion from river to road transport is expected to
occur if road conditions are improved. The present modal share of road transport
demand between Kompong Cham and Phnom Penh is around 80-85%, as shown in
Table 4.24. The diversion rate from river to road for transport demand between the area
north of Kompong Cham and Kompong Cham (and Phnom Penh) was assumed to be
85% after the comptletion of required road improvements.

Table 4.24 Eslima.ted Performance by Transport Means between Phnom Penh
and Kompong Cham in 1995

Type  Transporl Tonnage Modal Share Time Required Fare Remarks
o Means {lons/year) {%) {minules) {US$ton)
Freight - Road 110,000 85% 150 30 . Chartered Truck
Traffic ' ' ("9} * State Eslerprise
Ferry 20,000 15% 420 - 540 4 Slow boat
Type  Direction = Passengers Moda) Share Time Required Fare
(passengers/year) (%) (minutes)  (US$/passenger) _
Passenger Road 650,000 81% 140 3 shared faxi
Tratfic _ :
Ferry 160,000 19% | 420-540 25 * * High-speed boat
‘ ' (130) ('8 .

Source:  JICA Study Team

(3) Normal and Development Teaflic
{3.1) Domeslic Passenger Tralfic Demand

© ' Domeslic passenger tralfic demand was torecast by vehicle and region based on
" demand elasticity. - According to the development scenario for Cambodia, fulure -
popu!atibn‘and per ¢apita income lovels by region were established, and from lhese
indices estimates of Gross Regional Product (GRP) were forecast.

E'Ia'sticity of vehicular traffic generation with respect lo GRP was delermined by vehicle

“type through an examination of elasticities empirically observed in Southeast Asian
countries such as Thailand. Future zonal traffic growth rates were then determined by
applying these alasticities to the GRP estimales. Future lraflic OD maldces by vehicle
type were subsequently forecast by applying the Fratar method to these zonal trallic
growth rates to present {i.e., 1995) raflic OD matrices by vehicle type constructed from
data oblained in the comprehensive lraltic survey of this study.

Since there are no sufficient historical data in Cambodia to use for estimaling vehicle-
kilomeler elasticities by vehicle type with respect 1o Gross Domestic Product (GDP),
data in Thailand were used assuming that modal spiil trends in Southeast Asia are similar
at comparable stages of development. The elaslicitios of passenger cars are more than
1.0, implying that their lraffic growlh rale is higher than that of GDP. However, one
cannot assume that elasticity values will remain high in the fong run because of the
approaching saturation level of road lealfic and vehicle ownership.
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On the contrary, the elaslicities of buses are consislém!y low, which implies that the
growth rate of bus vehicle-kilfometers cannol keep pace with the growih rate of GDP.
Bus tralfic volumes are dependant on public transport policy, unlike the situation for
passenger cars. itis not evident that the luture modat share belween heavy buses and
light buses will change. Therefore, the elasticities of heavy buses and light buses were
sel equal to each other for the forecast lime period.

Althaugh the elasticity of vehicle-kilometers is not concepluaﬂy equal 1o the elasticity of
vehicle trips, the latler is substituted by the former in this study.

Future GRP estimates were derived from assumptions of future regional population and
income levels, Given the future total poputation of Cambodia, which was estimated
based on lhe assumed populalion growth rate, as a control total, the regional
poputation growth ratles were determined to reflecl the changes in population
distribution according to the development scenario and trends of present population
increases (Table 4.25). Because no data on GRP were available in Cambodia, the GRP
growth rates were eslimated assuming that the growth rate of the total amount of
income in each region is proporiional lo that of GRP. For the vatualion ot presen!
regional income levels, the results of Socio-Economic Survey in Cambodia-1993/1994
by ADB and UNDP were used. Fuluré income levels by region were assumed
according lo the developmen! scenario. Future GRP growth rates were determined
based on future income levels of each region and population forecasts (Table 4.26).

Table 4.25 Projected Poputation Growth Rates by Region in Cambodia

Region Avg. Annual Growth Rale (%)
1995 1995.1997 16672000 20002010 2010-2020
. _ (1,0{0%8:3;3%3.) ' o . ' . 5
Total _ Te287 26 = 25 2 . 15
I Plain Region si22. . .33 33 25 19
Phnom Penh 0 6.1 s 25 1B
Wesi Bank of the Mekong River 2389 S ST ST S S
“East Bank of the Mekong River 1983 3 3 3 .2
1. Toole Sap Lake Region 2580 1.6 15 1.4 08
Siem Riep" 589 3 3 35 1.5
Other Provinces 1991 1.2 1.1 1 0.6
II1. Coastal Region 650 1.7 1.6 SR TS R
Sihanoukville 116 4 4 3 25
 Other Provinces 534 1.2 1.1 i . 086
IV. Plateau and Mountain Region 915 1.2 1.1 1 086
Source: iQBr;- Nationa’finsﬁtute of Stalistics, Ministry of Pla_nding :
: 1993; UNTAG's record the registered volers in 1993 (Ministry of Planning)
Note:  *f; including 3,000 sq. km of Tonle Sap area.

*2, Banteay Meanchey was created in 1988 from & districts of Baltambang and 3 disiricts of
Siem Riep.

'3 Avg. annual population growli rates of Battambang and Siem Riep were estimaled using
total poputation of Ballambang, Banleay Meanchey and Siem Riep.
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The elasticities of vehicle tiips with respect to GDP used for the traflic forecas!s are
shown in Table 4.27. For the forecast of fulure fraffic, the elasticities of vehicle trips with
raspect to GDP were applied to GRP.

Table 4.27 Assumed Elasticily of Passenger Traffic Demand by Vebhicle
Type with Respect te GDP

Passenger Car and Light Truck  Lighl Buses  Heavy Buses  Motorcycle

1.5 0.7 0.7 1.2

Source:  JICA Study Team

It can be seen that an explosive tralfic increase will emerge after the opening of anew -
road or bridge. The rate of tealtic incri_—zase on Route 6A after the opening of the Chroy
Chang Va Bridge has been about 30% per year, which is aimost the same growth rate as
that of the number of registered vehicles in Cambodia. However, the rate of vehicular
traffic increase on Roule 6A will setlle down after the first initial few years if the building
aclivities along olher national roads are considered. Neverheless, if one compares an
annual lraffic growth rate of 10% to one of 30%, by year 2001 fulure traffic volumes in
the 30% case would be 2.7 times higher than in the 10% case.

According to the empirically abserved traffic exploslon at the Chioy Chang Va Bridge, it
is likely thal the traffic volume al Prek Tamak (and Svay Chrum) where high latent
development potential can be expecled will increase faster than that orecast by the

elasticity method. Therefors, the future tralfic volume al Prek Tamak in the case witha.

Prek Tamak bridge was assumed to be 1.5 times larger than the initial forecast.
' (3.2) Domestic Freight Traffic Démand

Domestic freight traffic demand was forecasl by vehicle type and by ceglon similar to the
forecasting of domeslic passenger tralfic in this study. The growth rales of lrailac
demand were established based on reglonal productlon outpul levels. This approach :
represenls a more direct method of torecaslmg freight traific ‘demand than other :
approaches, such as the utilization of efasticilies with respeci o the GRP or the
manipulation of freight demand units by sectoral working population. :

In this study, the emply-truck ratio was utilized to converl freight traflic demand inlo
vehicle tips relerring :io the relationship between {ruck ownership and emply-lruck
ratios in olher countries (Table 4.28 and 4.29). Changes in average loading were not
considered.

Vehicular trips may grow al a rate of {- 2% per anaum in addition to freighl volume
growth resulting from an increase in the emply-truck ratio. The share of each lruck lype
was assumed 1o be the same as the existing share within the forecast period.

Regarding i’egionat production levels, seven commodily types were considered: rice,
-other agricultural products, forest products, POL (petro!eum oil, and lubricants),
minerals, construclion malenats and manufactured producls



Table 4.28 Empty-Truck Ratio

VietNam Cambodia Thaitand

1991 1993 19821 1989 1990
Emply-Truck Ratio (%) 26.7 25.0 40.2 18.2 53.2
Truck per Thousand Inhabilants 1.4 0.9 3.6 5.1 5.7

_{Veh/thousand pers.)

Source: . The toll Highway Development Study in the Kingdom of Thailand, Jul., 1891
Deparment of Highways, Ministry of Transport and Communications in cooperation
with JICA;

Socialist Republic of Viel Nam, Nalional Transporlation Seclor Rewew Final Report
voluma 1, Main report, prepared by BCECOM under contract wilh the United Nations
Developrment Programme 1992,

Road Deve!opmenl Sludy in the Northeastern Region, Department of Highways,
Ministry of Transport and Communications, Thadand in cooperation with JICA;

Cambodia Transportation Kehabifitation Study, 1994, Ministry of Public Works and
Transport in cooperation with SweRoad under Contract with Asian Development Bank;
and

Hoad Transpord Freight Volume Report 1989 tand Transpor Departmenl M*nlstry of
Teansport and Communicalions, Thailand.

Note: *1 Pick-up trucks for freigh! use are exclusive,

Table 4.29 Assumed Emply-Truck Ratio

Emply-Truck Raio (%}
1995-2000 ' 2000-2010 - 2010-2020
30.0 - 35.0 40.0
Source:  JICA Study Team

The present output levels of agricultural products which include rice, agricultural
products, and foresl producls were estimated based on the reporl "Agricultural
Development Option Review (FAO/UNDP. 1994)" and Landsat Dala. The production
levels of construction materials and minerals were also derived from this rep*::rt.1 '

Counirywide ou!'pul of construction malerials was apporlioned to zonss in direct
correlation with population proportions, because brick-making is likely depend on
poputation shilts and growth and bricks are lypically produced close to where they are
used.

As mentioned earlier, POL production is currently nonexistent in Cambodia. Although

leases have been granted to a number of foreign companies for offshore and intand

exploration, an assumption of zero production throughout the study period has been

retained to avoid overestimaling or speculating  freight tralfic growlh dus to
* uncerlainties regarding the magnitude and location of POL producuon

Food processing represents more than 50% of manufacturing, and it was therefore
distributed in proportion to population. Also conversions from monelary values into

1 Reg:ona! Too‘vmcal Assrstance on Promoling Subreg:onal Cooperanon Among Cambodia, The
People’s Republic of China, Lao PDR, Myanmar, Thailand and Viet Nam - Subregional Transport
Sector Study, PADECO Co., Lid., tor the Asian Development Bank, 1994, _

4-40



tons from the preceding report were used in this study.

Reglonal output levels by commodily type were eslimated by applying the growth rates
delermined through the examination of preceding reports (Appendix 5.1},

Future traffic matrices by vehicle type were forecast by the Fratar method alter applying
these zonal traffic growth rales o present (i.e., 1995) OD matrices by vehicle type
constructed rom dald obtained in the traffic survey of this study.

Similar to the domestic passenger trallic demand forecast, the future traffic volumes at
Prek Tamak in year 2001 in the case with a Prek Tamak bridge were assumedto be 1.5
times higher than those forecast based on regional production levels.

{3.3) Inteinational Passenger Traffic Demand

International passenger tralfic demand is related lo the GDPs of origin and destination
countries. Passenger traffic by road was forecast assuming tha! trafic grows 1.2 times
taster than GDP, resulting in an average annual growth rate of 8.4% on the condition
that GDP growth rates in Southeasl Asian counlries are around 7% per annum on
average. The elasticity of international passenger lraflic demand with respect to GDP
seems reasonable inlight of the expérience of other developing countries. '

The future modal share between air and road transport is assumed constant dunng the
forecast penod Therafore, the growth rates of international passenger tralfic by road
were set equal to those of the total international passenger growth ratas for the forecast
. period. The zoning system in this sludy was established to refect this international
lratfiic; fulure traffic matrices by vehicle type were forecast by the Fratar method aiter
- applying the zonal traffic growth rates to present {i.e., 1995) OD matrices by vehicle:
lype. ' :

1 (3.4) Inlemallonal Fre;ghl Trafhc Demand

The prmcepal basis for forecasting international freight movement between and among '
Southeast Asian countries was a comprehensive World Bank assessnient of the
dimensions of structural transformaltion during the process of de‘.'elopmenl.1

According to this study, Cambodia and Lao PDR are classilied as small, primary-sector- .
oriented countries, and Thaitand and Vietnam are classified as farge manulacluring-
oriented countries, In accordance with these classifications, the sludy also provided
clues lor estimating exporl growth rates by commodily type. The main difficulty lies in
data acquisition of international freight movement in tons: therefore, for the
determination ol present ievel international freight movement, the assets of the
preceding study were ulilized in this study (Table 4.30). For converting lonnage growlh
rates into vehicutar growth rates, empty-truck ratios were considered in this study.

‘Moshe Syrqum and llo'hs B. Chenery, Paflems of Deve{opmeni F950 {o 1983, World Bank
Discussion Paper No. 41, 1989. _

4 - 41



Table 4.30 Growth Rates of International Freight

Courtry Product Freig(!?t Vo)lu me Export Growth Rate (%)
ons
From To 19% 19552000 20002010 2010-2020

Cambodia > Vietham Rice, Agricu'ture, and Forestiry 213,798 6 5 5
Petrateum, O, Lubricants, and Minerals - iz 7 5

Manufactures and Construction Matesials - 75 8 85

Total fweighted}) 213738 04 04 07
Vietnam --» Cambodia  Rics, Agriculture, and Forestry 12,979 4 5 6
Petroleum, Oi, Lubricards, and Minerals - 8 7 7
Manufactures ahd Constauction Materials 17,854 15 14 gL

Totat (weightad) 30833 109 s 130
Cambodia > - Laos Rice, Agriculture, and Forestry 8427 6 5 5
Petroleum, O, Lubricants, and Minerals . 12 7 5

Manufactures and Construction Materials 8557 75 8 85

_ Total (weighted) 17014 68 67 72
La0s --> Cambodia  Rice, Agricuiture, and Forestry 3371 6 5 5
Petroleum, Oil, Lubricants, and Minerals - 12 7 5

Manufaclures and Construciion Materials . 75 8 a5

. Total (weighted) 3371 60 50 50
Cambedia >  Thaiand ~ Rice, Agriculture, and Forestry 1002273 6 5 5
Petroteurd, Oil, Lubricants, and Minerals - 1 7 5

Manufactures and Construction Malerials 3435 T g 85

Total {weighted) 1,006,707 00 04 02
Thatand --> Cambodia  Rice, Agriculiure, and Forestry ' 57258 6 6 &
Petroleum, Ol Lubricants, and Minerals B2128 7 7 7
Manufactures and Construction Materials 18,747 14 14 14

Total (welghted) | 128,174 7.7 84 95

© Vietnam -»> Thaifand . Rice, Agriculiute, and Forestry : 168,796 4 o

- Peteoleum, O3, Lubricants, and Minerats . 133,602 8 7 7
Manufactures and Construction Materials 65,857 15 14 ]

o Total (weighted) S | %8266 42 49 63

Traiand >  Vielam ©  Rice, Agriculture, and Forestyy 784 & 8 Ce
LT ' Petroleum, Ol Lubri:am.s. and Minerals 217512 7 7 7
'Ma:nulactu res and Construction Materials 6,435 14 14 i4

Total (weighted) 261438 71 72 75
Laos - > Rice, Agricuture, and Forestry 4% & 5 5
Petroleum, O, Lubricants, and Minerals &% 12 7 '5

Manufactures and Construction Matedals 4% 75 8 85

Yotal (weighted) 307,000 72 66 69
Ces Las Rice, Agricuiture, and Forestry : % . . .

Peiroleum, Oil, Lubricants, and Minerals 50%

Manudzciures and Cohslmciion Materials 48% - - -
Total (weighted) ‘ 350,000 7 7 7

Source:  Alter Moshe Syrquin and Hollis 8. Chenery, Palterns of Developmenl: 1950 1o 1983, World Bank

Discussion Paper No. 41, 1989, and PADECO Co., Lid., Regional Technical Assistance on
Promoting Subregional Cooperation Among Cambodia, The People's Republic 6f Chian, Lao POR,
Myanmar, Thailand and Viet Nam - Subregional Transport Sector Study, First lnterim Repodt, for
the Asian Development Bank, 1994 '
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As with intémaﬁo’nal passenger tralfic demand, future tralfic matrices by vehicle weie
forecast by the Fratar melhod after applying the zonal tralfic growth rates 10 present
{i.e.. 1995) OD matrices by vehicle type.

{4) Diverted Traffic from Other Modes
(4.1) Domestic Passenger Traffic Demand

As stated earlier, transporl between Phnom Penh and Kralie and between Kompong
Cham and Kratle is likely to change mode from river to road. Two major problems
concerning security and road conditions are assumed 1o be resolved in the future, and
diversion from river to road is assumed to start taking effect in 2005; this assumption
was derived from’ ‘the proposed implemenlation program in Cambodian Transport
Rehabmtanon Study. The resuils of the trallic survey in this study were used for
calculaling present transpor! demand between these sections. The diversion rate was
determined based on the comparison of estimated modal shares, which were derived
from Cambodian Transport Rehabilitation Study, and the traffic survey in this study.
Growth rates and modal share$ by vehicle type were assumed 1o be the same as those
for domestic normal and development passenger traffic. Future traffic matrices by
vehicls type were forecast by the Fratar method applying the zonal traffic growth rates to
the 2005 OD malrices.

(4.2} Domestic Frelght Traffic Demand

Diverled domestic {reight tralfic demand was forecast by a method based on the same
principles as lor diverled domestic passenger traffic.

(4.3} Internationa! Passenger Tralfic

As slaled earlier, no international diverled traffic d_eniand from transporl means other
than road was considered. . '

_ (4.4) International Freight Tralfic

Provided that road conditions and custom procedures are improved and that the
security problem is resolved in Cambodia, there is a possibility of traffic diversion of
some commodities from sea to road between Thailand and Vietnam, especially
between Bangkok and Ho Chi Minh City, the two of the largest economic centers in
Southeast Asia separated by less than 800 km.

All existing international lrade volumes belween Thailand and Vietnam were assumed'
to be by sea transport. Allhough this assumption may overestimate sea transport
volumes between Thailand and Vietnam, the aclual volumes of land and air freight
Iransporl is neghgxb!e accordmg o s!a!nsllcal reports

iThe diversion rate was determmed by scrutmizmg presenl composition rates of

'Feas:bmty Study of lhe Ho Chi Minh-Phnom Perh- -Bangkok Road Pro;ec! PADECO Co., Ltd., for
the Asian Development Bank, 1994,
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- commodities, which were estimated in the course of forecasting international normal

frelght tralfic. Growth rates were assumed to bo the same as those for inlernational
normal freight trallic. For conversion from tonnage growth rates into vehicular growth
rates, emply-truck ratios were considered.

Future traltic malrices by vehicle type were forecast by the Fralar method after applying
the zonal lraffic growth rales lo present {i.e., 1995) OD malrices by vehicle type.

{5} .lnduced Trafiic
(5.1) Passenger Traffic Demand

Induced tralfic arises either because a journey becomes more allraclive by virlue of a
reduction in cost or time or because of increased development that is brought about by
the road investmenl. Induced traffic is difficull to forecast accurately and can be easily
overestimated. Induced traflic is likely to be significant only in those cases where the
road investment brings aboul a large reduction in transporl costs. The Mekong Bridge
project can be considered to fall under such an invesiment,

The common approach to forecasting induced tralfic is 1o make use of information about
demand elasticities. Evidence from several counlries suggests a price elasticity range
of -0.6 lo -2.0 with an average of -1.0." In general, the elasticity of commodity-transport
demand with respecl to iransport Cost is much smaller than that of passenger transpost
demand and depends on the proportion of transport cost reflected in commodity
prices. 1

In this study, transpori cost was substituted by travel time and the following steps were
adopted for the estimate of induced passenger traffic: {1} first, the reductions in time

 duetothe provision of a new bridge were estimated lor each OD pair; (2) the changes in

travel time between the with and without bridge cases were calculated and expressed

i as percen!age changes {e.g., travel time reduchon of 30% from zone 8 lo zone 1); and
*(3) future induced Iraffic OD matrices by vehicle type ware forecast by applying -

elasticities wilh respect to trave! tim to the tralfic OD matrices by vehicle type. For
passenger tralfic, a value of -1.0 was adopted as the elaslicily (i.e., a 10% decrease in
travel time would result in a 10% increase in traffic volume).

{5.2) Freight Trallic Demand

induced irexghl trallic demand was lmecasi by a melhod based on'the same prmc-ples
as for passenger traffic demand forecast. A value of -0.4 was adopted as the elasticity

(e, a 10% decrease in travel time would result in a 4% increase in traffic volumal.

Forecasl Traffie

Tratlic volumes at bridge and ferry poinls were forecast by assigning the traffic matrices
in pcu o the networks.

V¥ransport Research Laboratory, Overseas Road Notes 31, 1993.
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(1) Siudy Cases

Present river-crossing ferry capacily is designed lo accommodate the present tralfic
demand; therefore, it is highty likely that {uture traffic demand a! the ferry points will
exceed ferry capacity. In such a case, if additional ferry improvement projects are not
carried oul, traffic diversion trom ferry points to other river-crossing ferries or a bridga will
take place. Fulure traffic volumes using a bridge are assumed to be Influenced by the
capabities of ferrigs al the olher lerry sites (Table 4.31 and Figure 4.9). For the
estimates of ferry waiting times in the without bridge case, a simulation program was
developed expressly for this study. '

Table 431  Estimated Ferry Walting Time

Fery Site - TraHic Volume  Average Waiting Time Max. Waiting Time
(both directions) _
{pcu./12h) {min.} (12 hours/day)

Neak Loeung 1,400 50 10.0
. 1,600 5.0 10.0
- Ferry Opeéeration Level in 2001 1,800 5.7 15.0¢
ferry 1; 30 vehicle capacity . 2,000 6.0 ‘ 150
ferry 2; 20 vehicle capacity 2,200 . .88 25.0
ferry 3; 10 vehicle capacily 2,400 1"M7 350
ferry 4 (new); 30 vehicle capacity 2,600 - 183 40.0
- Average Headway 10 min. 2,800 29.9 :55.0
3,000 61.7 750

: 3,200 Cut of Ferry Capé\city
Svay Chrum & Prek Tamak 200 75 15.0
' _ 220 S 15 . 150
- Ferry Operation Level in 2001 240 8.8 30.0
terry 1: 2 vehicle capacity - ' 260 : : © a5 o 30.0
ferry 2; 2 vehicle capacity ‘280 . 7103 P, 30,0
ferry 3, 2 vehicle capacity = 300 174 . 450
ferry 4, 2 vehicle capacity - 320 1 184 . . 450
- Averaga Hoadway 15 min. _ '340° - - {95 |+ 450

‘ ;o 380 562 . 90.0

380 ' 58.2 90.0

400  Oul of Ferry Capacity
Kompong Cham ' 600 10.0 20.0
: : 650 100 20.0
- Ferry Operation Levelin 2001 700 1.4 30.0
ferry 1; 10 vehicle capacity 750 120 300
{erry 2; 6 vehicle capadity 800 12.1 30.0
fecry 3 (new); 30 vehicle capacity 850 133 30.0
- Average Headway 20 min. 900 20.9 50.0
950 - 244 50.0
1,000 281 - 70.0
1,050 49.3 70.0
1,100 61.9 70.0
1,150 776 90.0

1,200  Oulof Ferry Capacity

Source: * JICA Stody Team
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" Figure 4.9  Estimated Ferrjf Walting Time atl Neak Loeung
In this chapter, emphasis was placed on the economic analysis of cases with and
without a bridge rather than lorecasting future tralfic volumes on the bridge in

accordance with the changes in fercy capacities. The study cases weare established to
ensure that the estimated project benefits were made clear by comparing with and

~ without bridae cases.

From this point-of-view, four study cases were established: without bridge case, with
Neak Loeung Bridge case, with Prek Tamak (Svay Chrum) Bridge case, and with
Kompong Cham Bridge case for the years 2001, 2011, and 2021 on the following
conditions:

(1.1) Without Bridge Case

If no additional ferry invesimenis are made, the present ferry services cannot
accommodale future river-crossing lraffic demand. In this case, the passenger waiting
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times for ferries will grow enormously long and sonie of the traffic will diverl to othef rivar-
crossing points. Eventually, the total river-crossing traffic demand within Cambodia will
oxceed the total capacity of three main ferry points (i.e., Neak Loeung, Prek Tariak, and
Kompong Cham). To avoid an unrealistic increase in waiting times or the unsolvable
prablem of some traffic remaining overnight or queuing for days at ferry points, ferry
improvement projecis that can accommodate the latent traffic demand at each ferry
point were assumed. Free flow of traffic, which means no ferry capacity consiraints, was
assumed at the river-crossing ferry sites in the trallic assignnient procedure. At Neak
Loeung, a sale lerry operation level with 8 or 9 ferry boats operating simultaneously and
three Iandmg facililies were assumed, therelore, the ferry capacity at Neak Loeung for
the traffic asszgnmeni was assumed to have a ferry capacity imit equal to double that of
the year 2001 level. The ferry capacilies at the year 2001 leve! al Neak Loeung and
Kompong Cham were determined including the approved ferry improvement project by
DANIDA. The normal traffic OD matrix in peu derived from the OD matrices by vehicle
type and the normal traffic MG OD matdix were assigned separately during the traffic
assignment procedure in this case.

(1.2) With Bridge Cases

Conresponding to the without bridge case in the with bridge cases the capacities of
river-¢rossing lernes were assumed o accommodate the latenl transporl demand al
each ferry point. Therefore, additional investments for ferry capacsty improvemenl are
assumed to occur al the same time as for the without bridge case. Free flow of lraffic,
which means no ferry capacity constraints, was assumed at the river-crossing ferry
points in the traffic assignment procedure. During the- assignment, traflic capacity
conslraints al the bridge waie considered, however the travel time of the bndge link

"~ was sel constant.

Some of the rwer—crossmg wraffic demand will change their route chosce dunng lrafhc
assignment because of the change in network conditions between the wilh’ and without
bridge cases. '

The normal and induced OD malrices in pcu derived from the OD maliices by vehicle
type and the normal and induced traftic MC OD matrices were used in these cases.

Traffic assignments were carried out for the OD malrix in pcu, and for the MC OD matrix
{Table 4.32).

(2)  Traffic Forecast Resulls

" Traffit volumes at the bridge and ferry points in each case were forecast by ass:gmng
the traflic matrices in peu to ihe networks. For the coavenience in operation, OD
malrices by vehicle type in each forecas! year were converted inlo a malrix in pcu
{except for MC). Tralfic assignmenls were separately carried out for MC OD matrices
and OD matrices in pcu, because MG were assumed to move in a different manner from
other motorized vehicles and have lesser capacity-resiraining characteristics.



Table 4.32 Traltic Assignment Cases for Economic Evaluation

Wuithout Bridge Case (2001, 2011, 2021)
Network - free-flow al ferry points excluding the case for 2021.

{In 2621 ferry capacily constranit at Neak Loeung of the double level of that in
2001 is assumied.}

(Travet time was considered al ferry point.)

VTOD  assignment{1} - Normal Tralfic (incl. Developmenland Diverted Tralfic) by
Vehicle type excluding MC

asmgnmenl(2) - Normal Traffic {incl. Development and Divered Traffic) for MC

With Neak Loeung Bridge Case (2001, 2011, 2021}
Network - Iree-flow al ferry points other than Neak Losung
(Travel time and no ferry capacily constraint were considered at ferry point.)
(Travel time was considered at ferry point.)

VTOD assignmenl{1} - Normal Tralffic (in¢t. Development and Diverted Tralfic) by
Vehicle type excluding MC

induced (incl. Davelopment and Diverted Traflic) by' Vehicle
lype excluding MC

assignmenl(2} .- Normal Traffic {incl. Development and Diverted Traffic) Ior MC
- Induced (incl. Development and Diverted Trafhc) {or MC

With Prek FTamak (Svay Chrum) Bridge Case (2001, 2011, 2021)
- Network - free-flow at fairy points excluding the case for 2021.

(In 2021 ferry capacity constranil at Neak Logung of the double Jevel of that in
2001 is considered.}

{Travel time was considered at ferry poinl)

VvTOD assignment{1) - Normal Traffic (inct. Development and Divarted Trafiic) by
- Vehicle type excluding MC

induced (incl Development and Diverted Tra!hc) by Vehicle
type excluding MC'

r assignmént(Q) - Normal Traffic {incl. Development and Diverted Tratfic) for MC .
- _Induced (inct. Davelopmen! and Diverted Tratfic) for MG
With Kompong Cham Bridge Case (2001, 2011, 2021) .
Network - free-flow at terry points excludmg the case for 2021.

{In 2021 ferry capacity constranit at Neak Loeung of the double level of that in
2001 is considered.)

“{Trave!l lime was considered at ferry poinl.)

VTIOD assignment{1) - Normal Tralfic (inch. Development and Diverted Traffic) by
o Vehicle lype excluding MC

{Induced (incl. Development and Diverted Traflic) by Vehicle
type excluding MC

assignment(2) - Normal! Tralfic {incl. Developmenl and Dwerled Traihc) for MC
Induced (incl. Developmenl and Diverted Tralffic) for MG

Note: 1t can be considered that additionat costs of ferry capacity 1mprovernenl in withou! Bridge case
for vehicle overflowing at feqry points are bensfit of Bridge.

VOCs related lo change in travel distance caused by ferry ¢apacity constraint and reduction of
travel lima by bridgé is considered as benefit of Bridge.

Benefil = Additional costs of ferry capacity improvement {without bridge case)
‘+ Reduction of passenger/Cargo time costs by the Bridge
+ Savings in ferry operation costs {with bridge case)
+ Vehicle operaling costs relaled to change in travel distance



The MINUTP software was utilized for handling OD malrices, perlorming Fratar
calculations, and computing the tralfic assignments. MINUTP is a suite of computer
programs that provide lhe capability to perform the usual functions of lraditional
transport planning with regard 1o trip generation, distribution, network assignment, elc.

The highest traffic volume was forecast al Neak Loeung; the traitic volume in pcu at
Neak Loeung in the case of a Neak Loeung Bridge was forecast around 1,800 peu/day
in 2001, 4,700 pcu/day in 2011, and 11,400 peufday in 2021. The Prek Tamak (Svay
Chrum) Bridge case and Kompong Cham Bridge case follow with similar magnitudes of
traffic voluma. Note that the 1895 fraffic volumes for the Neak Logung, Prek Tamak,
and Kompong Cham ferries crossings in terms of pcviday {not including NMVs and
MCs) were 970, 80 and 260, respectively.

it can be seen that latent Uraffic demand at each ferry point will exceed year 2001 ferry
capacity by 2011. The results of the trallic assignments are shown in Tables 4.33
through 4.35. o

Table 4.33 Traffic Assignment Results for Year 2001 al the Three
River Crossings

Descriplion Neak Locung - Prek Tamak  Kompong Ghara
' River Crossing River Crossing River Crossing

Normal Traflic in peu. (nolincl. MG) (pcu./day)

1. NoBridge Serario 1,540 ©120 480
2. Bridge at Neak Loeung - 1,560 10 480
3. Bridge at Prek Tamak : , .o 1,340 ‘910 190
4.  Bridge at Kompong Cham ‘ © 1,540 120 - 1480

“Induced Tralfic in pev. (notincl. MC) (pcu /day)

1.~ No Bridgs Senario ‘ e . -
2.  Bridge atNeakLoeung Sri2s0 0 0

3.  Bridge at Prek Tamak @ Foo 1170 .0

4.  Bridge al Kompong Cham ' ‘0 o 0 130
‘Normal Tratfic for MC {veh./day) ‘

1. No Bridge Senario 1,910 _ 2,460 1,770

2. Bridge at Neak Loaung 1,970 2,400 1,770 -

3. Bridge at Prek Tamak _ ' L850 " 5,610 1,610

4.  Bridge at Kompong Cham " 1,910 L 2,460 1,770

Induced Traffic for MC {veh./day)

i. No Bridge Senario ' - . .

2. Bridge at Neak Loeung : 520 - ] 90
3. Bridge al Prek Tamak 0 1,900 0
4. Bridge al Kompong Cham ' 0 0 8980
Source:  JICA Study Team
Note: Normal Traftic figures also include those for Development and Diverted Tratfic
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Table 4.34 Traffic Assignment Results for Year 2011 at the Three
River Crossings

- Description Neak Loeung  Prek Tamak = Kompong Cham
River Crossing River Crossing River Crossing

Normal Tratfic in peu. {nol incl, MG} (pcu./day)

i. No Bridge Senario 4,110 390 1,890
2. Bridge al Neak Loeung 4,150 340 1,690
3.  Bridge al Prek Tarfiak 3510 1,930 940
4.  Bridge at Kompong Cham 4,100 390 3,830

induced Traffic in pcu. (not inct. MC) (pcu.fday)
1. No Bridge Senario : : -

2. Bddge al Neak Locung 580 e 0
3.  Bridge al Prek TamaX 0 350 0
4. Bridge at Kompong Cham 0 0 410
Normal Traffic for MC {veh./day) :
1. No Brdge Senario 4,920 6,520 4,980
2. Bridge at Neak Loeung 5,120 6,330 4,980
3. Bridge al Prek Tamak 2,430 - 9,500 - 4,490
4.  Brdge at Kormpong Cham 4,920 8,520 4,980

Induced Traffic for MC {veh./day)
1. No Bridge Senario

2. Brdge al Neak Loeung 1,360 0 0
3. Bridge at Prek Tamak : o 3,330 it
____ 4. Bridge at Kompong Cham 0 0 2,780
Source:  JICA Study Team _ '
Note: Normal Traffic igures also include those for Development and Diverted Tratfic

4-50



Table 4.35 Traflic Assignment Results for Year 2021 at the Three
River Crossings

Neak Loeung ~ Prek Tamak  Kompong Cham
River Crossing River Crossing River Crossing

Norma! Tralfic in pcu. (not inc). MG) {pou.fday)

1. No Bridge Senario 6,340 4,610 4,900
2. Bridge al Neak Loeung 10,010 830 4,900

‘3. Bridge at Prek Tamak 6,190 6,760 2,890
4.  Bridge at Kompong Chani 6.300 4,460 5,080

Induced Traffic in peu. (nolincl. MG} {pcu /day)
i. No Bridge Senario - - -
2. Bridge at Neak Locung 1,390 0 0
3. Bridge at Prek Tamak 0 840 -0
4. Bridge at Komporig Cham ¢ 0 1,140
. Notrmal Traflic for MC {veh./day)
1. No Bridge Senario 4,920 6,520 4,980
2. Bridge at Neak Loeung 5,120 6,330 4,980
3 Bridge at Prek Tamak 2,430 9500 4,490
4.  Badge at Kompong Cham 4,920 6,520 4,980
tnduced Tratlic for MG (v'eh.iday)
1.  NoBrdge Senario )
2. - Brdge al Neak Loeung 1,360 0 _ 0
3. Bridge al Prek Tamak 0 3.330 0
4. - 8ddge al Kompong Cham 0 0 2,780
Source:  JICA Stludy Team : o _
Nole: Norma! Traffic figures also include those for Development and Diverled Tratlic
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CHAPTER 5 SITE SURVEY FOR THE CANDIDATE ROUTES

5.1

5.1.

1

The site surveys performed at each of the aiiern_alive bridge sites, originally identified,
consisted of topographic and bathymetsic surveys and geological investigations.
These are discussed below.

Topographic and Bathymelric Surveys

The detailed topographic and bathymetric field surveys of the six alternative bridge
crossings and topographic survays of all road approaches were performed during the
period from 21 Aprit 1995 ta 10 June 1995.

Topographic Suiveys

Topographic surveys included set(ing up bridge centerlines, selling up centerlines of
approach roads, laking cross-sections al 50 m intervals, for a width of 100 m frem either
side of the cenlerline (i.e., a 200 m band), and noting the surrounding topography,
structures, roads, and other features. Temporary bench marks made of concrete were

‘also established.

Topogra-ph'i'c surveys for bridges {overfand portion) and approach roads were carried
out over the following approximate lengths:

Neak Loeung A-1 Site 4,300 m

Neak Losung A-2 Site : 3,200 m
Prek Tamak B-1 Sits : 2,900 m
Prek Tamak (Svay Chrum) B8-2 Sute o 2,500 m
Kompong Cham C-1 Site : - 1,500 m{*)
Kompong Cham C-2 Site 3,160 m : ,
() Uptothe point where the easlern approach road al:gnments of C-1 and c2
coincide _ :

The following survey drawings were produced:

. Alignment and topography plans at a scale of 1:1,000, showing the cenlerline of
surveyed bridge and approach roads; layout of exisling roads, ‘including
centerline, edges of roadway ang widlh; struclures and other obsiruchons (such
as buildings, walls, tences, eleclric poles, telephone poles, lamp posts, lrees,
elc.); location and type of above ground services; location of river edges; location
of ponds, swamps, canals, and streams; and other topographic dala.

J Cross-sections at scales of 1:1,000 horizontal and 1:100 verlical.

. Plans and ground profiles of bridges at scales of 1:2,500 horizontal and 1:1,000
vertical, showing existing ground levels, river depths, and water levels.

. Plans and profites of approach roads at scales of i:2,500_ horizontal and 1:1,000
vertical, showing existing ground levels and eslimated design lovels.
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5.1.2

5.1.3

5.1.4

s insting topographic maps at scales of 1:50,000 and 1:250,000 covering' the
entire study area, and aerial pholegraphs at a scale of 1:10,000 {enlarged from
original prints of 1:25,000), covering all bridgs sites, approach roads, Roule 315,
Route 151, and the area between Routes 151 and 315, were procured and
studied. Photomosatc maps of Routes 15t and 315 were prepared.

Bathyrhetric Surveys

Bathymetiic surveys consisted of saveral river cross sections at each site taken by echo
sounding in the river and by normal fand surveying belween the water line and the river
bank.

The following river cross-sections were laken at each site:

Neak Loeung A-1 Site 7 seclions, about 900 m wide
Neak Loeung A-2 Site 7 seclions, about 950 m wide
Prek Tamak B-1 Site : 7 sections, about 750 m wide
Prek Tamak (Svay Chrum) B-2 Site : 7 sections, about 1,000 m wide
Kompong Cham C-1 Site © 7 seclions, aboul 700 m wide
Kompong Cham C-2 Site 7 sections, about 1,000 m wide

The following bathymetric drawings were produced:

- River cross-seclions at scales of 1:2,000 horizontal and 1:750 vertical.

River bed conlour plans at 1:2,000 scale showing contour fines every 2 m, and edges

- of river bank and water line.,

Gene'ral Topography and Bathymelr’y'al Bridge Siles

- The terram at each site is generally flat, with slopes averaging less than one percent. ‘
o Elevahons are normally higher at the edge of river banks, wilh the difference between

'bank edge and lowest inland levels being a lew melers. River botlom elevations range

“from -21 m to -26 m, excepl at the Kompong Cham C-1 site where river botlom elevation

is -46 m. Features of river crossings and approach roules at each sile are summarized in

~ Tables 5.1 through 5.6.

General Topography of Connecllﬁg Roads

Conneclmg roads are Ihose linking the approaches to Prek Tamak sites B-1 and B-2
with Route 11. " For B-1, the connecting road would be Route 315." For B-2, lhe
connecting road would consist of about 7.6 km of Route 151, from Svay Chrum {o
Taval, 10 km of a new road, from Taval to Thmei; and 48 km of Route 315, from Thmel to
Route 11 at Svay Antor.

The 60 km fength of Route 315 (starling at km 0 in Prek Tamak) crosses fiat lerrain,
ranging in elevalion_ between 8 m and 12 m, exceépt for a 3 km long seclion between km
3 to km 6 where the elevation is lower.
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Tablo 5.1 HNeak Loeung A-1 Site Features

River Crossing
Width - Main Channel 575m

- Secondary Channsgl 255 m

- lstand 815 m
Boltom Elevation (Main Channe!) -22.0m
Wesi Bank Edge Elevation ' 7.7m
Easl Bank Edge Elevation 80m

Western Approach Roule

Length _ 755 m
Highest Ground Efevation 7.7 m
‘Lowest Ground Elevation 48m

Vicinity - The approach route runs in a Westward direction from the western edge of the
secondary channel lo its junction with Route 1 {see Figure 3.2). il intersects two local
earlh roads which run parallel to the river. The first road is sitvated near the river, and -
the second about 400 m inland. There are houses alongs:de both local roads with -
tarmiand in between them.

Easler Approach Route

Lenglh j- g o 2’,9'40 m

Highest Ground Elevalion 80m
Lowest Ground Elevation - . 29m

Vicinity - The approach route runs eastward from the eastern edge of the main char-nel -
intersecting Route 11, and then tums southward to its junction with Route 1 {see
Figure 3.2). It intersecls several small access roads. There are houses anngsmle Route.
11, the access roads, and Route 1. A temple is siluated near the junction with Route
11. The route crosses an area of bushland and severa! ponds subject to severe
{laoding.
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Table 5.2 Neak Loeung A-2 Site Fealures

River Crossing

Width 880m
Botiom Elevation ~210m
West Bank Edge Elfevalion 70m

East Bank Edge Elevation 808m

Western Approach Route

- Length 1,550 m
Highest Ground Efevation 7.0m
* Lowest Ground Elevation 58m

Vicinity - The approach route runs in a north-weslward direction from the edge of the
fiver to its junction with Route 1 {see Figure 3.2). Itintersects one local earth road and
one access road silualed near the river.’ There are houses alongside the local and
access roads and Route 1 with farmiand in between. -

Easlern Approach Route

Length _ o 1,670 m
Highest Ground Elevation 8.0m

L owest Ground Elevation : 55m

Vicinity - The approach route runs north-eastward from the river's edge 1o its junction
wilh Route 1 {see Figure 3.2). W intersects a local road situated alongside the river and
several small access roads. There is a small clinic near the intersection with the local
road, and houses alongside Route 1 and the local and access roads. Most of the
surrounding area is farmtand. :
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Table 5.3 Prek Tamak B-1 Site Features

River Crossing

Width 700 m
Boltom Elavalion -26.0m
Waest Bank Edge Elevation 85m
£ast Bank Edge Elevation - 10.5m

Western Approach Route

Length 400 m
Highest Ground Elevalion 10.6 m
Lowest Ground Elevation 76m

Vicinity - The approach route runs in a north-westward direction from the river to ifs
junction with Route 6A {see Figure 3.3). It intersects one local easth road and one
access road situated near the river. There are houses alongside the local and access
roads and Route 6A wilth farmland in between.

Eastern Approach Roule

Length . 1,235 m
Highest Ground Elevation 105m
Lowest Ground Elevation - 76m

Vicinity - The approach roule runs soulh-eastward from the river lo its Ejunciioh with
Route 315 (see Figure 3.3). It inlersecls two focal roads, one situated alongside the
river and the other {Route 151) about 200 m inland. There are houses along the loca!
- toads and Route 315, and a temple near the junction of the approach road and Route
315. Most of the surrcunding area is farmland. L !
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Table 5.4 Prek Tamak (Svay Chruri) B-2 Site Fealures

River Crossing

Widlh 970 m
Bottom Elevation 21.0m
Woest Bank Edge Elevation 9.8m

" East Bank Edge Elevation g2m

Western Approach Route

Length -~ 1,150 m
Highest Ground Elevation 9.8m
Lowest Ground Elevation - 40m

Vicinity- The approach roule runs in a westward direction from the river Lo its junction
with Roule 6A (see Figure 3.3). It inlersects one local earth road situated near the river
and several access roads. There are houses alongside the local and access roads and
Route 6A. The area between river and Route 6A consists of farmiand, bushland, and

ponds and is subjected to severe flooding. '

Eastern Approach Route |

Length 1,380 m

Highest Ground Elevation ~96m
Lowest Ground Elevatlion _ 4_.3 m

Vicinity - The approach route runs north-eastward from the river 1o it$ junction with
Route 151 (see Figure 3.3}. It infersects two local roads situated paraile] to the river and
&qss_es a 'swamp about 200 m wide. There are houses along Roule 151 and the other
. local roads. Most of the sufrounding land is bush land and swamps subject lo flooding.

~ The lirst ?.5_km section of the B2 connecting road {on Route 151} is generally on flal
terrain above 10 min elevation. The 10 km section from Taval to Thmei crosses several
- swamps and low-lying areas subject 1o severe flooding. Over the next 48 km the road
i coincides with Route 315, ranging in elevation between 8 m and 12 m.
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Table 5.5 Kompong Cham C-1 Sile Features

River Crossing

Width E80m

Bottom Elevation -46.0m
Wesl Bank Edge Elevation 16.1 m
East Bank £dge Elevalion i1.5m

Western Approach Route

Length 650 m
Highest Ground Efevation ' 16.8 m
Lowest Ground Elevation 123 m

Vicinity - The western approach route lies within the city of Kompong Cham,
intersecting several slreels (see Figure 3.4).

Eastern Approach Route

Lenglh . 3,070 m
Highest Ground Elevation ' 13.5m
Lowes! Ground Elevation 9.0m

Vicinity - The approach route first runs eastward from the river past its jdnc{ion with a
local road situated alongside the river. It then tums southward (o its junction with Route
7 {see Figure 3.4). It intersects some access roads near floute 7. There are houses
alongside Route 7 and the various local and access roads. Most of the surrounding
area consists of farmland and bushtand subject to flooding. S :
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Table 5.6 Kompong Cham C-2 Site Fealures

River Crossing

Width 890 m
Botlom Elgvalion -26.0 m
West Bank Edge Elevation 15.1m
East Bank Edge Elevation 13.9 m

Western Approach Route

Length ‘ 720 m
Highest Ground Elevation 159 m
Lowest Ground Elevation 14.5m

Vicinily - The weslern approach route lies within the city ol Kompong Cham,
intersacting several streels (see Figure 3.4).

Eastern Approach Route

Length : 2370 m
Highest Ground Elevation _ 146 m

Lowesl Ground Elevation 9.7 m

Vicinity - The approach roule first runs eastward from the river past its junction with a

local road situated alongside the river. It then turms southward to ils junction with Route

7 (see Figure 3.4). It intersects some access roads near Route 7. There are houses

alongside Route 7 and the various local and access roads. Most of the surrounding
+ area consists of farmiand and bushfand that is subject to flooding.
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5.2

5.2.1

Geological Survey

‘Outline of Geology in the Study Area

The study area includes Neak Loeung, Prek Tamak, and Kompong Cham on the
Central Plain in Cambodia. The elevation of the sludy area ranges from 10 10 30 m
above sea level. Alluvium deposit formed by the Mekong River widely covers this area.
Other formations are not observable on the ground surface excepl al the sight-hand
side (i.e., west bank) of the Kompong Cham site.

Geological drilling results show that the geology of the study area comprises Alkiviun
formation, Dituvium formation, Terliary formation, and Mesozoic formation. Except lor
testiary formation, these formalions are each divided into the sand layer and clay layer.

The firsl formation is Atfuvium formalion of Holocene and Recent. This formation mainly
consists of sand, grave), silt, and clay, widely Covering the study area: These deposits
form river terraces and active fiood plains, including buried channels along the Mekong
River. The drilling resuits show that this layer can be divided into a sand layer (As} and a
clay layer (Ac). The N-value of this formalion is below 10; theretore, this formation is not
suitable for bridge foundations.

" The second formation is Diluvium formation of Pleistocene. This formation lies under
" {he Alluvium formation. This formation is comprised of a clay layer and a sand layer. The

drilling results shbw'thai these tayers are unconsolidated or semiconsofidated and can
be divided into a sand layer (Ds} and a clay layer {Dc). The N-value of this formation
ranges frora 20 to 40. This formation is not suitable for foundations of large structures

due to the heterogeneily ol consolidation and the N-value.

The third formation is Tertiary formation. This formation comptises basallic !ava (Tb) ﬁ
Basaltic lava bearing ofivine with joints can be observed at the right-hand side of the .
Mekong River at the Kompong Cham site. The distribution area of this lormalson is

limited to the Kompong Cham site in the study area. As il is estimated thal the . |

comprassive strength of this basalt rock is more than 100 kgfem2 and the internal
friction angle is about 40 degrees, this formation is suitable for bridge {foundations.

The last formalion is Mesozoic formation. Oriiting results show that Mesozoic formation
ties beneath the Diluviurm formation and can be divided into a weathered sandstone
layer (Ms) and a hard clay layer (Mc). This formation is distributed from the Neak Loeung
site o the Kompong Cham site. As the strength of this formation is estimated to have a
compressive strength ol about 40kg/cm2 and the cohesion is about 10-30 kglcm2 this
formation is sufficient for bridge foundations.

This geological sequence is shown in Table 5.7.
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5.2.2

Table 5.7 Geological Formation for Bridge Foundation

_Geological Age  Formation Descriplion “Suitability for Foundation
Holocene Alluvium Ciay (Ac), Sand (As)  No! suitable
Pleistocene Diluvium Clay {Ds}, Sand (Ds) Not suitabla
Tertiary Basaltic Lava  Basaltic Rocks (Th) Suitable

~ Mesozoic Sandstone  Hard Clay (Mc) Suitable

Weathered Ss{Ms)  Suitable =

Gedlogicat Site Condilions

(1

(@)

Neak Loeung Site

Althe Neak Loeung site the Study Team perormed geologica! drilling tests along
the A-1 and A-2 routes, as shown in the Appendix 5. The geology can be
described as Alluvium deposil {As), Diluvium sediment (Ds), and Mesozoic
Sandstone (Ms) as the base rock along the A1 route. Aluvivm deposit {As)

~composed of sand is observed on the ground surface. The thicknass of this
~deposit is estimated at about 10-15 m. Diluvium sediment lies beneath the

Alluvium deposit (As). Diluvium sediment (Ds) also comprises sand. Some drilling

_results show that the N-value of this sedimant, according to the Standard
- Penetration Test, ranges from 10 10 40. The thickness of this layer is greater than

15 m. The Mesozoic sandstone formation is distributed below the Diluvium
sedimenl. This formation is formed by a hard clay layer and a weathered

sandstone layer. The hard clay layer is parlly sitvated lenticutarly.

‘The geology can be also described by Alluvium deposit {'As). Difuvium sediment

{Ds), and Mesozoic Sandstone (Ms) as the base rock along the A-2 route. The
thickness of the Altuvlum deposit (As) is estimated at about 10 m trom the ground

'surlace. The Diluvium sediment (Ds) lies undernéath the Alluvium deposit {As).

Some drilling results show thal the N-value of this sediment, according fo the

~ Standard Penetration Test, ranges from 10 to 40. The thickness of this layer is

about 20 m. The Mesozoic sandstone formation is distributed below the Diluvium
sedimenl. This formation is formed by a hard clay layer and a weathered
sandstone tayer. Therelore, the toundation for the bridge would be 30m below

- the ground surface. The geological profile along the A-2 route is shown in Figure .
- 5.1,

Prek Tamak Site

Al the Prek Tamak site, the Study Team performed geological drilling tests along
the B-1 and B-2 routes, as shown in the Appendix. The geological conditions
along both routes at the Prek Tamak Site are generally similar o those of the Neak
Locung site. Along the B-1 and 8-2 routes, the thickness of Alluvium deposit
(As~Ac) is estimated at aboul 10-15 m below the ground suclace.  The Dituvium
sediment (Ds) lies below the Alluvivm deposit (As ~Ac). Some drifling results



e W, 2 g

26£7] A0 PITY PUT 0UOITPUVE PaJeTITEA Ot07ORN [AH|

L9 puws wumanqeg | ¢
JORRT ANIG PUR PUNS WOIADY |V

pasezey

00°05-

il

Elalad 14}

000p-

EillES

L]

T o0eE

3

..nfl;/:z“

1y ——

e

YT

T -
. -
i o

~

—— AT,
g -
as , ; e 000 4-

A~ A ——— e
N -
R el

’._?l

e

) a i-..r..w_ﬂ.

—— a

‘-0-0" 1
e

i

e

R 000
wror ) 1000l

L 0002

Geological Profile at Neak Loeung {A-1 and A-2 Routes)

~ Figure 5.1

JAPAN INTERNATIONAL COOPERATION AGENCY

i
)
i

awd h)

oot

AW(0 prY] PUY SUOMDUER iaQrYea u_.aiv!m :

00 0v

dwiv] puws I._:.:.._E (e

[

ded¥] puws mnjanrry U

- Q00

e

sodep seq puvg  TNE )
PUGHOT]

0076

0oL

THE FEASIBILITY STUDY ON
CONSTRUCTION OF THE MEKONG BRIDGE

IN KINGDOM OF CAM'BQDIA

511



{3}

show that the N-value of this sediment ranges from 10 to 40. The Mesozolc
sandstone layer {Ms), which is suitable for bridge foundation, is below the
Diluvium sediment. The top surface line of the Mesozoic sandstone layer (Ms}) is
uneven due to past scouring of the old Mekong River. The geological profiles
afong the B-1 and B-2 roules are shown in Figures 5.2, respectively.

Kompong Cham Site

Al the Kompong Cham site, the Study Team performed geological drilling tests
along the C-1 and C-2 routes, as shown in the Apperndix. At the Kompong Cham
site, the geological conditions are different between the C-1 and C-2 routes.

On the right-hand side of Mekong River {i.e., west bank}, Basallic lava (Tb) can be
observed on the ground surface along the C-1 route. This lava (Tb} with several
joints comprises hard basalt rocks of Late Teitiary Era.  The steep slope of the
western river bank deronsirates that the oulcrops of this fava are on that stope.
This lava (Tb) is suilable for bridge toundalion.

On the feft side of the river, the geological conditions can be'describe'd by
Sandbar deposn (Sb), Alluvium deposit (As}, Diluvium sediment (Ds) and
Mesozoic Sandslone tayer (Ds) as the base rock. Although the drilling did not
reach the Me_sozo:c Sandstone layer {Ds}), the fop surface of the Mesozoic
Sandstone tayer {Ds) is expecied to e about 50 m below the ground surlace.

Basaltic lava [Tb) is not dbser_véd on the right-hand side of lhe Mekong River
along the C-2 route. The geology along the C-2 route can be described by
Alluvium deposit (As), Diluvium sediment (Ds), and Mesozoic Sandstone (Ms) as

t the base rock. The thickness of Alluvium deposit {As) is 10~20 m'from_lhe
© ground surface. The Diluvium sediment (Ds) lies undefneath the Alluvium

depos:t Some drilling resulis show that the N-value of this sedimenl according

' 1o the Standard Penelratlon Test, rangas from 10 to 40; the thickness of lhe layer

is greater than 10 m. The Mesozoic sandstone formation (Ms) as base rock is
distributed below the Diluvium sediment. This formation {Ms) comprises a
weathered sandstone layer. Although the Mesozoic sandstone formation {Ms)
was confirmed by the drilling tests in the river, the top surtace of the base rock on
the right- -hand side :a1ong the C-2 rolrte is astimated to be about 50 m below the

- ground surface due to the scouring of the old Mekong River. The geological

profile along the C-2 route is shown in Figure 53.
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CHAPTER 6 RIVER HYDROLOGICAL STUDY

6.1

6.1.1

6.1.2

Climate and Hydrology
General Features of the Mekong Rives

The Mekong River originates in the Tibetan Highlands with an elevation of some

5,000 m above sea level. The river flows down through the countiies of Myanmar,

Laos, Thailand, Cambod?a and Vietnam, and then finally runs into the South China Sea
al the south end of the Indo-Chinese Peninsula. The catchment area of the Mekong
River is 795,000 km2, and the length of the water course is 4,200 ki, Location map of
the Mekong River basin is show in Figure 6.1.

Around the Tibetan Highlands, the Mekong River runs paraliel with the Yanglze River
and the Salween River forming deep gorges. From its origin 1o the Golden Triangle, -
which is the aréa around the borders of Myanmar, Thailand, and Laos, the river has a
rather steep slope of around 1/400 on average. The river slope becomes gradually
genlle afler the Golden Triangle. The average river slope is around 1/2,500 from the
Golden Triangle to Vientiane. Dawnstream from Vientiane, the river runs almost nosth
1o south along the border of Thaitand and Laos and then into Cambodia. The river
slope is genlle in general excep! around the Khone Falls. The average river slope is
1/8,500 from Vienliane to Phnom Penb., '

~ At Phnom Penh, the Mekong Riverijoins with the Sap River. Din‘ing lh’e flood season, -

the water flow of the Sap River is reversed by the flood water of the Mekong River and
flows into the Great Lake {i.e., Lake Tonle Sap), which is located 100 km upstream from
\he confluence. The Greatl Lake is functioning as natural retardation storage in the
Mekong River basin. The flood prone area spreads widely over the low-lying plain
downsiream ol Kompoang Cham in Cambodia to around Vinh Long and Can Tho in

' Vsetnam

Thie Mekong River splits into twa branches, the miainstream and the Bassac River, at
Phnom Penh. These rivers form the Mekong Delta at the furdhest downstream section;
and finally pour into the South China Sea. :

Climate
(1j' General

‘The Climate in Cambodia is classified as ‘Tropical Monsoon' with delinite wet and
dry seasons alfected by the direction of the monsoon. The south-west nonsoon
prévails in the wet season from May to October. This mohsoon brings warm,
moist air from the Indian Ocean and provides rainfall to Cambodia before passing
the meounltains along the Vielnamese border. On the other hand, the north-easl
monsoon with dry, cold air dominates in the dry season from November to April.
Table 6.1 and Figure 6.2 show the summary of cr?malologica1 records at Phaom
Penh. - '
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Table 6.1 Climatologlical Record at Phnom Penh (Pochentong)

Jan  Feb  Mar  Apt  May June July  Aug  Sep - Ol Nev  Dec  Annual

Rain (mm)

No. of Rainy Oays

Temperature (°C)
Average Max.
Mean
Average Min,

Evagoration {mm)

Relative Humidity (%)

3 2 23 71 (13 - %16 163 188 283 222 10 4 1278
u o @ ® {xn 08 (n  (09 @) (19 ) o (25

at0 327 342 350 340 330 321 324 312 306 302 300 322
260 275 289 236 236 281 275 276 272 211 267 256 275
214 223 237 247 246 246 243 246 245 243 234 218 237
377 193 260 225 184 179 173 167 142 145 150 176 2,182
7 69 63 72 80 | g0 8 82 B 86 73 I8 77

Source | Meteorotogy and H ;drorogy Depariment of Mnn:str}f of Agriculture

{2)

Rainfal

Average annual rainfall in Cambodia varies from 1,500 mn3 or less in the central

“plain, from 1,500 to 2,500 mmi in the surrounding mountains, and from 2,500 to

3

(4}

{5)

3,000 mm of more in the south-west coastal area. The monthly varialion of rainfal
al Phnom Penh shows that the peak of the rainy season takes place in
September, and the rainfall during the wet season (from May to October) amounts
1o 83% of the annual rainfall. In tho dry season, rainfall is scarcely observed
especially from December 1o March.

Air Temperature

Air temperature becomes highest in April and lowesl in December. In Phnom
Penh, lhe average air lemperature by month ranges from 35°C to 30°C for the
daily maximum, from 30°G to 25°C for the daily mean, and from 25°C 10 21°C for
the daily minimum.  The recorded absolule maximum and mintmum air -
temperatures are 40.5°C and 13.3°C, respecti@rély.

Relative Humidity

The annual mean relative humidity is 77% in Phnom Penh. Vanaluon of the :
average monlhly relative humidity shows that the highest (86%) lakes piace in
Oclober and the lowest {69%) is observed in February/March.

Evaporation

The annual evaporation at Phnam Penh is somae 2,200 mm on average, which -
amounts to 170% of the annual rainfall. The average monlh!y gvaporalion rate
becomes hlghesi in March and lowest in September and exceeds the monthly
rainfall excebt in August, September, and October.
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Source : Meteorology and Hydrology Depariment of Ministry of Agriculture

Figure 6.2 Climatological Record at Phnem Penh (Pochentong)

6.1.3 Hydrology
(1) * Gauging Stations

In Cambodia, hydrological observations of river stage were iniliated around the

* end of the 19th cenlury, and discharge measurements were carried out in the
1960s. The obseivations were discontinued in the early 1970s due to security
conditions and restarled around 1980.

- River stage is recorded as gauge height, and each gauging station has a dilferent

~ elevation of gauge zero. In the lower Mekong basin, elevation of gauge zero is

tindicated by height from lhe mean sea level of Hatien datum. Hydrological

" records including gauge height at discharge on a daily basis were oblained for the
gauging slations listed in Table 6.2, '

Table 6.2 Hydrological Gauging Station

Name River  Latitude Longitude Distance from  Gauge Zero
U v LA |- =1, N

Kratie Mekong  12°286'N 106° 00.9'E 545 . .1.08
Kompong Cham Mekong  11°59.7'N 105°27.9' 410 -0.93
Phnom Penh Mekong 11° 35 00" N 104°56'33" £ 332 -1.08
Neak Loeung Mekoéng 112 15'37° N 105° 17" 13" E 277 -0.33
Phnom Pean ‘Bassac  11°337'N 104° 65.9'E 325 -1.02

Tan (,hau []_ Mekong 10°48.2' N 105* 146 E 220 0.00

" Source : National Mekong Commitlea
Note (1 :Gauging station in Vietnam



(2) Water Level and Discharge

The waler level hydrographs at Kratie, Kompong cham Phnom Penh {Bassac})
and Neak Loeung in 1994 are presened in Figure 6.4. The water leve! of the
Mekong River becomes lowest in April at the end of the dry season. From the
beginning of the wel season, the water level gradually increases and reaches ils
highesi_ tevels in Seplember/October. The average difference belween the
highest and lowest water level is around 12 m at Kompong Cham, ¢ m at Phnom
Penh, and 7 m at NeaK Loeung. Table 6.3 presents the recorded highest and
lowest water level al the gauging stations along the Mekong River.

Table 6.3 Recorded Highest and Lowest Water Levels

_ Maximum o Minirmum L
_Station Gauge Height {m) Elevation (EL m) Gauge Height (m) - Elevatlon {EL m)
Kratie 23.02 (1984) 21.94 4.67 (1960} 3.59
Kompong Cham 15.82 (1939) 14.89 1.74 {1963} 0.81
Phnom Penh 11.08 (1961) 10.00 1.22 (1960) 0.14
‘Neak Loeung __7.93(1966) 760 - -

Sourc:e National Mekong Committee, Meteorology and Hydrology Depariment of Ministry of hgncu?ture
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Sowca:  National Mekong Commitiee, Meteorobgy and Hydrology Oepaﬁmenl of Ministey of Agnculiure

Figure 6.3 Water Level Hydrographs in 1984

The average discharge al Kratie with a calchmen! area of 646,000 km? is 13,970
m3/sec (1924 - 68) which is equsvarenl 1o an annual runolf volume of 440 x 10°
m?3 or an annual runofl depth of 682 mm. The annual maximum and stinimum
discharge al Kratie are 52,000 m3/sec and 1,750 m3/sec on average,
respectively. The ratio of the maximum discharge lo the minimum discharge is
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