





APPENDIX J. INUNDATION DAMAGE AND ECONGMIC EVALUATION
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J.1 Inundation Damage
J.1.1  Damage Survey

Interview surveys  were conducted to grasp the situation of inundation
ir_l the Study area. The surveyed arcas arc sclecicd among those frequently
inundated on the basis of the information furnished by the district offices in
Vientiane Municipality. The sclected arcas are shown in Fig. J.1. " The sites are
selected chiefly in the urbanized and low lying area where the side ditches of

road are not adequate. The specifications of surveys are as summarized below:;

Period: from May 3, 1989 to May 8, 1989
No.' of samples: 853
Major survey items:

)

Frequency of inundation
- Water level. and durations
- ldentifications of serious problems due to
inundation . on:
+ House
* "Household goods
= Disecase
» Casualty
+» Trouble in traffic
« Trouble in electricity supply
+ Trouble in water supply
* Trouble in telecommunication
+ Damage to business
. Deimagc 10 crops
» Damage to livesiock
« Loss of wages
- Value of housc
- Value of houschold goods

- Income/sales
- Assets of faclory, farm and shops
Method: ‘ Home ~visit. interviews



J.1.2 Inundation Damage Potentials

The major damages in the Study arca idcntified by damage survey are as

foliows:

- Damage to housc

- Damage to - houschold articles

- Damage to shop and factory

- Damage 1o public infrastructure
- Damage to traffic

- Sales loss

- Wage Loss

- Damagc to daily lifc of inhabitants
- Damage to health condition

- Damage to crop

- Other damage

The damaged values of a house varies from piace to place for each
“identified item. This is because of the difference in the values of a house, in
case the house damage. another reason for the difference is the damage ratio
which depend on the topographic conditidﬂ and the durability of a house. The
potential damage of one item, a house for instance, is defined as the unit value
of damage potential (UVDP) and depends on the value of the unit and its damage

ratio.

"According 1o the results of the damage survey the unit value of
damage potentials of cach arca arc different according to the land use pattern
in the relevant arcas. This might be one of the rcason why the inundation
damage in the central city area is high as compared with that of rural area. In
this connection, the Stud_y arca is classificd inte threec groups, accbrding to land

use patterns and socio-economic features at present as follows:



Share of Built-up Arca ' - Sub-arca (Present)

Arcal : More than 85% H, L
{(Located in  central
city of Vientianc)

Area I . 20%-85% A B,CDEFG,LIK M,
0,P,Q
Area TII : Less ‘than 209% AN

The features of cach classified area arc presented below;

Arca Land Use
Area 1 _ Central, Public & Commerce Industrial Area
Area [T Residcmial' Area in Urban Area

~ Area I : Residential Area in Rural Area

The  unit- value of damage potential of Area | are assumed to. be that in
central, public, commerce and industrial area in the Study area. The unit value
of damage potential of Area III is assumed to be that in the residential area in
the -rural area. Meanwhile the unit value of damage potential in Area II is
adopted to the residential area in the remaining arca. The: damage may be

estimated applying this value to the lot number located in the inundated arca,

- As for the damage to crop, the unique unit value of damage potential is

estimated and used to the entire inundated agriculiural land in the Study area.

J.1.3  Assumed Inundation Area and  the Lot Number Therein

The inundation arcas to be incurred by the 10-year storm are estimated
on ' the basis of Geomorphological Survey Map of the Mekong river basin and

“the field surveys which was conducted during the Study.

The inundation arca is assumed to be 2,288 ha for the 10-year inundation
as shown in Fig.J.2. The assumed inundation arcas by land uses in 1989 and
2020 are ecstimated supervising the inundation map on the present and futurc

land ‘usc maps.



" Department of Agricultural service and the offices of four districts in
the Study arca assume that 70% of the green arca arc agricultural land. The

assumption is adopted in this Study.
The inundation area by sub-arca are summarized in Table J.1.

The population in -the inundation area are estimated on the basis of the
population density in cach sub-area and the land use. The number of house,
shop, factory and major public facilitics are estimated by the following

methods.

(1)  The number of house including small shop and factory except large
market and industrial facility are¢ estimated on the basis of population

and avcrage houschold size,

(2) The estimated number are reviewed fcferring to the number of Houses
and building estimated with 1: 5000 Map prepared in 1983. The huge
building including market, factory and major public facilities are

identified by the above map and field survey.

(3)  The number of small shop and factory arc estimated on the basis of .
following share of shop and factory against to total number of houses
according to information of Department of ‘Commerce and Industry;

Vientiane  Municipality.

Share of Shops*

Area and Factories (%)
Area 1 10
Area I 40
Area 11l | 80

The details of above: estimation are shown in Table J.2 1o 5.5,



1.2 Damage for the IO-ycar Storm

The inundation damage potentials duc to the 10-year storm are evaliated
based on the past damage daia and related informations  collected by the
damage survey and field survey., The damage potentials are estimated at

cconomic’ price in 1989, adopting the following assu'mptions.'

- The rate of 0.9 is adopted for the conversion factor to convert
financial price to economic price same as the previous study of JICA. -

- ‘The rate of 0.37 is adopted for the shadow wage rate of unskilled labour
same as the previous siudy of JICA. '

- The unit price of a crop is evaluated by border price

The damage potentials at 1989 economic price by damage item are

estimaied in foIloWing sections.

'1.2.1. Damage 10 House

According to the result of damage survey, 15% of sample households in
inundated area were damaged due to inundation. The damaged households were

forced to spend on thc'repair and reconstruction of their houses.

The economic damage potential to house in cach sub-area is estimated on

the basis of following function:

Dh=VhxDxN x DR x CF.

Where, Dh : Economic damage po.lential te house
' Vh o Original valuc of housc at 1989 year price
D : Depreciation ratio _
N : - Number of houses ih thé inundaiion area
DR : Damage Ratio

CF. : Conversion Factor

Houses - in the Study area are classified into 3- types according to the
matcri'a'ls of house, that is, bamboo/wood, wood/brick and cement/brick as

shown " in foIIowing' table. The share of houses by each type against iotal



number of housc is cstimated on the basis of the data’ obtained from the damage
survey.  The original valuc and the average durable year ol house by materiql

type arc assumed according to the interview with the construction compamcs

in Vientiane.

Share by Type of Material (%)* Original Value Average

Material Type - ' ‘of House**  Durable
Area 1 Area 11 Area 111 (103 kips) Year
Bamboo/Wood 5 5 35 - 1770 10
Wood/Brick 05 85 80 3,540 30
Cement/Brick 0 10 15 10,620 50
Note : * The share against the total number of houses to be
interviewed, '

**  QOriginal value of house with 120 m?2 of average floor area

According to above data, the weighted average of = house value “and
durable year in cach area category are cstimated. The average original vaIue:
of hodse with 120 m2 of floor area and 2 stories are estimated to be 3,452 x 103
kips for houses in Area I, 4,160 x 103 kips for houses in Arca II and 4,513 x 103
kips for houses in Area IIl. The average durable years ‘of house are estimated to
be 30 years for houses in Area I, 31 years for houses in Area IF and 32 years for

houses in Area III.

The depreciation rate is set on the basis of average depreciation period of
house after construction according to the result of the damage survey and the

average durable years of housc in each area.

The average present value of house in each area  are estimated on the

basis of the original value of housc and depreciation as shown below:



Area Category I L Il

Original Value (1,000 kip) 3,452 4,160 4,513
‘Depreciation ‘Period  (year) 11 12 13
- Average Duiable Years (years) 30 C 31 32
'Depreciation  Rate (%) 64% 61% 59%
Preseit Value | 2,210 2,540 2,660

The damage ratios for the 10-ycar storm are sct by adopting the figures
obtained from ‘the damage survey. In Area II and III where inundations
mainly concentrated, ‘the floor height of houses - and buildings arc estimated to
be less than 50 cm in cach sub-arca according to the damage survey while that
in Area I are estimated to be 130 cm. The damage ratios are estimated 'on the
basis of the proportion of the average damage amount against the average
present value ‘of house per sample houschold to be damaged and the sharc of
number of damaged houschold in total number of sample houscholds in
inundation area. The damage ratios are assumed to be 0.5% in Area 1, '1.4% in

Area II and 1.6% in Arcalll for the 10-year storm.

"The unit cconomic value of damage polential for the 10-year storm per

onc houschold in inundation area is cstimated as follow :

A Présem . Value Damage Conversion Unit Damage
area (1,000 kip) Ratio Factor (1,000 kip/HH)
Arca I 2,210 0.5% 0.9 10
Area 11 2,540, 1.4% 0.9 32
Arca 1. . . 2,660 1.6% 0.9 38

The total e¢conomic damage potentials by sub-area are shown in

Tabi_é‘ 1.6.

1.2.2 Damage to Houschold Article

The :houséhold articles are damaged for only 5% of the households in the

inundated “arca. The causc of relatively small damages to ‘household articles are



speculated that the inhabitants in the inundation arca move their important

articles in advance to safe places before the inundation occurs according to the

cxpericnces in every  year,

The economic damage potential valuec of household ‘articles is estimated

on the basis of following function,
Dha=Vhax Nx DR x CF

Where, Dha : Economic damage poiential to household article
Vha: Average value of houschold articles” per household

N : Number of houses in the inundation area
DR : Damage Ratio
CF. : Conversion. Factor

The common household articles in the Stwudy area are carpet, furniture,
clothes, kitchen cquipment -and bicycle. In addition some Iuxury goods, such
as, refrigerators, air conditioners, fan, radio, stereo set TV and Mobylette are

owned in especially in central city in Vientiane.

The average value of these household articles per one household and
damage ratio for the 10-year storm are estimated. The average value -of
houschold articles per one houschold is estimated on the basis o'f. average
amount ‘of household articles owned by the samplc households in the
inundation arca. The damage ratio is assumed to be proportion of the average
damage amount against the average value of houschold articles per .one  sample
houschold. ~ The unit economic damage value per one household in inundation

area is cslimatcd as follow:

Unit Economic
Damage Value

Average Value

Area - of Household Article Damage Conversion

(1,000 kip) Ratio Factor (1,000 kip/HH)
Area 1 470 3.0% 0.9 13
Area TI 500 4.1% 0.9 18
Arca 111 810 4.5% 0.9 | 33




The - total economic damage potentials of houschold articles for the
10-year storm are estimated and resuits are shown in Table 1.7.

J.2.3 Damage to Shop and Factory

There are most important commercial zone and 15 major markets in the
Study area. Small sc_ale= factories also concentrate in the Study area. The direct
damages to shop and factory compose of damage to assets (machinery, display,
equipment) and the stocked materials. These assets and stocked materials are
liabie 10 be the victim of inundation and have brought thc most serious damage

to economic activity.

The damage potential of shop and factory is estimated on the basis of
following function.

Dsf = (Vsax DRsa + Vss x DRss) x N x CF.

Where, - Dsf : - Economic damage potential to shop and factory
' Vsa : Average valuc of assets per shop and factory
Vss : . Average value of stocks per shop and factory
N :  Number of shop and factory in the inundation area
DRsa, DRss:  Damage Ralio

CF. : Conversion Factor
average value of and the damage ratio due to inundation.

" The average valuc of asseis and stocks per one shop and factory are

estimated as follows,

Unit ; 1,000 kip

o Average Value Average Value
Atea of Assels - of Stock
Area 1 730 - 430
Area 11 _ 962 - 600
Arca T 1,134 | 640

- Note: Average value of asscts and stock owned by interviewed shop



For this study, the damage ratio arc calculated on the ‘basis of the share
of damage amount per onc damaged shop and factory in -average amount of
assets and. stocks to be owned by one shop and factory and the propbf’tion of
damaged shops and factories against total numl_)er of shops and factories in the
inundation area. These data were obtained from the’ damage survey. From the
damage survey to shop owner, the inundation damages due to the 10-year storm
are identified to be different by area categories. The damage ratios for the 10-

year storm arc estimated as follows.

A Damage  Ratio Damage ~ratio
rea to Assels to Stock
Area I ' :3.29 2.4%
Arca II 1.3% . 0.9%

Area III 3.6% 2.5%

“The unit economic value of damage potential per one shop or factory in

inundation arca for the 10-ycar storm is ecstimated as below:

Unit : 1,000 kip

Average Damage Value Conversion Unit
Arca Eactor Economic
Assets Stock Totai Damage
Arca 1 23 10 33 0.9 30
Arca 1I 12 5 17 0.9 15

Area III 41 16 57 0.9 ' 51

The total economic damage potentials to shop and factory for - 10-year

frequency inundation are estimated as shown in Table J.8.

J.24 Damage to Public Infrastructure

The existing public infrastructures in the Study area are road, bridge,
hospital, school, government offices and public facilities of water supply

system, electricity distribution system, sanitation and telecommunication
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system.  According to the information of Vientiane Municipality,” the most
serious damage. to public infrastructure -due to inundation is identified to be
damage to road. As for the damages to electricity supply, water supply and
telephone scrvices are estimated as the indirect damage and data of damage to
other public facilitics are not available. In this study, the damage to road is
adopted as the dircct -damage 1o pﬁb!ic infrastructure,

The economic damage to road is estimated on the basis of following
function, ' '

Dr=CrxL x DRx CF.

Where, Dr . Economic damage potential to road
' Cr : “Average repair cost of damaged’ road per meter
L : Length of road in the inundation area

DR : Damage Ratio

-CF. : Conversion Factor

In the Study area :the road is classified into two categories, that is, the
first grade road and the second gradc road according to the road width. The
first grade'-road.is pavcd with asphalt and the second grade road is composed of
asphall pavement - road, lateritc pavement road and non-pavement road.
According to - Vientiane Municipality, the laterite pavement roads were
damaged ' by - inundation and the repair work was required while the damage to
road of other type were relatively small.  For this study, the repair cost of the
second grade road paved with laferite is considered. The damage value of road
“in the inundation area is estimated on the basis of the average repair cost per

meter and the average damage ratio duc to inundation.

"The average repair cost per meter for laterite pavement road is set on
“the basis' of data from Vientiane Municipality. According to the criteria of

Vientiane Municipality, the second grade road is classified to two types as

follow:
Type 1 Width 6 m
" Thickness of pavement 30 cm
Paved volume per meter 1.8 m3

I



Type U Width ' 4m
Thickness - of pavement - 20cm
Paved volume per meter 0.8 m3

The unit repair cost of damaged lateritc pavement road is set o be 1,000
kips per square meter and the repair cost per meter is estimated to be 1,800 kips
for type 1 and 800 kips for type H on the basis of above paved volume. The
avcrage repair cost of damaged road is estimated to be 1,400 kips by assuming
that 60% of the damaged road is classified as type I and remaining 40% of ihe

damaged road is classified as type I

The total length of second grade road of each sub-area are estimated by
measuring the road .alignmeht in the inundation area utilizing with 1 : 5,000
Map covering Sub-area B, C, D, E, F G, H, I, K, L, P and Q. The road length of
remaining area are assumed by calculating the average road dcnéity of the
" sccond grade road in above sub-arcas. In order to estimate the inundated road
length, the proportion of inundated area to total area of each sub-area are
assumed as the proportion of the inundated road length' against total road
length of each sub-area. In addition, 10% of inundated road is assumed to be
damaged due to inundation according to the information of Vientiane
Municipality. Adopting above assumption, the Ilengih of damaged ‘road is
estimated by multiplying the inundated road length and 10% of the .damége
ratio. The ‘total economic value of damage po'tcnlia'l's' of road due to inundation

arc cstimated by adopting 0.9 of conversion factor as shown in TableJ.9.

J.2.5 Damage to Traffic

During the inundation period, the hindrance to the traffic system  occur
and the transportation of both passenger and cargo are disturbed. ~ From the
damage survey, this damage is identified to be the most serious damage  for- the.

inhabitants.
The economic damage potentials 10 traffic are cstimated ‘by calculatmg as

the loss of traffic charge of bus, . taxi and other transportation.  The damagc

potential 10 traffic is estimaicd on the basis of following formula,

J-12



Dt = VixFixPtx DRx COF,

Where Dt :  Total economic damage potential io traffic
vVt - Daily traffic Volume in the Inundation Arca
Ft : Average traffic charge per personsekm or tkm _
Pt : - Average traffic block period
DR : Damage ratio
CF. : Conversion Factor

The damage .potentials are estimated both for the passenger
transportation and cargo transportauon ' '

The daily traffic volume in the inundation arca are calculated according
to the information of Vientiane Municipality, In 1988 the total traffic volume
in Vientiane city were 9,903,722 personsskm and 80% of these traffic volume
concentrated in the Study Arca. The dhily iraffic volumes. in the Study Area are
estimated to be 21,707 personsekm and 158,989 tkm.

The traffic volume 1is distributed to each sub-area with share of
population in each sub-area against total population in the Study area and
traffic volume in inundation area is also estimated according to share of
population in mundatlon arca to that of sub-area. The traffic volume of each

sub-area is shown in- TableJlO

The average charges of transportation in the Study area are assumed 1o
be 44 kip/persons-km and 25 kip/tkm according to Vientiane Municipality and
UNDP data. The average period of hindrance for 10-year storm is set according
to the resuit of the damagé survey. The damage ratio is estimated as the
~ proportion of number of household to ‘be blocked of their traffic against the
total number of houschold in inundation area. The above data are summarized

“in following table.
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Average Traffic Period of Damage Conversion

Arca Cost Hindrance Ralio(%) “Factor
Passenger 44 kip/p.km 26 hour 70% 0.9
Cargo 25 kip/tkm 26 hour 0% 0.9
Arca I
Pas.scngcr 44 kip/p.km 31 hour 62% 0.9
Cargo 25 kip/t.km 31 hour 62% 0.9
Arca Jll -
Passenger 44 kip/fp km 14" hour 71% 0.9

Cargo 25 kip/ tkm 14 hour 11% 0.9

The total economic damage potentials to traffic for 10-year storm are
estimated by adopting 0.9 of conversion factor as shown in Table J.11 and J.12.

J.2.6 Sales Loss
{1) Sales loss of shops

The sales of shops arc decrcased during the inundation period. The
economic damage potential to sales loss of shop is estimated on the basis

of following function.

‘Dss=SdxPxNxDR x CF.

Where Dss : Total cconomi(_: damagg potential to sale o'f ‘shop
Sd : Average daily sale in the inundation area
P . Average damage period
N : Number of shops in inundation area
DR : Damage ratio
CE. : Conversion Factor

The average proportion of average sales loss per one damaged shop
against average daily sales per one shop in ‘inundation’ area due to- 10- -
year storm is estimated to be 20% in Area I, 27% in Area II and 32% in

J-14



(2)

Arca ITY respectively according to the damage survey. The shops in
inundation ‘arca lost their sales during the inundation period "as well as
the restoration period after inundation. The average periods to decrease
s_alcs of damaged shops are estimated to be 2 days in Arca I and 3 days in
‘A'rca Il and III on the basis of results of the damage survey.

The average value of sale loss per one shop in inundation area for the
10-year storm is estimated on the basis of the average daily sales per
shops in the Study Area obtained from Vientiane Municipality, 4 District
offices and the damage survey. The average value is converted to
cconomic value by adopting 0.9 of conversion factor. |

 Area Average Daily Damage Damage Conversion Average Value
Sales (kip) Ratio (%) Period Factor of Damage (kip)
Arca [ 4,300 20% 2 days 0.9 1,548
Area I 9,330 25% 2 days 09 4,199
Area I1I 15,200 27% 3 days 0.9 11,080

“The total economic damage polentials of sales loss for the 10-year storm

in each sub-area are calculated bascd on assumed number of shops as

show in Table J.3. The results arc summarized in Table J.13

~ Sales loss of market

In addition above, ‘inundation damages to thc large markets were
identified in the damage survey. The list of markets in inundation - area

arc shown as below.
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MNumber of  Total i)ai]y

District ~ Name of Market Sub-area Shop  Sales' (1,000 kip)
Chantabury Thong Kham H 360 2,000
Chaniabufy Phong Tong K 30 150
Saysettiha ‘That Luang P 222 - 740
Sikhotabong Kok Pho M 60 " 200

~ Sikhotabong  Si Kay N 220 2,500

Sisatanak Sounc Mone B 60 360

Sisatanak Nong Chanh G 170 850

Source :  District office of Chantabury, Saysettha, Sikhbtabong and
Sisatanak.

The economic damage potential ‘of each market for the 10-year storm is

estimated on the basis of following function.

Dsm=8dxPxDR x CF.

Where Dsm : Total economic damage potential to sale of markel
S8d : Average daily sale of market in the inundation arca
P :  Average damage period
DR : Damage ratio
CE. : Conversion Factor

The sales loss in economic price of each market is estimated by adopting
27% of the damage ratio and 2 days of damage period of shops in Areall

and results are shown as follows.
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Name of Marker  Saiey © Damuge UMY Conversion i, Jo%
| (1,000 kip) (day) ACLOT (1,000 kip)
Thong  Kham 2,000 27% - 2 0.9 972
Phong Thong 150 27% 2 09 . 13
That Luang 740 27% 2 0.9 360
Kok Pho 200 27% 2 09 - 97
Sikay 2.500 27% 2 0.9 1,215
Soune - Mone 360 27% '2 0.9 175
‘Nong Chanh 850 27% 2 0.9 413
- 'Total 3,305

J.2.7 Wage Loss

The wages of workers are lost not only in the inundation pericd but in
the restoration period. The total wage loss in cconomic price due to 10-year

storm is estimated on the basis of following function.

Dw=WxPxNxDRxCF

Where : Dw : Total wage loss in economic price
W . Average daily wage per one household
P Average damage period
N : Number of houschold in inundation area
DR : Dam.ag'e ratio
CF. : Conversion Factor

The average daily wage per one household in the inundation “area,
‘average off-work period per one damaged household due to inundation are
estimated according to the damage survey. The proportion of number of
damaged household against total number of household in inundation area is
adopted as the damage ratio. The average economic value of damage per one
‘household in the inundation area is estimated by adopting 0.33 of the

conversion factor. The results are shown as follows.
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Average Daily  Off-work Damage  Conversion  Average Value

Area Wage(kip) Period  Ratio Factor  of Damage(kip)
Area 1 1,640 2 days 5.0% 0.33 54
Arca T 1,780 2 days 7.0% 0.33 82
Area III 1,980 3 days 8.5% 0.33 167

No. of damaged household/No. of ‘inundated
- household

* Conversion Factor= 033 = 0.9 of Standacd Conversmn Fauor x 0.37
- of shadow wage rate

*  Pamage Ratio

The economic damage potentials for the 10-year storm are estimated by
above average value of wage loss per one houschold and the number of

inundated population in sub-area and resulis are shown in Table J.14

J.2.8 Damage to Daily Life of Inhabitants

The daily life of inhabitants is affected by both inundation iiself and
indirect damage to economic activities such as shortage of food, luck of public
services and closing of schools and hospitals. From the damage survey, the

following damages are - identified.

- Stop of water supply
- Stop of electricity supply
- Stop of telephone secrvice

The damage to electricity supply is major problem of daily life of
inhabitants duc to the inundation and about 20% of households in the
inundation area were affccted by stop of electricity supply for ‘the - 10-year
storm. The cconomic damage potential of stop of electricity supply is estimated

according to following function
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Dp= CxRxPxHxDRxCF

thrc : Dg Damage potential of stop of clectricity
' C : Average daily charge of electricity
R Propagation ratio
p Period of stop of clectricity
H Households in inundation arca
- DR : Damage Ratio

"CF. : Conversion Factor

The average daily ‘charge and  the 'p'r()pagation ratio arc cstimated
-according to the damage survey as well as information from EDL. The ‘average
period of.slop of electricity per one damaged household is cstimated on the basis
of damage"su.r'v'ey. " The damage ratio is calculated to be share of: damaged
household in total number of houscholds in the inundation area. The - above

data are summarized as below :

Area Average Daily Propagation Period of Damage
Charge (kip) Ratio (%) Stop of supply Ratio (%)
Area 1 455 92 6 hour 10%
Area 1 : 57.6 94 : 11 hour 20%
‘Area I 59.0 99 12 hour 27%
Source EDL, Damage survey

The average value of damage potcnlial per one houschold in  the
inundation- area is estimated to be 1.1 kip in Area I, 5.0 kip in Arca II and 7.9 kip

in Arca I for the 10-year storm.

“According to the damage survey, stop of water supply and telephone
service occurred for less than 2% of houscholds in the inundation arca. The

“damage ‘potential of above two damage is a most ncgligible and is thus excluded.
The total economic damage potential to daily _lifc.{')f inhabiiants for the

‘ IO-year storm arc estimated by adopting 0.9 of conversion factor as shown in

- Table 1.15.
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J.2.9 Damage to Health Condition

From the damage survey, it is found that the poor sanitary condition due
to the inundation is the most serious problem for . the inhabitants. Dysentery
and diartheal are typical epidemic diseases duc mainly to the poor sanitation as

well as the inundation.

In 1987, the number of patients'of the dengue fervor amounted to
6,728 persons in Vientiane Maunicipality and 90% ~of  total . patient concentrated
in the urban area adcording to the information furnished by the Department of
Public Health, Vientiane Municipality.. This figur¢ ¢nunciate that almost 3% of
the inhabitant in the Study area suffer from the dengue fervor as well’ as
malaria that is the most dangerous epidemic disease and related clo's'e'iy' to
inundation, The damage potential to health condition is estimated to be as the

medical expenses and the income loss due to disease caused by the inundation.

The medical expense duc to 10-year storm is estimated in cconomic price

on the basis of following function.
Dme=Emx DRxNx CF.

Where Dme : Total medical expenses in CCOIIOIHIC pnce

Em : Average medical expcnses pcr one dam.agc'd
household

N :  Number of houschold in inundation area

DR : Damage ratio

CF. : Conversion Factor

The average medical expense of discases per one damaged household due
lo the 10-year storm is estimated only for medicines according to the damage

survey because the remaining medical expense is covered by the -government,

The actual medical expense is assumed to be 3 times “of that of medicine
cost according to the Dcparlmcm of Public Health, Vientiane Mumc:pahty In
this study, above assumpllon is adopted and the average medical expense per
onc damaged houschold is estimated on the basis of - the average expenditure for
medicine obtained from the damage survey.  The share of number of damaged



houscholds in total number of houscholds in inundation area are adopted as
damage - ratio.

The average economic cost of medical expenses per onc houschold in
inundatigri arca for ‘the 10-year storm are estimated by adopting 0.9 of
conversion factor as follows: '

Area. Average  Medical Damage Conversion Average cost

Expenses(kip) Ratio Facior (kip)
Afea I 18,200 3.0% 0.9 491
Area’ X1 16,136 7.7% 0.9 1,118
Area III 9,320 21.6% 0.9 1,812

The income. loss in economic price caused by bad health condition are

estimated on the basis of the following function.

Di=WxPxNxDRxCF

Where @ Di : Total wage loss in economic price
W : Average daily wage per one household
P : Average off-work period due 1o disease
N : Number of household in inundation area .
DR : Damage ratio
CF. . Conversion Factor

According to the Dcpartment of Public Health, Vientiane Municipality,
almost patients of typical cpidemic diseases caused by inundation, such as,
déngue. dysentery and diarrheal were children or infanis. The direct wage loss

are not ‘counted, so the wage loss of family member who nurse the patients are

estimated’ for the this study.

_The average périod of wage loss are assumed to be one week per one
damaged household according to interview to household and the share of
number “of 'damaged’ households in total number of houscholds' in inundation

arca are adopted ~as- damage ratio. The average cconomic value of damage



potential of wage loss due to nursing per one household in inundation area for

the 10-year storm is estimated as follow:

Average Wage  Off-work Damage Conversion Average Damage

Area (kip/day) Period Ratio Factor  Value (kip/HH)
Area 1 1,640 7 days 3.0% 0.33 114
Area I 1,780 7 days 7.7% 0.33 317
Area III 1,980 7 days 21.6% 0.33 088

The total cconomic damage potentials to health condition for the 10-year
storm are estimated according following average damage value per one

houschold in inundation ‘area and results are shown in Table I1.16

Avcfagc Damage
per Household(kip}

Area | 605
Arca II 1,435

Arca I 2,800

J.2.10 Damage to Crop

The damage to crop is evaluated by damage to paddy, vegctablc, soybeans
and other crop due to the inundation. The damage potential to crop is estimated
on the basis of the average unit yield in the rainy - season, the period of

inundation and the average inundation depth for the 10-ycar storm.

The major damaged crop is paddy to be counted more than 95% of the
damaged amouni of crop on the basis of the damage survey, In this study,_'thc
damage 1o other crops than paddy is assumed to be negligible damage and
damage to paddy is estimated as 'damage to crop in the Study area,

The damage to paddy is evaluated as the CCOHOIHIC produchon forcgonc

duc to the inundation by adopting the unit damaged productlon of paddy per ha



‘of the the inundation ‘arca and inundation area in the study area The unit

damage production is estimated aécording following assumptions.

(1) . The cconomic farm gate price of pad:dy is estimated on the basis of the
import parity price of rice calculated from “Price ‘Prospects . for Major
Primary’ Commoditics", World Bank. The estimation of the economic farm

gate price of paddy is summarized in Table J.17,

(2)  The unit yicld of paddy per ha is assumed to be 3 t/ha according to the
estimation of the - Department of  Agricultural Service  of Vientiane
Municipality. |

(3) The production cost of paddy per ha is assumed to be 35% of gross
‘production according 1o the the Department of Agricultural Service of

Vientiane Municipalily.

(4) On the basis of damage survey, 50% of the cultivated area  in the
' inundation area arc damaged and 15% of net production in the damaged
area is lost due to the 10-year storm. So the damage ratio against net
production of the inundation area is assumed to be 7.5% by multiplying
 15% and 50%.

Thus the unit ecconomic damage production per ha in the inundation

area is ecstimated as below:

Farm gate price : 128,357 Kip/t

Unit - yield 3 t/ha
Gross production ' 385,071 Kip/ha
Net production (65% of Gross production) 250,000 Kip/ha
Damage ratic per ha in inundation area 7.5%
-Damaged production per ha in inundation area 18,750 Kip/ha

The cultivated land is assumed to be 70% of total green area on the basis
of the present share of cultivated land in the green area in the Study area

according to the Department of Agricultural Service of Vientiane Municipality,
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The damage poicntial to crop in cconomic price is estimated as shown in

Table J.18.

12,11 Other Dainage

In above clauses, the tangible damage due 1o inundation are discussed in
monetary  terms. Howcver, there are - various intangible damage due to
inundation, such as, effects on cnvironment, amenity and comfortableness of
inhabitants. In addition, ten persons were injured and one person was killed
by inundation in 1988. In this study, the damage amount of other damage
which can not be quantified is assumed to be 10% of total damage to be

estimated in 1.2.1 10 }J.2.11.

J.2.12 Summary of Inundation Damage

The damage potentials of the 10-year storm in each area arc estimated on
the basis of the unit damage valuc and inundation volume discussed ‘in the

previous subsections.

The future damages arc estimated on the basis of land use projection and
the unit value of damage potential of cach item. The unit values of damage
potential in cach year are increased by adopting the growth rate ‘of GRDP in

the Study area as follows:

1989 - 2000 7.6%
2000 - 2010 8.1%
2010 - 2020 8.4%
Over all period ' 8.0%

The summary of damage potential for the 10- ycar storm al economic
pricc is shown in Table J.19 and 1.20.



1.3 Economic ~ Benefit
1.3.1 Annual Economic Benefit

The economic benefit of the prOJecl is consndered to be the damage
reduction through provision of the drainage improvement works. The damage

reduction is estimated as the’ difference in the possible damages in with and
without ‘the . project ‘cases.

The damage poténlials of each inundation by pr'obable storm are
cstimated on the basis of damage potentials for the 10-ycar storm. In this
estimation, the damage potential is assumed to be proportional 1o the inundated
arca. *A “hydrologic and hydraulic: study entailed the indices to - estimaic the

inundation area corresponding to the probable rainfall as follows;

“Probable ' Inundation

~Rainfall Arca Index

Frequency " (ha)
2 4.5 21
5 18 86
i0 21 - 100
20 24 114
50 28 133

The cxpected reduction of damage amount is evaluated by the average
annual damage amount reduced due to the projects.  Although the project is
dcsigﬁcd againét the 10-year storm, it is not expected that whole the damage duc
to the probable storm less than the 10-year storm is protecied.  Some damages
should be considered to remain.  This unprotected damage should be reduced
from ‘the: estimated' benefit. The unprotected indices were assuimed on the basis

.of the hydrojiogic and hydraulic studies as follows:



Probable Inundation Area (ha) Area of Reduction

Fl:;(;:g:léy Without Project With Project Reduction Rate
2 4.5 0 45 100%
5 | 18 | 5 13 2%
10 21 11 10 L 48%
20 24 . 15 9 38%
50 28 21 7 - 25%

In addition above, the reduction of inundation damage due ‘tb 'sma.ll-storm
Jess than 2-year slorm'is_to be considered. According to ‘the automatié gauge
records of the Study team in Vientiane, inundations due to the ‘small storm less
than 2-ycar storm were assumed to occur four times a year as discussed in
Appendix A.10.4.  Thus the average damage potential duc to these small storm
are estimated to be 5% of the damage duc to 10-year storm and added to benefit

calculation.

1.3.2 Economic Benefit for the Priority Projects

The economic benefits of following priority projects are estimated. on the

basis ‘of economic benefit in each covered sub-area,

Priority Project Sub-area
Hong-Ke System C.E.F.G H
Nam Pasak Systcm - L
Sub-arca I (Hong Kai Keo System) I
Sub-area K K

The economic benefits of the Pfiority Projects are assumed on the ‘basis

of following conditions.

(1) Each project is composed of both construction of main canal and
construction of lateral canal. The main canal is assumed to be

constructed from the first year of the master plan period. The lateral -



canal ‘is assumed to be constructed 1o cover the cstimated built-up areca by
‘the year of 2020. So the lateral canal is construcled annually following
the cxpansion of inundated built-up arca.  The construction of lateral
canal is completed in year of 2020. | |

(2) On the ‘basis of above construction schedule, the benefit is accrued from
the next year of complotion of the main canal and increased according to

progress of improvement of lateral canal up to year of 2020.

(3) The inundation area except built up area at prescmt is assumed to locate
below El 168 m ‘which is inundated ‘due to their topographical
conditions.  In this ﬁrea the complete reduction of inundation is not
expected even in with the project case. Thus 80% of the economic

bénefit in this arca is reduced from ‘benefit calculation.

(4)  The benefit after year of 2020 arc assumed to be increased by the growth
-rate of GRDP in. cach sub-area.

~ On -the basis of above mentioned conditions, the economic benefits by

each priority project arc estimatcd as follows:

Unit; US$ 103_

2000 2020 2030 2040

Hong-Ke | System 306 1,996 5177 13,429
Nam-Pasak - 21 410 1,063 2,758
Area 1 (Hong Kai Keo System) 42 310 556 9946

 Arca K 15 200 358 641

1.3.3 Economic Benefit for the Basic Plan

The annual ccohomic benefits by each project in the Basic Plan are

summarized in Table J.21. The procedures to be used in J.3.2. are adopted.



J.4 Economic Cost
J4a.1 Convcréion of Financial Cost 1o Economic Cost

For the economic cvaluation, all the costs involved in the project have fo
be measured as economic costs, i.c. the real resource IC()st_s_or."opportunity
costs” incurred from the view point of the nation's economy. The measurement
of economic cost of any commodity depends on how it is likely to be produced -
whether by increasing import, decreasing export, expanding domestic

production or divesting from other uses.

In this study, the financial cost presented in previous chapter is
converted 1o economic costs on the basis of above mentioned concept. -The

procedures of adjustment of financial costs to economic costs are as follows.

(1) Elimination of non-resource costs

The internal transfer among the natio_na_l economy, such as, tax and_
subsidy of the government are excluded from the financial cosis. In this

study, 5% of the foreign portion cost is eliminated as the import tax.

(2) Adjustment of price distortions

All the financial costs of the project are adjusted their . price distortion
due to forcign exchange premium, overvalued Iabour costs and land
acquisition cost of land in order to the real costs or "opportunity costs”. |
For this adjusiment, 0.9 of the ‘conversion factor is assumed for ‘iraded ..
goods. As for the land acquisition cost for cultivated land, the production
forcgone ' is e¢stimated as the ecomomic cost instead of adopting
conversion factor for land.  The real cost of labour is evaluatcd by

applying 0.37 of the shadow wage rate.

- The financial costs of the project are classified into three categories,
construction materials plus equipment, labour and land acquisition cost The

financial costs are converted by each cost items.

The detailed adjustment of financial cost to economic cost of . each cost-

items is summarized as follows.



(1) Roreign portion

All cost of the foreign portion are estimated at C.LF, price plus import
tax.  The ecconomic cost for the foreign portion is cstimated by
eliminating import tax from the financial cost.

(2)  Local "Po:rtion

- Tradable goods

The 'financial cost of tradable goods in the local portion is converted to
cconomic cost by adopting 0.9 of the conversion factor.

- Labour cost

“The' labour costare converted by adopting 0.37 of the shadow wage
rate and 0.9 of the conversion factor. The labour cost are assumed to
be 20% of the local portion, '

- Land acquisition cost

The present value of production foregone is estimated as economic cost
of the land acquisition cost for cultivated land. The economic costs of
the land acquisition cost for residential house and other facilities are
estimated by multiplying 0.9 of the conversion factor with the

financial land acquisition cost.

1.4.2 Summary of Economic Cost

The economic cost consists of the construclion cost of main canal,
‘construction cost of lateral canal and annuval operation and maintenance cost

for the project.

(1)  Construction cost of main canal

The financial and economic costs of construction of the main canal by

the priority project are summarized in Table 1.22 to J.25,

The conversion method of the economic cost above mentioned are

ap’iiliéd to cost categories such as direct cost, land acquisition,



(2)

(3)

"governmen! administration and engincering scrvice. - The cconomic cost

of the excavation cost of thc Nong Chanh retarding basin and the Nam
Pasak shortcut canal are assumed to be 50% and 70% of their financial

cost respectively, because the excavation materials should be used for

the embankment materials.

The operation and mainienance equipment cost is deducted from the
economic construction cost and the annual depreciation costs of these

equipment are added to: the annual operation and maintenance cost.

Construction cost of lateral canal

The lateral canal  are constructed in the inundated -buili-uparea
following the expansion of the buill-up arca and completed in year of
2020.  According to the land usc projection, the built-up area in the

inundated area increases by year to year as. shown in-Table J.26.

The unit dircct cost of lateral canal is estimated to be US$24,000 per ha
and 30% of the direct cost is added as the indirect cost. ~Thus the
construction cost is estimated by adopting above unit cost as shown in
Table J.26. '

Operation and maintenance cost

The operation and the maintenance cost in economic term are assumcd to
be 1% of total economic construction cost of both the main canal and the

lateral canal,



1.5 Econ'omic E'valuation
J.5.1 Introduction

The cconomic viability of the project is analyzed from the point of view
of the national socioneconomy as a whole.  The cconomic™ evalnation is carried

out according to the foilowmg approach In this study, the EIRR is adopted as
‘the evaluation index '

(1)  Priority study

The cvaluations of the priority projects are carried out and the
implementation - priority of the priority projects is decided on the basis of
evaluation results,  The each priority pI‘O_]BCI is assessed by assummg
‘that the project would be starfed in 1991.

(2) EQaluation of the Basic Plan

The economic justification of the Basic Plan is evaluated on the basis of
the ‘overall implementation schedule. The cvaluation period is assumed
to be 50 years from the year of 1991, the first year of the Basic Plan and

- the 'salvaged value al the end. of the cvaluation periods is counted in 2040.

1.5.2 Major assumption

The economic evaluation is. made on the basis of the following

assumptions:

(1) The economic life of the project is taken at 50 years from the

commencement of the construction.
(2) The base. period for the cost cstimate is set in October, 1989.
(3) The exchange rate of US$ 1 = Kip 590 = Yen 141 is applied.

- (4) -fn e'stimating capilal cost for construction, the physical contingency

allowance is estimated to be 10% of the direct cost.

R H



(5) In this smdy, the opportunity cost of capital is assumed to be 10% on the
basis of the interest rate of long-term lending of the ceniral bank,

J.5.3 Economic Internal Rate of Return

The economic internal rate of return (EIRR) ‘of the projects is ecstimated
on the basis of cconomic cost and bencfit cashflow as shown in Table J.27 1o

J.31. The results are summarized as follows:

(1) - Priority Project {(Commenced in 1991)

Hong-Ke. 71.3%
Nam Pasak 4.2%
Hong Kai Keo (Area 1) 3.5%
Arca K 3.5%

{2) Overall Master Plan

Overall Master Plan 5.8%

Priority Project 6.3%
{(Hong -Ke System, Nam. Pasak,
Hong Kai Keo (Sub-areal)

Sub-arca K)
Sub-area D, J, M, O and P 4.8%
Sub-area A and B 5.5%
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Table J.1 | Inundation Area in 1988 and 2020

Year: 1989 " Unit: ha
Sub-area  Central Residential  Public & Industrial  Water. Green Other Total
: ] Commircial
A 0.0 74.7 87.3 162.0
B 49.8 211.3 _ 261.1
C 11.3 11.3
D 23.5 . . 803 103.8
B 181 4.7 5.0 33.8 61.6
F %0 3.8 12.8
G 13.3 13.3
H 42.7 1.9 : 44.6
I 7.1 : ' 133.3 140.4
J 58.1 10.0 60.0 128.1
K 20.4 2.7 7.6 © 73,8 104.5
L 28.5 ‘ 28.5
M 52.0 255.1 307.1
N 92.2 - 1628 ' 855.0
0 0.0 0.0
P 10.1 : 43.8 53.9
Q 0.0 0.0
Total 0.0 . 4200 137 - 21 97.3 1,745.3 0.0 2,288.0
Year: 2020
Sub-area  Central Residential Public & Industrial Water Green Other Total
Commercial
A _ 35.1 126.9 162.0
B 97.8 163.3 261.1
C 11.3 11.3
D 85.1 5.1 - 13.5 103.7
E 28.1 9.8 3.4 20.3 61.6
F _ 12.8 12,8
G 13.6 13.6
H 17.6 25.1 1.9 44.6
I 494 38.9 : 52.0 1403
J 78.8 20.0 1.8 27.5 128.1
K £9.7 7.1 7.6 104.4
L 28.5 28.5
M 7.6 . 235.5 307.1
N 112.2 703.5 39.3 855.0
o - 0.0
P 51.4 2.5 53.9
Q 0.¢
Total 597 713.3 78.2 7.1 47.9 __1,342.5 39.3 _ 2,288.0
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Table J.17 Import Parity Price of Rice in 1989

(Unit:  forecasted price in 1988 constant term)

‘Description e Currency Value/ton
1. F.O.B. Banbkok (Thai 5% broken) Us$ 297
2. Freight and Insurance Uss +35
(Bangkok - Thanaleng)
3. Value C.LF. Thanaleng _ Uss 332
(exchange rate: US$ 1 = Kip 590) Kip 195,880
4. ‘Port 'Handling Charge and .Bagging Kip +800
5. Transportation Cost from Thanaleng Kip +700
to Vientiane
6.  Price of Milled Rice at Rice Mill Kip 197,380
7. Conversion from Rice to Paddy in the Kip 128,297
Husk (rccovery rage: 65%)
8. Milling Charge Kip -1,250
5. Value of Bran ' Kip +1,430
10. Handling and Transportation Cost Kip -120

from Farm Gate to Rice Mill

11.  Economic Farm Gate Price of Paddy Kip 128,357

Sources: 1. Price Prospects for Major Primary Commoditics, 1988 - 2000
2. Unit prices or costs are obtained from MAF.
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Table J.18

Damage to Agricolture in 1989

“Unit Value of Green Total Damage
Damage Arca Potential
(1,000 Kip) (ha) (1,000 _Kip)
A 13.1 -87.3 1,144
B 13.1 211.3 2,768
C 13.1 0.0 -0
D 13.1 80.3 1,052
E 13.1 33.8 443
F 13.1 3.8 . 50
G 13.1 0.0 0
H 13.1 0.0 0
I 13.1 133.3 1,746
J 13.1 60.0 786 .
K 13.1 73.8 967
L 13.1 0.0 0
M 13.1 - 255.1 3.342
N 13.1 762.8 79,993
O 13.1 0.0 0
P 13.1 43.8 574
Q 13.1 0.0 0
Total 1745.3 22.863
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Table J.21 Expected Bencfit by Sub-arca

US$1,000
Sub-arca 2020 2030 2040
Hong Ke System C.E,F,G.H 1,996 5,117 13,429
Nam Pasak System L 410 1,063 2,758
Sub Area 1 H 3i0 556 996
Sub Area X K 200 358 641
‘Sub Area M M 532 1,806 6,133
Sub Area T ) 508 907 1,625
Sub Area D D 330 T2 1.539
Sub Arca P P 167 299 536
Sub Area A A is 25 46
B

Sub Arca B 334 598 1,071
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Table }.26 Economic Cost of Lateral Canal

Unit:  US$103

1992 - 2000 | 2000 - 2020
Hong Kc*!
Target arga (ha) 101 9
Annual financial cost 180 23
Annual - economic cost 157 20
Nam Pasak
Target arca (ha) 29
Annual financial cost 111
Annual economic cost 97 ' 0
Sub-area 1
Target arca (ha) 7 81_ _
Annual! financial cost 27 127
Annual economic cost ' 24 111
Sun-area K
Target area (ha) 33 ' 74
Annual - financial cost 90 115
Annual economic cost 78 110

In 1991, the following cost is disbursed for construction of 3 km of the
model lateral canal’ in Hong Ke area. :

Financial cost - US$1,174 x 103
Economic cost US$1,025 x 103

After 1993, the construction cost of remaining area arc disbursed as
shown in above table.
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Table J.27  Economic Cost and Benefit Stream of Hong Ke System

EIRR =

1.3%

Construction Cost

Upit US$1,000

Main. Canal -

Lateral Canal

Total O & Mcost Benefit Net Benefit

jilo} LG EC. LG .
1 1991 496 28 0 0 724 =724
201992 2,781 20 591 434 5,526 -3,526
3 1993 2,825 1,558 90 66 4,587 -4,587
- 41994 90 66 156 112 97 -171
5 1995 90 66 156 114 121 -149
6 1996 90 66 i56 116 148 ~124
7 - 1997 90 66 156 118 180 94
8§ 1998 90 66 156 120 216 -60
9 1999 90 66 156 121 258 -19
102000 11 8 19 122 306 165
112001 11 8 19 122 336 195
12 2002 11 8 19 S 122 3169 228
13 2003 11 8 19 122 405 264
14 2004 11 8 19 o122 445 - 304
15 2005 11 8 19 123 489 347
16 2006 11 8 19 123 537 395
17 2007 11 8 19 123 560 448
18 2008 11 8 19 123 648 506
19 2009 11 8 19 124 711 568
20 2010 i1 8 19 124 781 638
21 2011 11 8 19 124 858 715
22 2012 11 38 19 124 943 <800
23 2013 11 8 19 124 1,035 892
24 2014 11 8 19 125 1,137, 993
25 2015 11 8 19 125 1,249 1,105
26 2016 11 g 19 125 1,372 1,228
27 2017 11 g 19 125 1,507 1,363
28 2018 11 8 19 126 1,655 1,510
29 2019 11 8 19 126 1,817 1,672
30 12020 0 ) 0 126 1,996 1,870
31 2021 0 0 0 126 2,196 2,070
32 2022 0 0 0 126 2,415 2,289
33 2023 0 "0 0 126 2,657 2,531
34 2024 ] 0 0 126 2,922 2,796
35 2025 0 0 .0 126 - 3,215 3,089
36 2026 0 0 0 126 3,536 3,410
37 2027 0 0 0 126 3,890 3,764
38 2028 0 0 0 126 4,279 4,153
39 2029 0 0 0 126 4,707 4,581
40 2030 0 0 -0 126 5,177 5,051
41 2031 0 0 0 126 5,695 5,569
42 2032 0 0 0 126 6,265 6,139
43 2033 0 0 ] 126 6,891 6,765
44 2034 0 0 0 126 7,580 7.454
45 2035 0 0 0 126 8,338 8,212
46 2036 0 0 0 126 9,172 9,046
47 2037 . 0 0 0 126 10,089 . 9,963
48 -2038: 0 0 0 126 11,098 10,972
49 2039 0 0 0 126 12,208 12,082
50 2040 0 0 0 126 ]3.4_29 13,303
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Table J.28 Economic Cost and Benefit Stream of Nam Pasak System

Unit US$1,000 EIRR = 4.2%
Construction Cost L o
Main Canal Lateral Canal Total O&M  Benefit MNet
EC. L.C. EC. LC Cost Benefit
1 1991 192 141 0 0 333 -333
2 1992 1,078 1,067 56 41 2,242 -2,242
3 1993 1,095 966 56 41 2,158 -2,158
4 1994 56 41 97 48 3 142
51995 56. 41 97 49 5 -141
6 1996 56 41 97 50 8 -139°
7 1997 56 41 97 51 11 -137
8 1998 56 41 97 52 15 -134
9 1999 56 41 - 97 53 20 -130
102000 0 0 0 53 27 -26
112001 0 0 0 53 34 -19
12 2002 0 0 0 53 39 -14
132003 0 0 0 53 44 9
14 2004 0 0 0 53 50 -3
15 2005 0 0 0 53 57 4
16 2006 0 0 0 513 65 12
17 2007 ) 0 0 53 74 21
18 2008 0 0 0 53 85 32
192009 0o 0 0 53 97 44
202010 0 0 0 53 110 57
212011 0 0 0 53 126 73
222012 0 0 0 53 143 90
232013 0 0 0 53 164 111
242014 0 0 0 53 186 133
252015 0 0 0 53 213 160
26 2016 0 0 0 53 242 189
272017 0 0 0 53 277 224
28 2018 0 0 0 53 318§ 262
292019 0 0 0 53 360 307
30.2020 0 0 0 53 410 357
312021 0 0 0 53 451 398
322022 0 0 0 53 496 443
332023 0 0 0 S3 546 493
34 2024 0 0 0 53 601 548
35 2025 0 0 0 53 661 608
36 2026 0 0 0 53 727 674
37 2027 0 0 0 53 800 747
318 2028 0 0 .0 53 880 827
39 2029 0 0 0 53 968 Gis
402030 0 0 0 53 1,065 1,012
41 2031 0 0 0 53 1,172 1,119
42 2032 0 0 0 53 1,289 1,236
43 2033 C 0 0 0 53 1,418 1,365
44 2034 0 0 0 53 1,560 1,507
45 2035 0 0 0 53 1,716 1,663
462036 0 0 0 53 1,888 1,835
47 2037 0. 0 0 53 2,077 2,024
48 2038 0 0 0 53 2,285 2,232 -
49 2039 0 0 0 53 2,514 2,461
502040 0 0 0 53 2,765 2,712
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Table J.29  Economic Cost and Benefit Stream of Sub-arca I (Hong Kai Keo )

e . Unit US$1,000 EIRR= 3.5%

Construction Cost :

Main Canal Lateral Canal Total O&M  Benefit Net
EC. LC EC, LC, Cost ' Benefit
1 1991 99 67 0 0 166 166
2 1992 1,114 971 14 10 2,109 -2,109
31993 0 0 14 10 24 24 3 -45
4 1994 14 10 24 24 6 -42
5 1995 14 10 24 24 9 -39
6 1996 14 10 24 24 14 -34
7 1997 14 10 24 25 19 -30
81998 14 10 24 25 26 -23
9 1999 14 10 24 25 313 -16
10 2000 64 47 111 26 42 -95
112001 64 47 111 28 46 -93
122002 64 47 111 29 51 -89
132003 64 47 111 30 57 -84
142004 64 47 111 32 63 -80
152005 64 47 111 33 69 -15
16 2006 64 47 111 34 77 -68
17 2007 64 47 111 35 85 -61
18 2008 64 47 111 37 94 -54
192009 64 47 111 38 103 -46
202010 64 47 111 39 114 -36
212011 64 47 111 40 126 .25
222012 64 47 111 472 140 -13
232013 64 47 11t 43 154 0
242014 . 64 47 111 44 170 15
252015 64 47 111 45 188 32
262016 64 47 111 47 208 50
27 2017 64 47 111 48 230 71
28 2018 64 47 111 49 254 . 94
292019 64 47 111 51 281 119
302020 0 0 0 51 310 259
312021 0 0 0 51 329 278
322022 0 0 0 51 349 298
332023 0 0 0 51 370 319
342024 0 0 0 51 392 341
352025 0 0 0 51 415 364
36 2026 0 0 0 51 440 389
372027 0 0 0 51 467 416
382028 . 0 0 0 51 495 444
392029 0. 0 0 51 524 473
402030 0 0 0 51 556 505
412031 0 0 0 51 589 538
4722032 0 0 0 51 625 574
432033 0 0 t 51 662 - 611
442034 0 0 0 51 702 651
452035 0 0 0 5t 744 693
46 2036 0 0 0 51 789 738
47 2037 0 0 0 51 836 785
482038 0 0 ¢ 51 B86 835
492039 0 0 0 5.1 939 888
50 2040 0 0 0 51 996 945
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Table J.30 Economic Cost and Benefit Stream of Sub-arca K' . .
Unit US$1,000 EIRR = 3.5%
Construction Cost n :
Main Canal Lateral Canal Total C&M Benefit  Net
. . FC, LC. -FC. . LC. Cost Benefit
1 1991 26 14 0 0 40 -40
21992 296 196 45 33 570 -570
31993 0 0 45 33 78 7 1 -85
4 1994 45 33 78 8 2 -84
"5 1995 45 33 78 9 3 -84
6 1996 45 33 78 1.0 5 -83
7 1997 45 33 78 11 7 -82
8 1998 45 33 78 12 10 -80
9 1999 45 33 78 12 13 -78
102000 58 43 100 14 13 -101
112001 58 43 100 15 15 =100
122002 58 43 100 16 17 -99
132003 58 43 100 17 20 -98
14 2004 58 43 100 18 23 <96
152005 58 43 100 19 26 -94
16 2006 58 43 100 21 30 -91
17 2007 58 43 100 22 34 -88
18 2008 58 43 100 23 39 -84
19 2009 58 43 100 24 45 -79
202010 58 43 100 25 52 -74
212011 58 43 100 26 59 -68
222012 58 43 100 27 68 -60
232013 58 43 100 29 77 -52
242014 58 43 100 30 89 -42
25 2015 58 43 100 31 102 -30
26 2016 58 43 100 32 116 -16
272017 58 43 100 33 133 0
282018 58 43 100 34 153 18
292019 58 43 100 36 175 39
302020 0 0 0 36 200 164
312021 0 0 0 36 212 176
322022 0 0 0 36 225 189
332023 0 0 0 36 238 . 203
342024 0 0 0 36 253 217
352025 0 0 0 36 268 232
362026 0 0 0 36 284 248
37 2027 0 0 0 36 301 265
38 2028 0 0 0 36 319 283
392029 0 0 0 36 338 302
402030 0 0 0 36 358 323
41 2031 0 0 0 36 380 344
422032 0 0 0 36 402 367
432033 0 0 0 36 427 391
442034 0 0 0 36 452 417
452035 0 0 0 36 479 - : 444
46 2036 0 0 0 36 508 4773
472037 0 0 0 36 539 503
48 2038 0 0 "0 36 571 535
492039 0 0 0 36 608§ 570
50 2040 0 0 0 36 641 606
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K.1 Introduction

The reinforcement of the institution and organization related 1o
- construction, - operation and maintenance work - of the 'drainage system is
important to ensurc the success of the proposed projects. In this study, the
analysis “on" the institution and organization related to the drainage system arc
conducted according to the following procedures.

- Examinations of the present situations
- Iden_tificaiion of the ‘existing constrainis

- -Recommendation on the reinforcements

~The ' data and informations about the institution and organization were
obtained ~ from the. - interview: survey with the concerned personnels of the
related organizations. The obtained data were compiled and analyzed under

four categories classified as follows:

- Organization

Personnel ,equipment and budget

Institution and regulation

Monitoring and data management

K.2 Present  Conditions

In -this section, the present condition of the institution and organization
of the responsible agency for the drainage work in the Study area is examined
according - ta ‘above 4 aspects, that is, organizalion, personnel, equipment and

budget, institution and regulation and monitoring and data management.

K.2,1 Existing Related Organization

The existing related orgaflizalions of the drainage work in the Study
arca are identificd through the interview with- the concerned organizations.
‘The results are presented in the following sections -and the competent

o'rga'ni‘zat'io'ns according to work items arc shown ‘in Table K.I.



K.2.1.1 Drainage Work

The responsible organization for the drainage work in the Study area is
the ‘Department of Communication, Transportation and Construction of the
Municipality of Vientianc. The Municipality of Vientiane is composed of 18
departments and 8 districts as of 1989 and the Deparilﬁcnt ‘of -Communication,
Transportation and Construction is responsible for mainly the conétructio'n,
maintenance, operation and managcmcnf of the road, bridge, t’ransportzﬂic’m'
system, drainage, waste . disposal and sanitation” in the Vientiane - Municipality
area. The organizational chart of the Municipality of Vientianc is shown in

Fig. K.1.

The Department of Communication, Transportation -and Construction of
the Municipality of Vientiane ‘is engaged in. -planning, study, construction,
operation, maintenance and repair of the - drainage facilities -including
dfainagc canal and gatc. The Department of -Communication, - Transporiation
and Construction of the Municipality. of - Vientiane is composed of 7 bureaus,
12 statec enterprises/companies, 2 workshops, 2 factories and 1 technical
school as shown in Fig. K.2. The sections of the Department of Comm_uriicatibn,
Transportation and Construction, that is, Bureau of Bridge and Road, Staic
Enterprise of Survey and Design and State Enterprise of Bridge and :Road carfy
out the drainage works. The present demarcation of the main work items of

each section is summarized as  follows:

(1) Bureau of Bridge and Road

- Drainage canal : Planning and finance

- Drainage gate : Planning, survey and finance

(2)  State Enterprise of Survey and Design

- Drainage canal : Survey, construction, operation and maintenance

- Drainage gate : Construction, operation and maintenance

(3) - State Enterprise of Bridge and Road

- Drainage canal: Construction

- Drainage gate: Construction



The district  offices in  the Study area, that is, Shikhottabong,
Chanthabouly, Xaisscttha- and Sisattanak are the rclated organizations of the

drainage work. The Department of Communication, Transportation and

Construction of the 4 districts concern with the maintenance of the drainage

_system in the district area by -cooperating with the Municipality of Vientiane,

The district office moenitors the drainage conditions in the district arca and

informs the situations and problems to Municipality of  Vientiane.

K.2.1.2 Relaicd Work

The organizations to be¢ responsible for the related works of the

drainage system arc also studied and the results are summarized as follows:

(1)

(2)

(3)

(4)

(5)

Road and Bridge

- Bureau of Bridge and Road, Municipality of Vientiane

- State ‘Enterprise- of Survey and Design, Municipality of Viemiane

- State Enterprisc- of Bridge and Road, Municipality of Vientiane

- State Eﬁ[crprise of Rural Road and Bridge,Municipality of Vientianc

Dike of Mckong River

- Ministry of Agricultural Service

Irrigation facilities (canal, pump, gate)

- Department of Agriculture, Forest, frrigation and
Cooperative, Muhicipality' of Vientianc '
- Ministry of Agricultural Service

Data management “of rainfall gage

- Ministry of Agricultural Service.

Waste disposal

- ‘Burcau of Environment Protection

- Sanitation Stale Conipany

Agricultural



(6) Sanitation

- Sanitation State Company

K.2.2 Personnel, Equipment and Budget

The number of stuff of the Dcpartmem of Communication,
Transportatlon and Construction of Municipality of Vientiane is presented in
Table K.2. The number of the stuff of the Burcau of Bridge and Road is 3
persons and that of the Statc Enterprise of Survey and Design is 75 persons.

The major equipments to be uscd for the drainage work at present are
the excavation cqu:pmeul and truck and the list of the available equipment
owned by the Department of Communication, Transportailon and Construcuon'

the Municipality of Vientiane is shown in Table K.3.

The budget of the Department of Communication, ’I‘ranSpbrlalion and
Construction of the Municipality of Vientianc waé amounted to be 200 million
kips in year of 1989 and 210 million kips in year of 1990. In 1989, 98.4 million
kips. was disbursed for the improvement of drainage systém including

following work items:

(1) 8 million kips for repair of drainage canals including to change the
corrugale pipes, to repair the defects of lateral canals and change the

cover of lateral canal

(2) 10 million kips for the newly construction of lateral canal, box culvert

and walk way

(3) 5 million kips for the maintenance of drainage canal including the
remove of garbage and dredging of deposits in Hong Tong (about 800 m
from Hong Si Noi Road to Moming Market) '

(4) 73 million kip for special project for the construction -of lateral canal

from Wat Tay Airport to Nam Pasak along Luang Prabang Road

The budget for the construction of lateral camal from  Wat Tay Airport 1o

Nam Pasak along the Luang Prabang Road was the development budget and



remaining budget was the current budget, The current budget for the
drainage project has-been amounted to be 25 million kip to 30 million per ycar'
in the past. Table K4 shows the annual budget of the Department of
Communication, Transportation and Construction during year of 1978 to 1990
and the breakdown of the budget in 1989 is shown in Table K.5.

K.2.3 Institution and Regulation

The legulauons related  to the drainage work have been prepared to
maintain the drainage canal. ‘There is the regulauon 10 pl’OhlbII “the dumping
of the waste and garbage into the dramagc canals, however it is not so
effective because of the poor waste disposal system in the Study area. The
regulatlon.to p_rohlblt lhe construction of the houses and other structures on
the inspection yard or slope of the drainage canal had not been effective. As
for the water quality control there is no regulation to control the water

quality of the wasle water of the residentials as well as the factories.

“According to the Depariment of Communication, Transporiation and
Construction, Municipality of Vientiane about 30% of total lateral canal in the
 Study area was cleaned in their ditches by volunteers of the inhabitants per
one year. However, these utilization of the volunteers in the maintenance

work of the drainagc. canal is insufficient due to luck of the propagation.

K.2.4 Monitoring and Data Management

"The delai}' historical  daia on hydrology, meteorology, topography, flood,
inundation and socio-economy in the Study arca have not been collected and
cofnbiled by thei'Depanmem of Commhniﬁ:ation, Transportation and
Construction, Municipality of Vientiane. Part of the data are available by
collecting " from various organizations. For example, the records of the rainfall
gage at the main canals to be the basic data for the monitoring the condition of
the canals are collcctcd by the Ministry of Agrlculture and Forest while there
is no systematic access to that data in the Department of Communication,
Transportalxon and Comtrucuon Municipality of Vientiance. The data

collection covering all over the drainage system both inside and outside of the

Study area are n:ol conducted.



K.3 Identification of the Existing Constraints

The present conditions of the institution and organization for the
drainage work are discussed in the above section and the existing institutional
and organizational constraints of the drainage work arec examined.  According

to the existing conditions, the following consiraints arc identificd.

K.3.1 Luck of Budget, Stuff and Equipment

The luck of budget is identificd as the major constraint to carry out
smooth implementation of the drainage work on the basis of the propbsed
plan. The luck of the stuff to be engaged in the draiﬁagc work in quantity as
well as in quality are also the scrious probléms. Besides, the equipments
available for the drainage work are not enough for impleméntation of the

proposed improvement work.

K.3.2 Luck of the Inter-organizational Coordination

Therc are various organization relatcd (o the drainage work. However,
the - communication between these organization is not .enough so that some
troubles due to the luck of communication occar. The gatec at the outiet of
Hong Ke canal 0 That Luang Marsh is usually operated by 'lhé farmers under
the control ‘of the ~Department of Agriculiure, Forest, Irrigation and
Agricultural Cooperative, Municipality of Vientiane.  However, there are some
inadequate operations for the drainage side, because the farmer is apt to close
the gatc to keep high water level at the outlet of Hong Ke for their fishing in
the rainy season. This problem is caused by the luck of the coordination
between lhé Department of  Agriculture, Forest, 'Irrigaiion “and. Agricultural
Cooperative and the Department of Communication, Transportation and

Construction,

K3.3 Luck of Waste Disposal and Sanitary Improvement Work

The waste disposal and sanitary improvement’ ‘work in the Study arca are
important aspects for the smooth implementation of “the drainage
improvement work. The dumping of waste to di‘aiﬁagc canal is sérious

problem from the point of view of environment as well as the operation and

K-6



maintenance of the canal.  The removal of the waste in the drainage cana! has
required the huge budget in every year while the dumped wastc have effected
_ncgativciy_on the water quality and amecnity. The main cause of these illegal

‘dumping of the waste is the poor waste disposal sysiem in the Vientiane.

At “presént  the sanitation system in the Study area depends on the
traditional sanitary facilities and. there arc no regulation of water quality of
waste water from the factories. So the disposal water from the residential
houses as well as the factorics are not treatcd al presemt "and the negative

impacts on the water quality are identified.

K.3.4 Insufficient Utilization of Non-structural Measure

The non-structural measures to implement the drainage work are not
utilized -sufficiently at piesent. The arrangement of institution and regulation
related 1o the drainage work is not sufficient and the cxisting regulations are
riot effective. The enlightenment of (he inhabitants to inform the importance
of the drainage work in order to improve their environmental conditions s
not carried oul. The luck of the propagation of the drainage work causes the
insufficient utilization of the volunteers in the wmaintenance work of the

drainage -canal.

K3.5 Poor Data Managenicnt Syslem

The poor data managemen'l system causes to the poor maintenance work
by providing inadequate informations: The required data for the preparation
of the survey and design of the drainage system are not available due to the
luck of the basic data, such as, hydrologic, meteorologic, topographic and
‘other cngineering data.  Besides, the socio-economic data, such as , land use,
pop_ulation, 'produc.tion and property to be required for preparation of long-

“term planning * are -not . available.



K.4

Recommendation

The following reinforcements of institution and organization arc

rccommended on the basis of above analysis.

(1)

(2)

(3)

(4)

Reinforcement  of - the  Responsible -Organization

The required budget, stuff and cquipment accdrding to the proposed
long-term basic plan should be prepared for the reinforcement of the
Department  of Communication, Transportation and Construction,
Municipality of Vientiane.  The required stuff for the operation and
maintenance of the basic plan is shown in Table K.6 and rcquircd
budget and equipment for the overall implementation of lfle Basic Plan

are discussed in Appendix H.

Establishment of the Inter-organization Coordination

The inter-organization coordination among the related organizations
for the drainage work should be established to clarify the demarcation
of the responsibility of each organization in overall drainage work and

to strengthen the relation among the nrgahizations.

Improvement of the Waste Disposal and Sanitation Systcm

The improvement of the wastc disposal and sanitation system should be
carried out accompanied with the drainage improvement work in ‘order

to ensure -of sufficient effects of the proposed drainage work.

Utilization of Non-structural Measure

The non-structural measures to implement the drainage work should be
utilized  including of the arrangement of institution -and ‘regulation
related to the drainage work, the enlightenment of - the ‘inhabitants to
inform ‘the importance of the drainage work and the attendance of
inhabitants as the volunteers in the maintenance work of ‘the drainage

canal.



(5)

Establishment of Data Management System and Monitoring System

The data management system and monitoring system on various aspects

including water quality, other environment conditions, hydrology,

mclcort)l'ogy, topography, socio-economy to be required for the

planning, study, implementation, operation and maintenance of the

drainage sysiem.
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Table K.2 Number of Swif by Burcau and State Company

List of Bureau and State Company Stuff Remarks
1 Burcau of Planning, Statistic and Finance 7
2 Burcau of Administration and Establishment _1‘3'
3 Bureau of Bridge and Road 3
4 ‘Burcau of Housing and Urban 5
5 Bureauw of Transportation 4
6 Burcau of Environmental Protection 8
7 Burcau of Cetion Equipment 24
8 Technical School : 15 51 students
9 State Enterprise of Bridge and Road n.a
10  State Enterprise of Rural Road and Bridge n.a.
11  State Enterprise of Design and Survey 71
12 . State Company of Transport n.a.
13 State Bus Company 91
14  Lao Shipper Company . _ n.a,
15 Siate Enterprise of Vientiane Construction 117
16 Decoration and Construction State Company n.a
17  International Construction Stafic Company n.a
18 State Enterprise of Design Municipality Housing n.a.
19  Sanitation State Company 56
20  Workshop of Light Equipment n.a
21  Workshop of Heavy Equipment n.a.
22 Factory of Brick and Tile 125
23 Factory of Mable n.a.
24  Draw and Decoration State Company 9.
Source : Department of Communication, Transportation and Construction

n.a. :

Municipality of Vientiane
not available
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Table K.3 List of Equipment for Drainage Work

. Ist Service Wear
Designation Number Manufacturer HP. Year %
Heavy Equipment
1 Bulldozer i SSSR 160 1986 30
2 Motor Crader I~ S8SR 1986 35
3 Whell Loader 1 SSSR, Maz 1987 10
4 Whell Loader i Kawasaki 80 1982 55
5 Hydrolic Excavator 1 SSSR 1987 10
6 Makadam Roller i Sakai 75 1982 55
Transport  Vehicles
7 Dump Truck 2 Zil, SSSR 90 1986 45
8 Dump Truck 3 ZiI, SSSR 90 1985 50
9 Dump Truck -1 Zil, 8SSR 90 1985 55
10  Dump Truck 2 Maz, SSSR 125 1987 10
11 Water. Tanker 1 Zil, S8SR i988 .45
12 Cargo Truck 2 KAZ 52 1980 55
13 Maintenance Truck 1 - 1982 50
14  Pick Up 1 Toyala 1987 10
Miscellaneous
i5 Truck Cranc 1 Maz, SSSR 15 1987 10
Source :  Department of Communication, Transportation and Construction -

Municipality of Vientiane
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Table K.4 Annual Budget, 1978 - 1990

Unit : Kip

Year g Budget Execution

1978 _ 2,100,000
1979 1,600,000
1980 _ 5,000,000
1981 4,000,000
1982 13,000,000
1983 24,000,000
1984 35,500,000
1985 ' ' - 70,000,000
1986 : 110,000,000
1987 140,000,000
1988 160,000,000
1989 ' 200,000,000

1990 210,000,000

Source: Department of Communication, Transportation
and Construction, Municipality of Vientiane
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‘Table K.5 Distribution of Budget in 1989

‘Description_of Projects ' | Budget (kip)
1. Consi’m’ction of canal along Louang Prabang Road 73,000,000
2 Bitumen Access Roads | 28,000,000
3 ~ Expenditure for debt of the year of 1988 32,000,000
4 . Bitumen Roads shouldersonly left side : S 4,000,000

(That Khao - Chinaimo)

5 Excavation Routc Khokhe .» Phayé Lat 5,000,000
Kaglieo - Nam tone . - 1,000,000

6 Recon_slruction.and repair road bitumed : .
Ho Kham -km 6 2,000,000
Roads'in municipality 2,000,000
7 chafr access road into Nam Kieng - Naxab 3,.000,000
8 Bank protection, 100m : 4,000,000
9 Improvement of the drainage sysiem 25,400,000
10 Hydrographic and hy.drologic survey _ 5,660,000
11 Cominuc work shop's construction of heavy equipments 5,000,000
12 Construction of mable factory _ 10,000,000
Total amount of budget_in 1989 200,000,000

~Source : Department of - Communication, Transportation and Conétruction

Municipality of Vientiane
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Table K.6 chuird Staff and Labour of Operation and Maintenance

‘(Yearly basis)

Description Unit Q'ty
Director M/M 12
. Chief M/M 30
Engineer/Officer M/M 70
Technician M/M 30
Administrative Staff M/M 60
Driver (Office) M/M 40
Foreman M/day 310
Mechanic M/day 310
Carpenter M/day 310
Operator M/day 270
Driver M/day 270
Rigger M/day 310
Skilled Labor M/day 520
Common Labor M/day 1,650
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