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2.5.2

(1)

(2)

(3)

In general, the surface layer is clay loam ‘with a depth of 1meter. The

second layer is gravel clay loam with 2 to 7 meters, The third _Iayer'is

sandy gravel with sill.

The average unit weight is 2.0 .to 2..1 g/cm?.

The average void rati.o.is 61.to 69%.

The average angle of internal friction is 24 degree.

Studies
Percolation volume and permecability.

A well was selected in the temple located in Ban Kong to. test  the
percolation volume. The test yiclded the result that, the percolated water
volume "is 1.546 m3. The unit permeatién is estimated to be 0.36.n1'pcr
square meter.  The required time is 1.75 hours and the coefficient of

permcabilily (h) is estimated to be 5.8 x 10°3 cm/s.

Consolidation

The N-Value of sandy clay loam layer developing from 4.5 to 7.3 meters
below “the ground ‘surface is less than 10 according' to' the''datd of core
boring conducted at the outlet of the Nong Chanh marsh during the first
field "study period. The drainage plan propéscs a considerable carth

embanked structures at such sites. The consolidation of aboui 37 cm is

~estimated for the embankment with a height of 4.5 m at the site. -

Foundation

Piling is recommendable as the foundation treatment  for weir, gate and
building which do not allow consolidation to maintain the 'dcsign'c.d'.
elevations. Mean while, the existing bridges and culverts “have ~ been
constructed without piling and yet no structural damage due to the’
consolidation of the foundation is observed. Accordingly bridge and

culvert may be designed without special foundation treatment.
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~The measured minimum  bearing strength of the soil- along the river
banks is 4.04 kgfom? according to the results of cone penctration test
carried  out in the first ficld study period. The value is rather high and

‘indicates that no special treatment ‘is necessary 1o the foundation of

revetment works, The surface soil of deposited loam should be, however,

remioved. The foot of a revetment works should be  further embedded In

the soil by 50 c¢m to avoid the effect of water 1o the foundation soil.

Stability of slopes

- On the basis of the surveys on the existing slopes which appear to be

stable, it is recommendable to design excavation without protection with

- the maximum- slope "of "1:2. ' In case the contents’ of sand and gravel is

high, the maximum slope should be more gentle and 1:3 is

reccommendable.

Masonry for revetment works

The rock dcposited at ‘about 12 km northeast - of Vieut.ianc may be the

rock - borrow site of ‘theé material for masonry. ' The volume of the deposit

is judged to be snjfficienl for the use of the Project through the ocular

‘survey of ‘the outérop. It is a deposit of sand stone. The surface is

" weathered to some ‘extent.  However the fresh sample from the  deposit

enunciated that it is available to the masonry for the revetment works.

The physical ‘and mechanical fedtures' of the rock is estimated as follows;

Specific  gravity : 2.2

Compressive strength - 1200 kg/cm?2
Bending  strength : 72 kgfem?
Tensile strength oo 27 kg/em?
’Ab"sorptidn. ' > 7.3%

'Abrési'on : 6.5%

Fig 2.9 shows the location of the proposed borrow area.
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2.6

2.6.1

Geology of shortcut site

The drainage plan may consider several shortcut channels at the
meandering stretch of the Nam Pasak. The geological formation of the
site is assumed to be silt and clayey silt for the top layer from 1hé surface
t0 1.5 meters on the basis of the drilling survey results. The next lay.er
is clay and silty sand with a depth of 1.5 meters. .Thc layer 3 meters

below the surface is sandy clay loam,

Since the maximum flow velocity -is around 1 meter per scCond,' no
serious scouring of the shortcut channel may take place. The soil test of
the sandy clay loam yiclded the unconfined compressive ‘strength of 1.28
kg/em?, Accordingly the soil has the sufficicnt bearing strength.as the

foundation of a culvert.

Ground water

The surveyed watcr levels of various wells provide the ground water
elevation in the project area. Most of the observed water levels
distribute in the range of 0.5 and 2.5 mecters below the ground surface as
shown in Figs. 2.10 and 2.11. According to the information of the local
people, the water level go down to 5 meters to 12 meters below the
ground surface in the dry scason. Dewatering is necessary at most of the
work sites in the rainy season. The coefficient of permeability = of

5.8 x 10-3 cm/sec may be applied to the dewatering design.

Drainage System
Composition of the Existing Drainage

The cxisting drainage systems in the Study area comprise the Hong Xeng

System, Hong Ke system, Souane Mone system and Nong Hay system. | The Hong

Xeng system drains the northern part of the Study arca comprising its

tributarics and’ the canals which drain to the Hong chg. ‘The Hong Ke system

drains the central part of the Study area. Its main tributaries are the Horig

Thong and the Khoua Khao. The southern part of the Study area has been

chiefly "drained by the Souanc Mone and the Nong Hay.



The locations of drainages arc shown on Fig.2.12.  The drainage areas

‘thereof are presented in Fig. 2.13 and the profile of the drainages arc featured

as below;

(1)

(2)

Hong Ke System

Khoun Boulom Road is a road dike surrounding the most urbanized

-genter in - Vientianc. Khou Vieng Area (central city area) surrcunded by

this road is a political and economical center of the Lao P.D.R. The rain
water in this. area is collected by Hong Thong and Khoua Khao which
extend along the: road dike. Water is discharged ‘t0 both canals through

the culverts crossing under the road dike. The water in these canals

‘flows into the Hong Ke through the Nong Chanh Marsh and finally

discharges inlp the That Luang Marsh. The Hong Thong and the Khoua
Khao were excavated in 1945 by the French. At that time, drained water

from Khou Vieng Area was- probably discharged to the Mekong through
the Khoua Khao and to the That Luang through the Hong Ke. Since the
~ - discharge to ‘the Mekong was the major discharge, the Hong Ke did not

play such an important role as now. After excavation by the French, no

substantial impro'vefncnl had been done for 40 years. In 1983 t'hc'Hong

. Ke was widened and improved in order to increase its share of discharge

from the central city area. And the Hong Ke become the substantial

“drainage’of ‘the  area.’

The road side ditches in the central city area were constructed of bricks

‘during - the French colonial period  (1945-1962). Thereafier, concrete

pipe with a diameter of 60c¢m were laid along Saysettha Rd. in 1964 and

- 'thén ‘the road side ‘ditches made of . bricks were improved by concrete. In
1985, ‘on ‘the occasion of 10th independent anniversary, U-shaped

concrete ditches with cover (80 -x 80, 60 x 80, 50 x 50, 40 x 60) were
provided along the main streets such as Lane Xang and Sam Sen Thai.

The improvement of Anou Area (near Stadium) was carried out by

~Municipality - recently.:
'Hong Xchg System

“The 'ﬂow.dircéiion of the Nam Pasak had been variable dépending.on the

water level of the ‘Mekong. In the dry season when the river water level
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is low, the Nam Pasak flows to the Mekong. On the other hand, when the
water “level of the Mckong is high, the ‘water ‘of the Mekong tends 1o
intrudé into the Nam Pasak and Tfinally flows down to the Makhiao
through the Hong Xeng. After the installation of the gate at the outlet to
the Mekong in 1978 and the il‘rigaliOII water pumped up from the
Mckong has been discharged to the Nam Pasak in ‘the dry season, the -
flow direction become stable through out the year., The contluence of
the left and the right branches of the Nam Pasak is the origin of ‘the
Hong Xeng. The Hong Xeng is availed as the irrigation canal as well. No
substantial improvement works have been done for the Hong Xeng. In
1985 a new canal called Wat Tay was constructed.. This Ec:ar.lal_ was
constructed for the purpose of imigation in the dry season, but at
present it is used for the rain water drainage as well a1 the urban arca
along Luang Prabang Rd. near Wat Tay’ Airport. The drainage water
flows into Hong Xeng through the Nam Pasak left branch. The others
are the irrig'ation drainage canals which have drained the northern
bart of the Study arca. They are provided in the paddy ficlds located at
the north ‘of the airport.  They are constructed mainly for -irrigation
drainage but they are also used for the drainage from the urban area
along Luang Prabang Rd. near Wai Tay airport. T.h.ey join the Nam Pasak
left branch and finally discharge to the Makhiao th'rou_g_h the Hong
Xeng.

Souane Mone, Nong Hay Sysiems

Most of the arcas arc paddy fields except the urban areas located along -
Thadeua Rd. and those on the slope of north-west hill. Al-prcsém the
drainage water from the residential area on the slope naturaily flows
into the irrigation canal connecting from kﬁl 4 on Thadeua Rd. ‘to the
That Luang Marsh. The drainage water from Thadeua Rd. flows into the
swamp ‘close to the paddy field and finally discharges into the That
Luang Marsh.

2.6.2 Conditions of Drainage Canals

As mentioned in the previous sub-section, the Study arca of 5.6.2 km?2. is

drained by nine (9) main drainage canals such - as: ‘Hong Thong, Khoua Khao,

Hong Ke, Ham Pasak left branch, Nam Pasak right branch, Wat Tay, Hong Xeng,



‘Souane Monc ‘and Nong Hay. ‘The conditions hercof are surveyed as summarized

below;

(1)

Khoua Khao

The total - catchment is 1.96 km?,  More than 80% of the area has alrcady
been urbanized. Water level were recorded EL 167.5 m near Nong Chanh

and EL '166.0 m at the stop log near Mekong during the study period. The

bed elevations arc about in between EL 166.5 and 167.0 m at Nong- Chanh
side and EL 1655 m at the stop log. The longitudinal profile and the

“typical secl'io_ns are shown in Fig. 2.14,

The' canal canibe divided into two parts al Soak Pa Louang Road. The
stretch of 800-m upstream from the road has the reverse slope of about
1:600'-"g0ing down to !hé Mckohg. in 1989, the stop log has been opened
throu‘gh;:out' the year. - The catchment of this. area is 1.02 km2. The canal
width -varies from 20m to 30m with a low-water channel of 2.0 m wide.
The high water. channel 'is thickly  covered by weeds and trees. The left
bank is- the road dike. called Khoun Bou_lom Road surrounding the central

city arca. The right bank forms a straggling arca.

The ddwnstrcani reach of 1700 m from Soak Pa Louwang Road to Nong
Chanh ~has - the gentle bed .'sl(')pe of nearly  ‘zero. The water "usually
stagnatcs at this arca. The flow to Nong Chanh occurs if a heavy rainfali
is received. The catchment of this area is about 0.94 kniz. The canal
width ‘is 20 10 30 m -but in general there arc some sites where the

channel width become as narrow as 5m where roads cross the river.

 This part- is “always ‘covered with water plants through out the year due to
- the stagnation of water. The left bank is Khoun Boulom Road. The right
~ bank is- cither residence or paddy field.

The rain water collected from the city area surrounded by the road dike
is discharged "to the Khoua' Khao by the culverts - embedded under the

~road dike.  The capacity of the culverts is not sufficient and it is
‘ftecessary to increase the number and the flow arcas. The lateral drain

-system -inside .the city ‘area is alse insufficient in . quality and’’ quantity.

Accordingly thc rain waler can not concentrate smoothly to the Khoua

Khao.
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"Hong “Thong

The total catchment is 1.88 km?. ~Morc than 86% thereof has already
been urbanized. The canal length is 1.8 km. The average holt_onyslope_ is
about 1:1400. It is divided into two parts by the culvert providéd under
the morning market. The upstream reach from the morning market is
1.13 km long. The downstream reach from the morning"m'ark:cl is
0.4 km long. ' The culvert under the morning market is 270 m long and
the cross-section thereof is rectangular with the dimensions of 2.1 m
wide and 1.85 m high. The bottom elevations of the Hong Thong are
El. 166.5 m at thc outlet to Nong' Chanh, EL 166.6 m at the morning

market culvert and EL 167.8 m at the upstream end.  The longitudinal

- profile ‘and -the typical sections are shown in - Fig. 2.15.

Water level was recorded El 168.0 m near Say  Rom Road, middle of the
canal in the reach during the study period. The width of the canal is
about 10m to 16m. At the upstream reéch the most narrow channel
width is about 1.5m., Most of the canal bed is used  for the aqué plant

cultivation.

The catchment of this arca is located in the central city area. The right
bank, the area surrounded by the road dike is the most urbanized area
which- is suffered from the frequent inundation. The rain water from
this area is discharged through the culverts crossing under the road
dike into the Hong Thong. The culverts are located néar Stadium, Lane
Xang Road and Nong Chanh. The roads in this area are frequently
inundated due to the insufficient Jlateral drainage. Especially, the area
along Saya Settathirath Road is  frequently flooded by a 2 or 3 hours
heavy rainfall. The left bank of the Hong Thong is rather recent
residential ‘area called Thong Khan Kham, The elevation of land 'is low.
There are some areas which are lower than ElL 167 and-susccptibfc o

frequent inundation.

Hong Ke

The total catchment is 5.69 km?2 excluding the catchment areas of - the
Honthong and the Khoua Khao but including Nong Chanh arca. “The -
right bank side is the paddy ficld of about 1 km?2. Mcanwhil(_:__rc'sidcmial
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area cxtends along the left bank. The paddy field of 0.3 km?2 (6%) at the
right bank will remain even in Year 2020. The total length of the canal
is 3.0 km 'inc'lu'ding.‘-lhc canal at the Nong Chanh, The average bed slope
is about 1:to 1,600. The canal width varies from 10 to 16 m. The bed
elevations are El 164.8 at the outlet to the That Luang and El 166.7 at the
outlet “from the Nong Chanh. The longitudinal profile and the typical

-sections arc shown in Fig, 2.16.

- The maximum water level recorded during this study period (rainy

season) - is El._lGG.Om at the outlet to the That Luang and El 167.4m at

“the outlet “from -the Nong Chanh. According to- the results of the

discharge measurements carried out during this study period, the
maximum - discharge. was 3.9 m3/s at the end of downstream reach. The
paddy -field extends in the right bank has the function to.regulate the
run off from the circumferential high ground. The left bank has
already btﬁen'-buill-up and the collected = water from this area |is

discharged directly into the Hong Ke by lateral camals. The Hong Ke is

“the - drainage “of the urbanized arca but it has been an irrigation canal as

well. It has supplied water to the irrigation areas along the river and

That Luang Marsh. At the outlet to the That Luang Marsh, the Hong Ke

crosses an irrigation canal which conveys the water of the Hong Xeng to

supply the paddy fields in the marsh. The design discharge of the

irrigation ‘water is’ 100 1lit/sec as’ given i)y “the Irrigation Department of

MOV.
Nam Pasak (Right *branch)

The total catchment is 2.14 km2. Of the area, 1.87 km? (88%) is a built-

up ‘area. and rest 12% is a paddy field. It is predicted that this proportion

will be “maintained up - to the ycér 2020. The area along the upstream
reach near the Mekong, is the commercial arca close to the central city

area (Khou Vieng) and the population density is also vcry high. The

“paddy field: is ‘spread: in the left bank ncar the confleence with the Hong
- Xeng. It meanders hcavily and the river channel length is 4.7 km while

the. air lin length is: 2.9 km. The bed elevation varies from El. 1642 m at

the confluence with Hong Xeng ito EL 167 m (the highest point) at Sam
~Sen Thai Road. That of the upper most reach is El 165-m. Consequently,
‘the averaged slope is 1 to 1,400 at the downstrecam from Sam Sen Thai
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Road and is 1 to 400 of the reversc slopc at the upstream’ reach. The

longitudinal profile and the typical sections are shown in. Fig. 2.17,

The maximum water level recorded during this rainy season was
El 166.9 m at the confluence with Hong Thong.  The canal \_v'idth' is
approximatcly 15 to 30 m. Because of the re'vcrse:.slo'pe; the ‘stagnation
and pondage is observed between Sam. Sen Thai Road and the Mckong
The culverts crossing the roads such as Saya Setthathirath, Sam ‘Sen Thai
and Sy Hom roads do not have sufficient flow capacities due to the sm
and rubbish being deposited. These streiches divided by the roads form
swémps. In these swamps the - waterweed is thick. -~ The “cultivations of
aqua plants are being carried oul using a part -of the spaces. In the dry
season, the irrigation water is pumped up from. the Mekong into the Nam
Pasak and the .water is conveyed to the Hong Xeng to be supplied - for the
paddy fields around the Hong Xeng. Highly populated area along the

river is inundated due to the insufficient lateral - drains.

Hong Xeng

The total catchment is 8.22km2. The buili-up area occupiés 3.93 km? or
47.8%. The remaining 429 km2 (52.2%) is a paddy field. In the Year
2020, it is planned that the built-up area expand to 3.97 km? (75.9%) and
the remaining 2.25 km2 (27.4%) will be reserved as a paddy field. The
total  length of the channel is 3.34 km. The width is approximately 15 to
20 m, The bed elevations are EL 164.1m ai the water gate and
El. 164.4 m at the confluence with Nam Pasak right branch. The

longitudinal profile and the typical sections are shown in Fig. 2.18.

The maximum water levels recorded during this study period -was

"El. 166.0 m at the bridge crossing the Route 13 and El 166.5m at the

3500 m upstream from the bridge in Route 13 (Nam Pasak left- branch).

The bed slope is very genmtle and estimated to be 1 to 5,000. According to

the discharge measurement, the maximum discharge recorded during

this study period is 16.98 m3/s at the downstream reach from the gate

near the bridge in Route13.  According to the lbngitudinal- profile and

the cross-sections, the flow capacity is relatively uniform but there exist

"some sections which have smaller capacities due to narrow sections.
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The " beginning of “the river is the confluence with the Nam Pasak right

branch and Nam Pasak left branch. Since the catchment of the Nam

" Pasak loft branch is much bigger than Nam Pasak right branch, the

subsfamial discharge in the Hong Xeng comes from the Nam Pasak - left

branch, The Nan Pasak left branch drains a rural area and is planned to

remain rural in Year 2020, Accordingly, the Hong Xeng and the Nam
Pasak left branch can be  classificd to be a natural river rather than a

drainage canal.

At the 900 m upstream from the bridge in Route 13, the lateral canal
called the Hong Kai Keo flows into the Hong Xeng from the right bank.
The catchment of the Hong Kai Keo is 2.76km?, the fength is 1400 m and

the widih is 6 to 9m. The end of upstream reach is the marsh called the

_ Nong Bong with an arca of about ‘9 ha. The left bank side is a paddy field

and the right bank is rather urbanized hill.

The paddy field along the [eft bank reccives water from the Hong Xeng
by pump in the dry season. - On the other hand, in the ram;. season the
rain water from this arca is dfain‘cd dircctly into the Hong Xeng except
the paddy field along Route 13 where the drainage water is discharged to
thc'canal"conhécting.'to That Luang downstream through the culverts
which are embedded under Route 13,

Nam Pasak Left Branch

The end of the downstream reach of the river is the confluence with the

‘Hong Xeng. The catchment is vast and estimated to be 58.9 km2

including the outside of 'lh'e Study Area. The 'built 'up arca is only
2.9 km2 (5%) and the rematmng 95% is elthcr water area or paddy field.

In Year 2020 lhe built- up area is planned to increase to be 4.6 km2 (89%).

The’ _total length of ‘the channel is about 9.3 km and many water areas

such - as ponds and marshes are located in the catchment arca. The

‘average bed slope "is ‘about "1 to‘3.,000. The paddy field is also a sort of big
~ retarding basin.  Thus the area has the big storage capacity of rain
_water. The Nam Pasak lefi branch collects the water from the paddy field

spread .in.the north of  Wat Tay Airport. The canal called Wat Tay coming
from the urban area along Luang Prabang Road near War Tay Airport

also discharge water to the Nam Pasak through the Nong Douang Area.
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Wat Tay

The built-up area occupies 7.79 km? or 67% of-tllc'cattcillllqnt arca. The
remaining 2,57 km? (33%) is cither water arca or paddy field. This
proportionswill not be changed in Year 2020. ‘The canal is '5.06 km long,
2 to 7m wide and 30 to 125cm deep in the rainy season, The bed slope is
1 to 2,500 on an average, The bed clevations are EI. 165.4m at the
confluence with the Nam Pasak left branch, and El 167.3m at “the
crossing of Luang Prabang Road. The canal is also uwsed for the
irrigation in the - dry scason usiﬁg water tapped by pump from the

Mekong.

The upper reach of 2.19 km from the beginning to the conﬂuéncc"with
the Nong Douang, collects rain water from the urban area along Luang
Prabang Road by the road side dilches. The road side ditches along
Luang Prabang Road has just been reconstructed and completed.
However due to the insufficient flow capacity of cu.lverts which cross
Luang Prabang road, the road is submergible by a “heavy ;ainfall. - The
lower reach of 2.87km belween the confluence with the Nam Pasak left

branch and Nong Douang flows down in the paddy field.

Nong  Hay

This canal drains a large green arca and the small builbup éreé located
along Thadeua Road. The total area is 4.50 km? and the built-up area is
only 0.71 km2, or 15.7%. In year 2020, 1.62 km? of the green area (35%)

is planned to remain as the paddy field, At present, theie exists no

distinct drainage canal and the rainfall water of this caichment area

ftows down through the complicated and small draihagc canals in the
paddy ficld and finally discharges to the That Luang Marsh. So far the
starting point is not distinctive. the total length is estimated to be about
4.0 km. The average channel slope is estimated to be 1 to 2,000, '

Souane Mone

The catchment area may be classified into 3 areas which are the
urbanized arca along the Thadeua Road, the paddy - field "and * the

residential area located at the slope. of north-west hill.



- The calchment -area is 7.51 km?2 and divided into 2..]3 k:ﬁ?’ (33%) of the
arca along the Thadeva Road , 2.65 km? (41%) of the paddy ficld and
1.62 km?2 (26%) of the residential arca on the slope, respectively. In

- 2020, the shares are planned to change to be 2.52km2  (39:9%) , 2.26 km?
(35%) and 1.62 km2 (26%) , respectively, |

The rainwater of the area along the Thadeua_ Road is drained by the

~ near-by swamp connected 1o the paddy ficld. Thereafter, the water flows
into the -paddy field and travels in the small irrigation drainage - canals
in the paddy- fleld and to be d:scharged finally into the That Luang
Marsh,

The rainwater of the paddy field travels in the small irrigation drainage
canals, mixing with the water from the Thadeua area. The length of the
drainage canal in the paddy field is approximately 4.4km. ‘The channel
slope is about 1 to 2,000. '

' The rainwater in the residential arca on the slope flows into the
irrigation canal located at the foot of the hill.  This irrigation canal
starts at km 4 on the Thadeua Road, runs along the foot of the hill. It
ends at the That Luang Marsh. The total length of this canal is 4.51 km.
Since this camal is designed to convey the irrigation water from the
'Mekong,: an. indépcndeni drainage canal should be provided to discharge
- to the drainage canal in the paddy field.

2.7  Water Qualil_y

The Laboratory of Water Quality Analysis, Deparunent of Irrigation,
Ministry =~ of 'Agricu]'l'ure.and Forestry has conducted regular monitoring of
water quality for ‘the Mekong river system since 1987. The monitoring has
beén don¢ by 'sanipling Water at various stations oﬁcc evéry month. The data at
the following stations located in and around the Study area were collected, and
made avallablc for the Study; Kaolico (Mekong), Hong Xeng, Hong Ke, Nong
Nieng, Salakham Houa Khoua ‘and Cliinaimo (Mckong) The testing items arc.

comp_rehenswe and u_sc_ful for the study.



NAM PAPA LAQO (Water Supply corporation), Minisiry of ‘construction has
carried out the surveys for pollutani source of river water. The survey is to
identify the contribution of industry and livestock to the water pollution. - The

data of surveys were collected.

In addition, JICA carried out waler sampling and analysis during the
Study. The sampling and analysis were conducted twice, at the end of the dry
scason (May) and at the end of the rainy season (Scptdmber). ‘Thé sample size is
about 80. The sampling sites are distributed in the Study area and tallics
20 sitcé as shown in Fig. 2.19. The ané\'lyzed items are COD, BOD, DO, TSS, T-P, T-N,
Cl, turbidity, temperature, color, odor and coliform. The results of the analyses

arc partially presented in the figures from Figs. 2.20, 2.21 and 2.22.

The obtained concentrations have a good fit' to the existing data. It
¢nunciates thal the water quality in the Study area is unfavorable both " in the
rainy and the dry seasons. It also shows that the water sampled  at the sites
located within the most urbanized arcas have the worst quality. There was a
case where the water in the Hong Thong had the COD concetitration’ of 10 miflit
in terms of KMpO4 consumption even in the rainy season. ‘The ‘efflient from

the domestic waste water is supposed 10 be the main pollutant source,

Although the quality is poor, the water surface has been utilized by thc
local people for various purposes. = Further fauna and flora are not so scarce.
The numbers of fish species were the maximum of 17 ‘in the Nam Pasak left
branch. Souane Mone to the That Luang and the drainage of Wat Tay air port
are also rich in fish species. In these sites, the species of water plants are also
plentiful.  The local pcople use the water surface for fishing “and bathing as

well in these sites. The surveyed results are listed in Table 2.9,

In order to assess the water quality, the following. five classes are

introduced;

Class A good COD less than 3 rhg/], DO more than 6 mg/i
B fair COD 35 mg/-3 mg/l, DO more than 4 mg/l :
C  poor COD 8 mg/l-5 mg/l,” DO more than 2 mgfl -
‘D to be improved COD 8 mg/l-10 mgl, DO less than 2 ‘mg/t
E

worst COD more than 10 mg/l, DO less than I mg/l



Table 2.10 shows thc results of assessment. The assessed results are
spatiélly"distribumd as shown "in Fig. 2.23. These table and H{igure enunciale
that ' the contamination of the upstream reach of the Hong Ke system is serious.
The Nam Pasak right branch is the other significantly polluted river in the
" study arca. = Somc measurcs should be introduced to these rivers to control the

water quality,

2.8 Environment

The present environmental conditions of Study area were investigated.
The results * of ‘the ' investigation are  summarized by zones- together with the

nccessary actions ‘to be taken 1o enhance the conditions as follows:

(1) The Hong Ke

The quality  of water is low. While the upstream reach flows  in the
urbanized area, the downstrcam reach runs through paddy fields. The
river banks are covered by bushes and distinct channel is not ' formed.
The scenery view is poor although it could be a valuable waterfront.
Intensive ‘urbanization is considered in the arcas along the river

towards the: year 2000.

The guality of the river water should be improved. The river channel
improvement by means of dredging and provision of revetment works

such -as sod facing might be effective to create an attractive watcrfront.

(2) The Khoua Khao

The river is located along the periphery of thc existing urbanized area
which is protected by the road dyke. The ‘quality of water is low.
Vegetation  is thick  in and around the river. No distinct channel is
-.form'ed.. “The river is sUr.roundcd by green such as road side trees and
._view is fair.  The" potential to: provide an amenity. space to the urbanized

area is high.



(3)

(4}

(5)

The improvement of water quality is required.  The river  channel should
be inlpfovcd 1o enhanc.c the environmental conditions of Vientiane.
Enhancement of scenery through the provision of revetment works
such as sod facing might be effective to create an attractive waterfront

The Hong Thong.

The water pollution due te the domestic waste water contamination is
remarkable.  The saﬁilary condition is poor due to the lack of waler,
silting and. over-grown water plants. The need to provide an amenity
space to thc urbanized area is high. A part of the water surface is

utilized for the aqua plant cultivation.

The improvement of the water quality is required. The river channel
improvement by the provision of rcvetment works such as sod. facing

will improve the appearance.

Thc_ Nam Pasak

This river is draining one of the most urbanized area. The water quality
is extremely poor. The channel meanders heavily having several
retarding ponds. The back sides of -various buildings face to the river.
There arc some houses which partly intruded in the river channel. The
relocation of some building may be nccchary in view of the

management of the river. The sanitary condition is poor. -

~The improvement of the water quality s required. . The river. channel

improvement by the provision of shortcut and reveiment works is

deemed to be effective to enhance the cuvironmental ‘situation,

The Hong Xeng

The river runs through a rural area. The flow water volume and water
quality are fair. The water ‘surface .is utilized for cultivation of “aquatic

plants and fishing. The river has provided swimming area for children. -

The flow water volume should be secured to maintain the present

functions of the river. The conservation and improvement of the water



(6)

(7)

(8)

quality ‘arc neccssary. The consistencics of the river channel
improvement to the water surface utilization should be considered in the

drainage - plan.

- The Nong Hay and the Souane Mone

. The area is substantially rural with paddy fields. The water quality is

fair.  Small urbanized areas discharge (he drainage water into the near-

by irrigation canal.

The provision of an exclusive drainage canal is necessary to secure the
safety of the irrigation canal for the urbanized area. The improvement
of drainage canals in the paddy field is necessary to receive the drained

water ‘of the urbanized area.

Nong Chanh Marsh.

"The water quality is poor due to the contamination of domestic wasle

water.  The water surface is partly used for cultivation of the aquatic
plant and fishing. The marsh is identified to be a valuable open space
for the urbanized area. The main governmental office, market and bus

terminal " are ‘located in the surrounding area, and the marsh could be the

- center of the city. A squatter zone is formed in some arcas.

The improvement of .the water quality is required. The provision of
revetment works and utilization as a multipurpose retarding basin mighi
be highlights of the environmental enhancement of Vienliane

“municipality. ‘The relocation - of aquatic plani cultivation and the

relocation  of squatters might be the handles to challenge for this

purpose,

The Nong Duang Marsh

‘Thé water quality is fair. 'Thel marsh is characte_ri'zed'by rich fauna and

marsh flora. The water surface is partly utilized for aqua plant

cultivation.



‘The water quality should - be - conserved. The multipurpose utilization of

the marsh should be studied.

(M) The Nong Bone Marsh

The water quality is  [fair. The marsh is characterized as a natural
retarding basin in the urbanized arca.  The area has been ' partly -

reclaimed - for residential lands.

The water quality and the surface area should be conserved. The

utilization of the marsh as a multipurpose retarding basin should be

studied.

2.9 Construction Cost

The c¢onstruction cost requisite 1o 1he implementation of the drainage
improvement plans are eslimaied on the basis of the brokendown umit prices
and the composite unit prices. In this estimation, the prevailing costs incurred
by the onm-going projects in and around the Study area were referred to
together with the cstimation of the required unit works for cach work items,

The data and information were available at' the following organizations;

- Ministere des Communications Transports, Postes et Conslructio.n

- Ministry of Communication

- Ministry of Agriculture & Forestry (State enterprise of  irrigation
No.1) ’ ' |

- Ministry of Agriculture & Forestry (State enterprise of irrigation
No.2) '

- Miutapap Construction Co,

- State Road and Bridge Construction Company

- Electricité du Laos

- Enircpnsc d'Etat des Postes ct Tclccommunlcatlons

- Tha Ngon Rural Development prOJccl

- Lao Port Project

- Kubota Construction Co, Ltd

- BETON Concrete Factory

- Lao Shipinter Company



- Lao Indocan INC.

> Inter-construction company
. Joint Development Bank

.- Lao Concrete Products CO,

Table 2.11 presénts - the ‘prevailing unit prices judged 1o be appropriate
for the Study. In this table the last three columns show the tentative unit

prices - assumed for the comparative study on the alternatives.

Applying the assumed unit prices to the provisional work quantities, the
- unit prices  ‘were éstimated for substantial structures. Those estimated were the
culvert in the Hong Thong at the morning market, a concrete slab bridge, stone
'masbnry. concrete block hqaso'nry, .a concrele pipcIWilh a diamcter of 800 mm

and a laterite’ paved road. The assumecd unit prices arc summarized as below:

" Box ‘Culvert per m ' : 1,060 US dollar
‘Concrete slab bridge per m? : 1,420

Stone masoriry per m? . 25

Concrete block masonry per m2 - 48
‘Concrete pipe (P = 800) per m : 233
Inspeclion road per m . : 438

The figures 'présenlcd above are applicable to any struclure without

considering the site conditions as far as the comparative study is concerned.

2.10  Inundation Damage
2.10.1 Inundation damage potential

Inundation occurs frequently in the Study area Plate 3 shows the
inundation roads, houses, temples and paddy ficlds on 12 September, 1989, after
- a storm rainfall of 84 mm/day occurred in Vientiane. A heavy storm of about
10 ye'ar return period occurred on May 14, 1988 with the rainfall of 162 mm. I
brought an extensive inundation in the Study arca. According. to the resulis of
the i_nﬁﬁdation survey iconciucted by the Study team.  The average depth is

estimated 1o be aboui' 60 cra all over the survey area.
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No official inundation damage data -arc available in the. Study area,  -A
damage survey was performed through interview surveys. The surveyed arcas
are  selected among those frequently inundated arcas on the basis of ihe
information furnished by the district offices in Vientiane Municipality.  The
sclccicd arcas arc shown in Fig. 2.24. The sites arc selected chiefly in the

urbanized and low lying area where the side ditches of road are not adequate. -

In the wurban area, the inundation area' arc distributed ‘mainly below
EL 168 m according to the results of the survey. However the areas located
above El. 168 m are often inundated due to the poor “drainage in dcprcss'cd arcas
or insufficient road side ditches. Table 2.12 presents the inundation ‘condition

obtained from the damage survey.
The major damages identified are as follows:

- Damage to houses
- Damage to houschold articles
- Damage to shop and factories
- Damage o public infrastructure
- Damage to traffic
~~ Sales loss
- Wage Loss
- Damage to daily life of inhabitants
- Damage to health conditions
- Damage to crops |

- Other damage

The damaged values of a house vary from place to place for ecach
identified item.  This is because of the difference in the values of a house.
Another reason for the difference is the damage ratio which dcpcnd on the
topographic condition and the durability of a house. The potential damage of
one item, a house for instance, is defined as the _unit vlaiue of damage potential

(UVDP) and depends on the value of the unit and its damage ratio.

According 1o the results of the damage suivey the unit value of
damage potentials of each area are different according to the land use pattern

in the relevant areas.  This might bc one of the rcason why the inundation



damage in the central city arca is high as compared with that of rural arca. In
this connection, the Study area is classified into threc groups, according to land
use patterns and socio-economic features at present as follows:

Share of Built-up Arca Land Use

Area 1 ¢ More than 85% Central, Public & Commcrce
(Located in central city Industrial Area
of Vientiane)
Arca 11 20% - 85% - Residential Area in Urban Area
Area TII Less than 20% Residential Area in Rural Arca

‘The unit value of ‘damage potential of Arca I is assumed to be that in the

ccntral public and commerce and industrial arcas in the Sludy area.  The unit

value of damage potenual of Arca IIl is assumed to be that in a residential area

in a rural arca. Meanwhile the unit value of damage potential in Area 11 is

adopted to the residential area in remaining  area. The damage may be

estimated . applying these values to the lot numbers located in the inundated

arca.
uvDP Unit Area 1 Area Ii Area I Oreen
Area
Houses kip/house 10,000 32,000 38,000 -
Household articles kip/house 13,000 18,000 33,000 .
Shops and factories kip/shop and 30,000 15,000 51,000-
. : factory
Public infrastructure kip/m 1,300 1,300 1,300 -
"{Road)
Traffic
Passengers kip/personskm 29.7 31.7 16.2 -
Cargo " kipftekm 17.1 18.0 9.0 -
Sales of shops kip/shop 1,548 4,199 11,080 -
Wages Kip/house 54 82 167 .
Daily - life ‘kip/house 11 5.0 . 7.9 -
{(Electricity) ' _
‘Health  condition ~ kip/house 605 1,435 2,800 -
Crops kip/ha - - - 18,750




"~ As for the damage to crops, ‘the uniquc unit value of ‘damage potential is
estimaied and applied to the entire arca of inundated agricultural land in the

Study area.

2 10.2 Assumed Inundation Arca and the Lot Number Therein

The inundation  arecas to be caused by a 10-year storm arc cstiniatc_d on
the basis of Geomorphological Survey Map of the Mekong river basin and the

ficld surveys which were conducted during the Study.

The inundation area is assumed to be 2,288 ha for the 10-ycar inundation
as shown in Fig. 2.25. The assumed inundation areas by land uses in- 1989 -and
2020 were cstimated by superimposing the inundation map on the present and

future land use maps. the estimated results are summarized as - follows;

1989 2020
Central Arca 0.0 ha 59.7 ha
Residential Area 429.0 ha 713.3 ha
Public & Commercial Area 13.7 ha 78.2 ha |
Industrial Arca 2.7 ha 7.1 ha
Water Area 97.3 ha 479 ha
Green Area 17453 ha 1342.5 ha
Other Area 0.0 ha 393 ha

Department of Agricuitural scrvice and the offices of four districts in
the Study arca assume that 70 % of the green area are ag'ricultural land. The

assumption is adopted in: this Study.

The number of houses, shops, factorics and major public facilities located -

in the inundation areca were estimated by the following methods.

(1) The number of houses including small shops and factories except large
market and industrial facilities were estimated on the basis of  population
and average household size. The number of inundated ‘houses due to

10-year inundation are estimated as follows:



(2)

(3)

1989 2020

Arca 1 500 1,340
Arca II 2,965 8,877
Area 111 588 2,612
Total 4,023 12,831

The estimated numbers were reviewed by reference to the number of
houses and -buildings estimated with a Map in a scale of 1 10 5,000

prepared in 1983,  Large buildings including markets, factories and

.major - public facilities were identified by the above map and ficld

survey.

The number of small shops and factories were cstimated on the basis of
following - share of shops and factories against the total number of
houses . according to information of Department of Commerce and

Ihdustry, Vientiane Municipality.

Share of shops

Area and factories (%)
" Area 1 _ . 1o

Area II 40

Area III 80

2.10.3 Damage - for the 10—ycér Storm

The inundation damage potentials duc to the 10-year storm rainfall are

evaluated: based on the past damage data and rclated informations coliected by

the damage survey and field survey. The damage polcnt'i'als were estimated at

‘economic prices in 1989, by adopting the following assumptions.

- The 'rate “of 0.9 is adopted for the conversion factor 1o convert

financial price to economic price as in the previous study of JICA.

- The ‘unit price of a crop is evaluaied by border prices



The damage potentials at 1989 cconomic price- by - damage item arc

estimated as follows,

(n

(2)

(3)

(4)

(5)

Damage to house

The house damage potential is estimated on the basis of unit value of
damage potential of house per houschold. The cconomic damage.

potential for the 10-year inundation in the Study area is estimated to be

1121.1 million kip.

Damage 1o houschold articles

The damage potential of houschold articles are estimated ‘on! the basis of
unit value of damage poten'tiai of household articles pér household.  The
economic damage potential in the Siudy - Area is estimated to be
78.3 million kip.

Damage to shop and factory

The damage potential -of shop and factory are estimated on the basis of
unit value of damage potential of assets and stocks per shop and fac'tory.
The economic damage potential in the Study area .is estimated 1o  be
42.1 million kip.

Damage to public infrastructure

The damage potential to public infrastructure are estimated on the basis
of the unit repair cost of road damage due to inundation as the unit value
of damage potential. The cconomic damage potential in the Study Area is

estimated 1o be 0.3 million kip.

Damage to traffic

The damage potential 1o traffic are estimated by calculating an unit loss
of traffic charge of passengers and cargo as the unit value of damage
potential.  The cconomic damage potential in the Study area.is. estimated

to be 0.5 million kip.



(6)

(7)

(8)

(9}

-Sales  loss

The - sales' losses due to inundation were estimated for shops, faclories and

markets in the inundation area. The sales losses for the 10-year
inundation were cstimated on the basis of avecrage daily sales per shop or
that of a market and adopting ithe . average proporuon of sales loss
against daily sales as the umit value of damage potentml The economic

. -damage polenual.of sales loss in the Study area is estimated to be

13.3 million kip.

Wage loss

The wage of workers are lost not only in the inundation period but in

restoration period. The wage loss due to inundation was estimated on the

- basis .of the unit value of damage potential by calculating average daily

wage per household, off-work period for the 10-year inundation. The
cconomic damage potential of sales loss in the Study area is estimated to

be 1.0'million kip.

Damage to daily life of inhabitants

The damage to. electricity supply is a major damage to daily life of
inhabitants due to inundation and about 20% of households in the
inundation arca would be affected by the IO—year inundation. The
damage. potentials of daily life are estimated to be the loss of electricity

- supply on- the basis of average stop period due to the 10-year inundation

~and its sales loss. The economic damage potential of daily life of

inhabitants in the Study area is estimated to be 0.02 million kip.

Damage (0 health condition

The damage potential to health was estimated from the medical expenses

and income loss due 1o diseasc caused by inundation. The economic

" damage potential to - the daily life of inhabitants in the Study area is

estimated to be 6.1 million kip.



(10) Damage 1o crop

The damage (o érops- was cvaluated from damage to - paddy, - vegetables,
soybeans and other crops due to inundation. The damage potential to
crop werc estimated on the basis -of the average unit yield - in fainy
scason, the period of inundation and average inundation depth for the
10-ycar inundation. According to the damage survey, 50% of the
cultivation in the inundation area would be ‘damaged due inundation
while the remaining area would not be cultivated in the rainy scason.
The damage potential to crop in the Study arca is estimated 1o ‘be

22.9 million kip.

(11) Other damage

There is various intangible damage due to  inundation, such as effects on
the environment, amenities and comfort - of inhabitants. The value of

‘damage would be 10% of total damage amount of above (1) to-(10).

2.10.4 Summary of Inundation Damage

The damage potential of the 10-year storm in cach area was estimated on
the basis of unil damage value and inundation volume discussed in the previous

subscctions.

Future damage was estimatled on the basis of land use projections and the .
unit value of damage potential to each item. The unit values of damage
potential in- each year are increased by adopting the growth rate of GRDP in

the Study arca as foliow :

1989-2000 T1.6%
2000-2010 8.1%
2010-2020 8.4%

Over all period 3.0%

A summary of damage potential for the 10-year siorm at economic prices

is given in Table 2.13.



2.10.5 Econoniic’ “benefits

“The economic bencfits ‘of the sclected project as ‘well as all the projecis of
the Master Plan were estimated by following procedures.

‘The economic benefits - of the project are considered to be the damage
reduction through provision of drainage improvement works. The damage
reduction” ‘was estimated as the difference in the possible damages in with and

‘without the project cases.

N The damage potentials of each inundation by probable storm were
estimaied on the basis of damage potentials for the 10-year slbrm. In this
~ estimation, the damage potential ‘was assumed  to be propo'rlional to the
inundated area. A hydrologic and  hydraulic study entailed the indices to

cstimate the inundation arca corresponding to the probable rainfall as follows:

Probable : Inundaiion

Rainfall Arca ' Index
Frequency (ha)
2 4.5 21
5 | 18 86
0 21 100
" 20 24 114
50 28 ' £33

The expected reduction of damage amount was evaluated from the.
avcfagc annual - dam‘lage amount reduced duc fo the projects.  Although the
project is designed ‘against the 10-year storm, it is not expected that all damage
due to a storm less than_ the 10-year is protected. Some damages should be
‘considered to remain.  This unprotected damage should be reduced from the
estimated benefit. The unprotected indices were assumed on the basis of the

" hydrologic and hydraulic studies as follows:



'.Probablc ' Inundation Arca (ha) Area of ..Rc:duélion

Ffé'](;:i‘::éy Withont Project © With Project ~ Reduction Rate
2 - 4.5 0 45 100%
5 18 5 13 12%
10 - 21 ST 10 48%
20 24 15 9 389%
50 ' 28 21 | 7 259

The expected annual benefit in sub-areas thus presented were estimated

as shown in Table 2.14.









PART II. BASIC PLAN

CHAPTER 3. BASIC CONCEPT AND CONDITION

3.1 Zoning

'AS'm'en_tioned"i_n the pr'eviou's' subsection, 10 main canals and four
marshy ponds drain the Study area including That Luang marsh. The
improvement of these canals and marshes might be the most practicable
measure 1o enhance ‘the -drainage condition of the areé from socio-cconomic
and environmental considerations.  The fxeld reconnaissance survey concluded

that these existing drainage facilities should be used to the maximum extent,

Accordmgly, the Siudy -area was dmdcd into- 17 sub-areas in accordance
wnth the present watershed areas of each dramage canal and marsh. Each sub-
area was named from A (o Q. The main features of each sub-arez are briefed

below;

Sub-area A : The area of 450 ha is drained by the Nong Hay irrigation
_drainage with a length of 4.1 km. The outlet of the canal is That
Luang marsh.  Paddy field occupy the substantial area. In the
year 2020, the area will’ be partly urbanized.

'Su_b-ar.ea B . The area of 751 ha is drained by the Souane Mone irrigation
drainage canal with- a length of 44km. The outiet of the canal
is That Luang ‘marsh. Paddy fi.eld is the substantial land use.
However, the sIdpc in the northern part is rather urbanized.
~The- dramages of the s!opc are opened to the irrigation canal
KM4. ~ The areéa is 10 be urbam?ed partly in 2020

."Sub.-_a_rca .C : ”The area of 196 ha is dfained by the existing Hong Thong with a
length of 2.5km. An outlet of the river is the Mekong * through
Ihe_sto'plog. The other outlet is the 'Hong Ke through Nong
 Chanh marsh, ‘The arca has alrcady been urbanized.



Sub-area

Sub-area

Sub-area

Sub-area

Sub-area

Sub-area

Sub-area

Sub-arca

The area of 244 ha is drained by the irrigation drainage - canat
because the area is occupied by paddy field. The arca is

expected to be urbanized to some extent in 2020,

The arca of 145 ha is drained by the Hong Ke with a length of
1.8 km. Small drainage ditches have -drained directly to the
Hong Ke. Most of area have already becn urbanized. The

remaining southern part which is presently covered by paddy

field is to be urbanized by 2020.

The area of 125ha is drained by the Hong Ke with a length of
0.9km. The arca is covered by paddy field and wnll be partly

urbanized.

E - The area of 53 ha is periphc.r.al d.f Nong Chang marsh. The area

is directly drained by the marsh. The area is expected to become

the well designed urban development area.

The area of 188 ha is drained by the existing Hong Thong with a
length of 1.8km. An outlet of the canal is presently the Nam
Pasak and the other is the Hong Ke throijgh Nong Chang marsh.

The arca has already been urbanized.

The area of 276 ha is drained by Nong Bone' marsh and the
Hong Kai Keo drainage canal. The outlet of the canal is the

Hong Xeng.. The area is partly urbanized.

The area of 312ha is drained by the Hong Xeng in the " siretch
upstream from the confluence with the Hong Kai Keo, Small

drainage ditches dis.chargc'dircctly to the Hong Xeng.

The arca of 234 ha is drained by the Hong Xeng in the stretch
downstream from the confluence ‘with the Hong K'ai Keo. Some
dramage ditches discharge d:rcct!y to the Hong Xeng but- somc
are collected by a canal located the other side of the routc 13

through culvert pipes.



Sub-area L' : The area of 214 ha is drained by the Nam Pasak right branch
with “a length of 4.7km. The arca forms the most urbanized

arca.

‘Sub-area M:  The arca of 779 ha is drained by the Wat Thai with a length of
o 6.18 km.  The canal was once a man made irrigation canal.
However it is. utilized for drainage so far. Southern part of the.-

~ arca is urbanized but northern part is paddy field.

Sub-area N : The area of 1,389 ha is rural and is drained by the Nam Pasak
' left branch with a length of 7.9km. The area may be remained

rural in the future.

Sub-area O : The area of 40 ha is drained by the Nam Pasak left branch in

the downstream reach from the confluence with the Watt Thai.
Sub-area P : The area of 154 ha is draincd directly by That Luang marsh.

Sub-area Q : The area of 67 ha is drained dxrcclly by That Luang marsh in

the upstream area,

The demarcation of zoning is shown in Fig. 3.1.

3.2 Conditions
3.2.1 Target Year

The target period of 30 years starting from 1990 was adopted for the

‘basic dra'inage 'plan on the basis of the following considerations.

(1)' “The larget period of the emstmg urban or cuy development plans should

_ be referred 1o, _

'(2) - Annual budgetary disbursement of the proposed basic plan should be
such ‘that l'he:go'vemﬁicht of Lao P.D.R. would be able to afford.

(3) 'The_targct project peﬁod which is commonly adopted in. the formulation

“of an overallor a master plan should be referred to.



The adopted target period is consistent with the 30-year plan of the
municipality of Vientianc. In the light of this, the target year is set at the year

of 2020.

3.2.2 Study Arca

The Study area is defined as the most urbanized - arca of 56.2 km?2 in
Vientiane Municipality.  The Study arca is hydrologically related with outside
of the Study arca. The influences to- and from the outside of the Study arca have
to be thoroughly considered although some of the data are hardly available.
Reasonable ﬁssumplions have to be introduced in det.ermin'ation of the design

water levels of That Luang marsh, the Hong Xeng and the Mekong.

The influences of the drainage improvement plans on the outside of the
Study area should be asscsscd and the conceivable adverse effect should be

minimized.

3.2.3 ‘Institutional Problems

No water rights are - granted in the country. - Accordingly, the flow
regime of existing rivers can be modified if the modification is “public benefit.
The Municipality reserves the right 1o control the use of water and the water

surface.

No code or regulation has been enacted at present in connéction to the
right-of-way for a river. The Municipality reserve the power to demarcate the
right-of—'way. And any land can be obtained for the use of the- p'ﬁblic benefit,
A committce organized for the project will .assess- and decide the: actual

compensation cost for the land acquisition.

3.2.4 The Nong Chanh Retarding Basin

There are several plans to reclaim the Nong Chanh fnarsh_: to uiilize ihe
land.  The allcrnalivc_ study should be carried out for the several different

retarding spaces in the marsh area. In this connection, it should be noted that



the: Nong :Chanh re_tarding basin will. provide a valuable amcﬁity space to the
urbanized area.  And the basin is supposed to be the highlight of the urban
planning of Vientiane municipality. In the light of this, it is decided that the
area of the Nong Chanh retarding basin is about 12 ha at its maximuom  as
illustrated in Fig 3.2,

3.2.5 Drainage Canal

The Hong Kc and the Nam Pasak drain the storm water in the rcspectivé
catchment arcas.  However the rivers also convey irrigation water to the
relevant paddy fields. Since the paddy fields located along the Hong Ke are to
be reclaimed - and be urbanized, the irrigation function of the -river is not
necessary in the future. The irrigation function of the Nam Pasak, however,
has’ to ‘be continued in this plan becausé the water tapping from the Mekong
and supply to’ the paddy" field located along the Hong Xeng are to be continued

in the  future.

3.2.6 Well in the Sub-arcas C and H

None of the wells in sub areas C and H function any longer. Accordingly
no . special treatment is necessary cven . though ‘the e¢levation of the ground
water table is lowered duc 1o the control of waler surface level of the Nong
Chanh marsh.

3.2.7 Socio-economic Assumptions

Improvement of the drainage system should be planned on the basis of
the projected socio-economic conditions in the target period of the Project.  The
main aspects of the conditions are population, GRDP and land wuse. In this
connection, the projections should be well coordinated with the plan of the

“Government.



3.2.8 Economic and Technical conditions of ‘Lao P.D.R.

Lao P.D.R. has a difficully in financial arrangement so- far. = This
situation is being improved year by year because of strugglings by the
Government,  However, the budget to be allocated to the drainage works may be

limited.

Simple technology such as gravity system has been applied in the
drainage works in the Municipality. Technical difficultics may take place. in

the operation and maintenance if a complicated drainage System is introduced.

3.2.9 Water Quality of Drainage

The drainage canal disposes domestic effluent. together with storm  water
in the Study area. The quality of the drainage water is poor because of this.
The = situation will deteriorate -with the increase in population and GRDP.
Stagnation of water in the depressions has worsened the sanitary situation and

the environmental situation in the midst of the national capital.

3.3 Principles for Drainage Improvement Plan

‘In view of the present conditions mentioned in the previous sub-section,
the basic principles are contemplated for the formulation of the basic plan . of

the drainage system. The principles are as follows;

(1)  The present study deals with relieving the Study .area from the
inundation caused - by storms occurring in the Study area. 'Fioodihg of

the Mckong is outside of the Scope of Works for this -Study.

(2)  The existing drainage systems have - several problems and - yet have
played the most important role. The improvement thereof is the most
appropriate mcans of relieving inundation, with least possibility of

serious social problem.



“(3) " “The 'OMR of the proposed system should be' simple and should not require
complex technology, In " this' connection, materials available in the

“country should be wsed to the construction.

(4) The sysiem proposed should improve sanitary conditions and amenities
‘as well as drainage " conditions, because the Study arca is located in the
midst of the national capital.

(5 The systcrh'pr‘oposed should conserve the -environmental condition  in

and around the Study area as much as possible.

(6) The improvement plan should be consistent to. the urban development

plan of the Municipality.

3.4 Environmental Decvelopment  Concept
3.4.1 The Importance of Water Surface in Urban Arca

- The rivers which run through the urbanized area, such as the Hong
Thong, Khoua Khao and the Nam Pasak and the marshes such . as the Nong
Chanh, Nong Duang and the Nong Bong play important roles to the lives of
people.  They retard and drain the rain water and the domestic waste- water
from the urbanized area. Their purification function of water can not be
denied for their retarding and biological effects. The river sometimes conveys
water uplifted from the Mekong 1o the paddy fields located along the
d‘ownstrc.an'] ‘reaches thereof, Parts of ‘the water surfaceé have been utilized for
the cultivation of aqua plants and fishing, and thereby. suppiies food for the
people. Water is sacred and yet is the thing to live close with for the people in
‘the country, as can well be seen in the tradition of showering during the
festival so-called "Pimay”. Accordingly a water front is a popular playground
for children. Plate 5 attached at the bcginning of this report shows the
photographs of the people at Vientiane in presence of water; for livelihood, for

food and for fun.

At present the rate of green arca exceeds 70% in the urban area of
Vientiane. Consequently, the people may not appreciate the open space created

- by the rivers and marshes as much as in other urbanized capitals. When the



municipality is urbanized with ‘a ‘number -of -artificial structures, the natural
open spaces of rivers and marshes would become precious amenity space for

the city life.

The air temperaturc at Vientiane is high as it is located in the tropical
20ne. Thc:lcmpcraturc shall become even higher: in the  future duc to an
increase in the consumption of ecncrgy. The radiation of heat from the surface
of asphalt and concrete will amplify the - tendency in accordance with ‘the
advance of urbanization. It is foreseeable that the urbanization 'incur a "heat
island” in the municipality. The water area Couid moderat_e the increaéing
temperature.  In the light of this, it is recommendable that water surface in

Vientianc be secured as much as possible.

3.4.2 Basic Principles for the Water Front Development

Reflecting  the environmental requirements and the importance of
water surface in the municipality, the basic principles for .the water front

development are designated as follows;

(1) The water front should be so developed as to coordinate to the -future

urbanization and to improve rivers to ‘maintain rich natural conditions

- To form a network of water and green in the midst of the town.

- To provide - amenity * space.

(2)  The water front should be so developed as to produce an’ idehticzﬂ views

suitable for the capital.

- To select ‘ithe revetment works and structures which - mateh the
character of Vientiane and comply with the social needs.

- To layout facilities which coincide with the features of the site,



(4)
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The water. front should be so developed as to comtribute 10 the activation

and the harmonization of communitics.

- To" activate the communities through the multiple utilization of water
surface.
- To harmonize the communitics through the cooperation to utilize the

facilities.

The - water front should be so developed as to contribute to  the
enhancement of cultural life of people and the improvement of sanitary
condition. o '

- To provide a space for the cultural activity of people.

- To prevent the generation of mosquitoes through the improvement of

drainage capacity.

Environmental Development Conécpt by Rivers

‘The zoning and the development concept of each stretch of a river are

contemplated in the light of the necessary aciions and -development principles

mentioned above. The rivers and the riverain areas are categorized into the

urban green, urban scenery, urban reconstruction, rural green and water

front recreation zones from the environmental point of view. The Hong Ke is

categorized in the urban green zone. The"Nong Chanh is specified as the water

front recreation zone.  Meanwhile the Hong Xeng is identificd as the rural

‘green zonc. The zoning is illustrated in Fig. 3.3 and the development concept is

‘summarized in- Table 3.1.






"CHAPTER 4, DESIGN STORM

4.1 Model Area

In order to select the most appropnatc protection level, an cxamination
study was conducted for a modcl area sclected among thc Sludy area. In this

sclection, the following e¢riteria were adopted: -

(1) The model area 'should cover both up- and downstrcam reaches of a main
canal to reflect various conditions of the Study area so that - the study
results of the model area could be applied to other sub-areas,

(2) The model area should bc sclecled ~among those sub- areas which have
socio-economic and enwronmcmal problems related to flooding or

inundation.

(3) The model ‘area should be selected among those sub-arcas which have
possibilities to provide various different types of drainage facilitics such

‘as a canal, a retarding basin and a drainage pump.

In the hght of the crltcua -a group of sub-areas was selected as the
model area: The : selected modcl area comprises the Khoua Khao (Sub-area (),
the -Hong Thong (H) and Nong Chanh Marsh {G). '

4.2 Design Storm for Main Canals
4.2.1 ~ Estimation of Inundation Arca

The Model Area has a caichment area of 452 ha in all and drains o the
Nong Chaﬁh Marsh through the Hong Thong and Khoua Khao. The Nong
Chanh Marsh has an area of 12ha at the stage 167.0m and its outllow is
collected by the Hong Ke and conveyed to the That Luang Marsh. The present
full-bank capacity of the Hong Ke is .limited to 1.2 m3/sec, based on -the
_analysis of (he non-uniform  flow. Inundation of the Model area occurs duc

chiefly to ‘the ‘limited conveyance capacity of the Hong Ke.



The volume of inundated waler caused by the probable rainfalls of 2, 5,
10, 20, 25 and 50 ycars were calculated in a hydraulic model, Taking the outict
capacity of the model arca as the present full-bank capa.city of the Hong Ke, the
maximum storage within the model arca was calculated based on the 'rational
formula. The maximum storage volume thus estimated represents the required
retardation volume  within  the Model area for accommodating ‘the réspcctivc
probable rainfalls.  This volume was allocated to the Nong  Chanh Marsh and
other depressional topography in the Model Arca based on the contour lnes in
the 1:10,000 maps. By consiructing the stage-storage relationship,  the total
arca of inundation arcas were estimated for each probablc rainfall. This
cstimation is cross-checked with the results of inundalion ‘damage survey, and
adjusted to reflect the findings of the survey. The table below summarizes the
volumes and areas of the estimated inundation for the varying probable

rainfalls under the present conveyance capacity of the Hong Ke.

Estimated Inundation in the Mode! Area

Probable rainfall frequency (ycars)

Item ;
2 5 16 20 25 50
Arca of inundation (ha) 52 70 82 95 98 106

Volume of inundation {1,000 m3) 256 370 443 510 530 596

Fig. 4.1 shows the ecstimated inundation areas in the Mode! Area
corresponding to the probable rainfalls with the 5-, 10- and ..’ZIS-ycar return
periods.  Estimated inundation covers an area of the Stadium, That Dam .and the
American Embassy; around the MNong Chanh Marsh; Khao Luang area north-
cast of the Khoua Khao canal; central cily ‘area around the movie theater; areas
near the Khoua Khao outlet to the Mekong; and areas inside the Khoua Khao

canal,

4,2.2 Cost Index

For cach alternative protection level, the’ capacity of  the - Hong Ke'is

calculated based on the rational formula and is used to estimate ‘the volume of



the: required each work., " Costs of revetment, pavement of the maintenance road
and relocation of bridges were cstimated by assuming typical sections.  Based
on the -'prelimrinar'y cost estimation, a cost index was calculated with the cost of
the 50-year. plah taken as  100. The cost index thus' shows the relative
magnitude of construction cost of each alternative relative to the 50-ycar plan.
‘The index values arc as given below:

Projection level (years) 2 5 10 20 25 50

“Cost index - 809 873 91.6 95.2 96.8 100.0

4.2.3 - Estimation of Benefit Index

In order to determine the expected reduction of inundation due to the
facilitation of each alternative protection level, the same inundaiion
calculation -as described in the previous subseéction was conducted with the
improved outlet capacity of the area for each alternative. As the protection
level ‘is raised, the drainage condition in the Model Area will be improved and
thereby the expccted area of inundation decreases. The improvement effects
attributable to each of the alternative protection levcl thus are facilitated in
the o_f expected reduction area of inundation with and without the alternative

plans.

. Since the area of inundation is closely related to the total damage of the
flood, the expected reduction in the area 61" inundation was used o estimatc the
'benéfil-'indcx of each alternatives.  The benefit index was calculated by taking
the expected inundation reduction of the 50-year plan as 100. The following

table swmmarizes the benefit index of the alternatives.



Estimated Inundation Arca. in the Model! Arca

(Unit: - ha)

?i:'lolbfqrt;iqeu;ii:y- Pm%c'm Alternative [JtotcctEOII level .(ycars).- _

(years) - condition 5 10 20 25 50

2 52 - 28 24 20 19 19 19

5 70 35 32 29 28 28 27

10 82 42 37 34 34 32 31

20 95 50 48 39 37 36 33

25 98 55 52 41 39 38 37

50 106 - 65 55 50 48 46 42
Expected reduction 2777 313 35.21 - 36.13 36,46 37.01

in inundaiion ar¢a : '

Benefit index 75.0 84.6 95.2 97.6 _ 98.5  -100.0

4.2.4 Decsign Protection Level

An advantage of cach protection level of dréi_nagc in the Model Area was
asscssed by a B/C index, which is the ratio of lhc_ bcnefil. index to the cost index.
By assumption, the 50-year protection level has the B/C index of 100. The
fotlowing table shows the values of the B/C index for each of the aliernative

protection levels:

Projection level (ycars) 2 5 10* 20 25 50

B/C index 92.8 96.9 104.0 102.5 1018 -100.0

*:  Selected protection level.

In this comparison, the B/C index increase as the protection level is
raised from 2years to 5 and 10 years. The index peaks at the IOI-Yt':'ar
protection level, and then gradually decreases as the protection level is further
increased to 20, 25 and 50 years. Fig. 4.2 shows the cost, benefit and B/C index

curves for all the alternatives,



In view of the pi‘cscnt extent of socio-cconomic development in
Vientianc, a large investment for drainage facility may not be justified. In ihis
addition, the conceivable measure for channcl improvement so far s
excavation and dredging of channel which will not: bring about critical
situation even when a higher storm than the design storm adopted occurs and
which ‘could be further improved  later by -means of dyking at the strategic
sites. Thereby - protection Ievel can be graded up in the future. The protection
level of thc'Mékong tiver is proposed to be 25-year flood. In the light of this,
the 10-year protection level is selected.  This protection level will be applied 1o
the formulation of the Basic Drdinage Plan for the entire study arca.

4.3 Design Hyctograph for Main Canals

On Ist of June, 1987, a heavy rainfall occurred in Vientiane. The daily
rainfall at the station was 162.0 mm. Since this rainfall is close 1o the probable
rainfall with' a 10-year return period, the design hyetograph was constructed
by adjusting the recorded hyetograph of this rainfall. This ramfall like most
of rainfalis recorded by our aulomatic gauge, has the hxgh intensity part at the
begmmng of the rainfall event. The total rainfall in the first two hours was
126.0 mm. The recorded rainfall . was adjusted by a multiplier so that the des'ign
hyetograph would have the same rainfall for the duration of 2 hours as the 2-
hour probable rainfall of 108.6 mm. For the periods after the two hours, a
multiplier was applied so that the one-day rainfall would be adjusted te the

probable one-day rainfall of 150.6 mm.

The design hyetograph thus constructed, with the return period of 10
years, is -shown in Fig. 4.3. The following table summarizes the hourly rainfall

in the design hyetograph:



Design Hyetograph

Hour Ejfs;glcld M“.“i" hyi)teosgl;%:;ph
(mm) plicr (mm)
1 80.5 0.862 69.4
2 45.5 0.862 39.2
3 6.0 3.230 19.4
4 55 3.230 17.8
5 1.5 3.230 4.8
Total 139.0 150.6

In order to reflect land use patterns of the catchment areas into the flood
runoff characieristics in the modeling, an effective rainfall model ‘that utilizes
diffecrent parameters for areas of different land use was used. The effective
rainfall modecl used in this study follows the assumption that at the beginning
of ‘a storm rainfall the runoff coefficient is constant at f], which is called the
initial runoff coefficient, until the total rainfall reaches a saturation level of

Rga. After reaching this level, the runoff coefficient will be constant at fsa.

Therefore, the following formula applies:

‘Re=11-R ' (for R < Rgy )
Re =f1 - Rga+ (R-Rgy ) f5a _ (for R > Rga )
where, Re; Effective rainfall in mm
R; Cumulative rainfall in mm
f1; Initial runoff coefficient
Rga; Saturation rainfall in mm
fsa; Saturation runoff coefficient

The model adopted in this study used the following paramelers:



Parameters in the Effective. Rainfall Model

Toand - Rsa _
Land use f1 (mm) fsa
 Paddy 0.0 50.0 1.0
Hilly 0.25 150.0 1.0
"Urban 0.4 - 50.0 1.0

The effective _réinfall of the Hong Xeng and Hong Ke at the automatic
gauges can be calculated by the weighted sum of the effective rainfalls from
cach land use catcgory. The following table shows the effective rainfalls at

these iwo catchment -areas when the design hyetograph occurs:

~ Effective rainfall

_ Design

Hour rainfall Hong Xeng Hong Ke

(mm) System  System

{mm) (mm)

1 69.4 23.4 38.6

2 39.2 27.7 39.2

3 19.4 13.7 19.4

4 17.8 12.6 17.8

5 4.8 3.4 4.8

Total 150.6 80.8 119.8
Runoff coefficient (0.534) (0.795)

Detail descriptibn of the design hyetograph calculation is given in

Section A.9 in. Appendix A. .

4.4 'Dcsign ‘Protection Level for Lateral Canal

Considering -the economical efficiency, the protection level for lateral
canal should be set at lower level than that for main canal. Accordingly 2 and
_Syéar of return period were taken into consideration in selecling the design

storm for the "latcra:l canals. The selection was done by the B/C index.

‘The following tablc shows the B/C indices for both 2-year and S-year

storm rainfali.



Protection Level Benefit Index Cost (x 103$) B/C Index

2-year 85 - 47.65 1.78
S5-year 100 _ 68.93 . 1.45

The comparison between B/C Index for the 2-year and S-year rainfalls
shows that the 2-year protection level is more economical than the S-year
prrotection level. The design storm for the lateral canals wés thus given by the
2-yecar probable rainfall,



5.1

CHAPTER 5. BASIC PLAN

Conceivable  Alternative Plan

5.1.1 Concept of Alternative Plan

The following. technical conditions are the constrainis to study the

alternative drainage plans;

(1)
(2)
3)

(4)

The topography of the Study area is characterised by its géntle slope.

‘This mecans that the slope of drainage channel must be gentle.

All the surface water is dr_ained ‘into ‘the Mekong either in the Study area
or at Makhiao village through the Makhiao.

Storm rainfall .induc'cd by monsoon or by typhoon has a high intensity
of the daily rainfall of more than 100 mm. _

Storm water stagnation in depressions has. regulated the drainage

discharge to main canals to some cxtent,

Meanwhile objectivcs'of drainage for each area will be specified as follows;

(1)

(2)

"I‘o':p'r'olect the densely populated areas from inundation liable 1o be

incurred by heavy rainfall.

To create amenity spaces and better views.

In the light of this, the following basic principles were adopted for the

drainagé plan;

(1)

(2)

'The existing rivers and canals which have collected and conveyed storm
water are o be utilized as main canals because they are located at the
most appropriate sites in views of socio-economy, topography and

environmental conditions.

The existing marshes and ponds are to be uiilized as the retarding basin

as -much as possible to lessen the loads to the canals and to conserve the

environmental conditions,



(3) The direct discharge to- the  Mckong from the - Study area should be

considered if it is cffective.

(4)  The discharge by means of gravity is a preferable  method ‘because it
incurs the least operation and maintenance cost.  Pumps and gates will
be considered in the case that: the pro'vision ‘thercof has ‘an’ obvious

advantage.

The existing five rivers and five canals to be utilized as the .propo'scd
main drainagc canals in urban arca are listed below. Each canal is élassificd
. into  either a . collecting canal or a conveying canal. A collecting canal is
located close to the ceniral part of the urban area and collect the storm water
therefrom. A conveying canal Iransports the collected water to discharge into

That Luwang Marsh and the Hoei Makhiao.

{1) Khoua Khao; : _ collecting canal
(2) Hong Thong; collecting canal
(3) Hong Ke; conveying canal
(4) Nam Pasak; _ collecting canal
(5) Hong Xeng; conveying canal
(6) Hong Kai Kco . collecting - canal
(7 Wat Tay collecting canal
(8) Souane Mone collecting canal
(9) Nong Hay collecting canal
(10) Rural Area near Airport collecting canal

The marshes presented below are supposed to be available for the

retarding  basins;

(1) Nong Chanh
(2) Nong Douang
(3) Nong Bon

Nong Chanh arca has been urbanized. A part of the area is already
reclaimed and utilized for commercial’ a'ctivi.tics. Accordinglto the urban plaﬁ
proposed by MOV the reclaimed area will be expanded to de#ciop the central
park with hotel, exhibition hall and pond. Consequently the marsh will reduce



its - regulating function. The regulating function of the proposed retarding
basin contribute  to minimize the improvement work of the Hong Ke and the

adverse effect to. That Luang marsh,

Nong Douang Marsh plays an important role to control inundation as a
" natural retarding pond.” The area around the marsh - is not urbanized yet.
Consequently it could maintain its function and can be adopted as a possible

retarding pond. if the surface area is conserved

Nong Bon area also functions as a natural retarding pond. The
surroundings ~ of this marsh is the area for governmental offices and
residences. The conservation of the regulating function will coniribute to
minimize - the. improvement works of Hong Kéi Keo canal and the adverse effect

to. the Hong Xeng.

Some other regulating ponds are relevant to  the controling of
inundation locally.  They will be temporary storages to cut the local peak

discharge.

The discharge to the Mekong river from the drainage canals will be done
by both gravity and pumping, depending on the water elevation of the Mekong
river. The locations of outlet considered and their objective areas are given as

follows. -

(1) Khouza Khao . Central city area
{2 Along the Mckong river side ; Luang Plabang road (Route No. 13)
: near Wat Tai Airport.
(3)  Along the Mekong river side : Thadua road (Route No.2) near Ban
Souane Mone and Ban Chom Cheng.

- At the “outlets to the Mekong. River, water gates will be considered.

“In’ this addition, some small pumps and gates may be necessary between
canals or -between a canal and a- retarding basin.  Accordingly, some. pumping
stations would ~be .conceivable at the following sites as alternative drainage

~facilities;



(1)  Outlet from the Khoua Khao to the Mekong river

(2) The west bank of Nong Douang Marsh 1o the Mekong ' river
(3) Near Nong Hay

(4) From a local c¢anal to a main canal

(5) From the proposed rctarding basins to main canals.

(6) Outlet to That Luang Marsh.

In line with the conditions and the requirements mentioned above,
alternative drainage plans are formulated as the combinations of the

conceivable facilitics as discussed above.

The following alternative improvement plan for -the drainage system are
established on this basis of the different combinations of the alternative plans
for sub-areas mentioned above. Eventually seven different concepls were

established as follows;

(1) Plan-1 : Al 1the water to be disposed of in That Luang Marsh
through the existing main canals by gravity. The width of

cach main canal will. be enlarged.

(2) Ptan-2 : ANl the water to be disposed of in That Luang Marsh
through the existing main canals. Some canal slopes will
be made steeper by excavation. A re'tarding pond will - be
provided at the end of the Hong Ke. The water once
impounded will be discharged to That Luang Marsh by

pumps.

(3) ~Ptan-3 : All the water to be disposed of in That Luang Marsh.
Several new canals to be provided along the main roads to
dispose water 10 That Luang Marsh, Ponds to be provided at
the terminals of the canals for peak flow will contribute to

purifying water as well.

(4 Plan-4 : Water to be disposed of in both That Luang Marsh and the
Mckong. A pumping station to be provided at the end of ‘the
Khoua Khao to dispose water to the Mekong,



(5)

(6)

(1)

5.1.2

Plan-5 : Water to be disposed of in both That Lunang Marsh and the
' Mckong. - Pumping stations to be provided at the ends of the
Khoua Khao and the Nam Pasak right branch.

Plan-6 : Water to be disposed of in both That Luang Marsh and the
- Mekong. Pumping stations to be provided at the end of the
Khoua Khao, Nong retarding basin- and the end of the Nong

Hai,

Plan-7 : Water to be disposed of in That Luang Marsh and the
Mékong river by means of gravity. Gates to be provided at
the outlets 1o the Mekong, The canal widths to be cnlarged

10 secure waler retarding space.

These seven concepts of the plans are illustrated in Fig. 5.1.

Conditions for Pian Formulation

Several conditions were introduced to make the conceptual ideas into the

alternative plans. The conditions introduced are as follows;

(1)

(2)

(3)

4)

(5)

'The 'drainage system should have the capacity to dispose of all the water

in the wurbanized area in 2020 without inundation..

.The profile and the section of the canal should be so designed as to

conserve the existing water parification function and amenity as much

as possible.

The - retarding - basin should have multiple purposes for flood control and

water ‘utilization.

“The OM cost of pumping station should be minimum.

) 1Stage wice construction should be considered to correspond with future

requirements.



(6)

(7)

(8)

(9

(10)

(11)

(12)

(13)

(14)

The rational formula will be applied to estimate peak  discharge.

Meanwhile the Manning formula will be applied to estimate the water

fevel in a section,

The coefficients of runoff presented below will be applied;

Central area : 0.8
Residential  arca : 0.65
Green and  agriculture are : 0.66

The cocfficient of roughness for the canal with concrete lining on both

sides is (0.025.

The retarding spaces;

Nong Chang 120 x 103 m3 (Marsh)
Nong Douang ' 60 x 103 m3 (Marsh)
Khoua Khao 80 x 103 m3 (Channel)

Maximum flow velocity

Ordinary case : 0.8 m/sec
Improved slope : 2.0 m/fscc
Storage .channel : 0.1 m/sec’

The discharge of the of the Nam Pasak left branch to the -Hong
estimated to: be 80 m3/s assuming that the area along the reach
be urbanized in the year 2020. The water retarding areas

reserved as it is.
Trapczoidal section is cnvisaged for the improved channel.

Concrete revetment works are assumed on the boith banks

channel:

Xeng is
will not ..

will be

of the

In view of the discharge volume, the capacitics of the pumps are

assumed to be 5m3fs or 10 m3/s._



5,1.3 -Alternative Plan

evolved to alternative plans.

‘In line  with' the conditions introduced above, the

The principal features are

seven conceptual

ideas

summarized below.

Alt-6

“Items | CANWS1 Al-2 CAlt-3 Alt-4 Al A7
(1) Discharge Neone None None Khoua Khoua Khoua Khoua
to the Khao Khao, ~ Khao, Khao,
Mekong Nong Nong Nong
at Douang Douang, Douvang,
Nong Hay Nam Pasak,
: Nong Hay
(2} Discharge Al All CALL Partial Partial Partial Maosily
to That ' '
Luang
(3) Retarding Nong None  Nong Nong Nong Mong Nong
Basin Chang, Chang, Chang, Chang, Chang, Chang,
Nong Nong Nong . Nong - Nong Nong
‘Douang "Douang  Douang Dousng ~ Douang, Douang
Nong Hai
{(d) Pond ‘None  Hong Ke Each canal
{5) Channel None  None None None None None Most of
© ‘storage : Channels
(6) Drainage None Hong Ke None Khoua Khoua Khoua None
pump ‘Khao Khae, Khao,
{A pump) Nong Nong
"~ Douang Douang
(Two {Three
_ pumps) pumps)
(7) Shuice None  Nomne None None None None 5
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5.2.1

items considered were ‘their contribution

Comparative Study of Alternatives

Plan -Assessmeni

All the alternative plans werc assessed to compare their advantages. The

Lo

sanitary

improvement,

scenery

view, water quality ' conservation, amenity, material, maintenance, additional

"functions of “drainage canal, workability, project life period, special equity,

adaptability to the related plans- and the euhancement of land use.

"of the assessment were marked as A (superior), B (fair) and C (inferior).

" assessment of  each item was performed in the following manner;

The

results
The



(1)

(2)

(3)

(4)

(3)

Sanitary;

Altersiative plan-3 is ranked A because each canal has a sludge trap
pond.  The alternatives with pumps are also ranked A because ‘they can
control the water level and thereby the maintenance and cleaning of

canal become easy.  Alternative-7 will tend to stagnatc watér and may

allow sludge to deposit in the channel. Accordingly it is ranked C.

Scenery vicws

Alternative-4 and Alternative-6 will provide rctarding basins  which
have potential to produce scenery views. Alternative-7 ~ creates
sufficient spaccs for sccnery. -Accordingly three plans were ranked A,
Alternative-2 reclaim Nong Chang Marsh area to use the land and lose

the water front potentials, Accordingly it is ranked C.

Water qualily conservation

Alternative-4, 5 and 6 have retarding .basin whi.ch'rhay have biological
purification functions through biological or photosynthetic resolution.
Accordingly they are ranked A. Alternative-3  with siudgé treatment
pond is also ranked A. However, Alternative-2 and 7 are ranked C
because the drainage canals thercof have gentle slopes and small

tracting forces.

Amenity

Same as scenery view, Alternative-4, 6 and 7 were ranked A. Meanwhile
the maximum flow velocity of Aliernative-2 reaches 2 m/s- which will

not allow people 1o enjoy water front and was ranked C.

Material

These alternative which require only the materials available in the. site
arc ranked A.  The alternatives which ' require more than two pump

stations are ranked C.



(6)

7y .

(8)

(9)

(10)

Mainienance

The alternatives  with  much. equipment which require  special
technology 1o maintain thercof arc ranked C. Those alternatives which
require no equipment arc ranked A.

Additional function

Since the canal of Alternative-1 is exclusive to drainage, it is ranked C.

Workability

Alternative-6  which requires the construction of three pumping
stations is ranked C. Meanwhile Alternative-1 is ranked A because it

requires only simple civil works.

"Project life

The mechanical equipment. such as pumps have rather shorter lives and
requires replacement from time to time. Accordingly, Alternative-1 was

ranked A and Aliernative-6 with three pump stations is ranked C.

Equity

Alternative-2, 4, 5 and 6 are ranked B because they will improve of the

- urbanized  areas through the provisions of pumps as compared with

(11)

rural area where no pumps are provided.

Adaptability

. Alternative-4, 5 and 6 have the function to control the water level and be

(12)

adaptable to other plans such as irrigation. They arc ranked A. However
Alternative-1 and 7 arc ranked C because the plans have not such

function.

Land use

The = alternatives - which have pumps can save the canal arca and are

ranked A. Alternative-7 occupy a large areas for canal and ranked C.



Table 5.1 present the summary of the assessment, - The subsequent
numbers of A, B and T granied to cach alternative plan tally as follows;

Rank-A Rank-B Rank-C

Alternative -1 5 5 2
-2 2 7 3

3 4 o 2

4 7 5 "0

5 5 5 2

6 6 2 4

7 3 4 5

5.2.2 least Costly Alternaiive

In the light of the assessment results, Alternative-2 and 7 are considered
to be not advantagcous. Accordingly they are excluded from the candidétes for
further comparison. The ‘preliminary construction cost- of the remaining
alternative plans are evaluated. The OMR costs were also assessed in terms of

the present worth.  The .estimated costs are rated in the following relative

value:
Aliernative -1 104
3 111
4 100
5 106
6 103

The costs estimated are preliminary but the oblained rates indicate the

relative positions of the cost requisite to alternatives.

5.2.3 Selected Alternatives

Aliernative-4 was selected as the most preferable - drainage plfa'n'as"thc
basic plan in the Study area after the comparative study described in the
previous subsections. However, some revisions of the ‘plan become necessary

duc to the administrative decisions made by the Government of Laos.
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“The . Governmem decided not to discharge drainage water by pumps at
the outlet of the Khoua Khao.  Although present discharge by gravity is
‘maintained but the idea to dischargc by pumps is discarded. Accordingly a gale
is provided at the sitc instead of ‘the pumping station.

Another revision is necessary to the -drainage plan of the Nam Pasak
'(thc right branch). The river drained one of the most ‘urbanized areas. The
proposed dramage sysiem planned to convey the water into the proposed Nong
Duang retarding basin instead- of the direct discharge to the Hong Xeng.
‘However the river is, on ‘the other hand to be utilized as the water conveyance
canal for the “irrigation. = Water lifted from' ‘the ‘Mekong by pumps is con?cyed to
the paddy ficlds located along the Hong Xeng. To .sustain this capability the
plan was revised to reverse the flow direction.  The plan 'finally selected is

illustrated "in Fig. 5.2.

5.3 Priority of the Projects
5.3.1 Preliminary Estimation of Index for Drainage Benefit

In order to evaluate the effect of dramagc works for cach sub-area, the
dramage benefit is estimated preliminarily.  The benefit is estimated on the
basis of the possible damage reduction by the provision of drainage works. The
benefit may varies from arca to area in accordance with the potential
‘ inundation damage thercin. = The inundalion ‘damage of a sub-area déi)ends on
the land use and the arca, depth and duration of submergence therein, - Where
the area, depth and duration of submergence depend on the ‘topography and

the magnitude of storm.

As discussed in the previous chapter, the Study area is basically
urbanized.  This urbanization will become saturated in the early stages of the
target period. In this addition, an exlremely flal topography characterizes the
Study area.  And the area, depth and duration of submergence are almost
proportional to the magnitude of storm rainfall.  The possible réduction of
inundation damage to be incurred by a storm with a magnitude in a sub-arca or
sub- arcés ‘were estimated as described before. App!ymg the results of the
“damage study,_ the poss:ble inundation damage reductions were estimated for

each sub-area or sub-areas for the storm rainfall with the recurrence period of
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10-year in the entire Study aréa.  The “estimated “damages are adopted as the
indices for thc drainage benefit in the relevant areas. The tangible damage
reductions are counted herein, as follows; buildings, assets, crops, commercial,

industry, infrastructure, transportation, employment  and medical. treatment.

5.3.2 Priority by Sub-area

The improvement of drainage in a sub-area required the following
consider'alions;'lf the arca is located along the downstream reach of a canal, the
reach could be improved 1o discharge safely the runoff incurred by the
10-year storm rainfall in the area. However the improvcmcnt'should not
'disturb the future improvement in the upsircam reach and should not be
affected by the future improvement. In this respect, at least the width of the
canal to be rcqﬁired in the future should be sccured. In the same manner, if
the area is located along the -upstream reach of the canal, the canal should be so
improved as not 1o cause deterioration of the drainage c’apab'ility -of the

downstream reach. Disturbances to future improvements: should be  avoided.

Along thesc lines, the improvement of each sub-arca was considered.
Since the present discharge capacities of main canals are extremely small as
compared with the estimated runoff, iniprovcmcnt df an upsiream 'reac.h
requircs considerable improvement works downstream. Accordingly ‘the
improvement of an upstream reach alone is apparently not practical. ‘The

improving - areas are eventually grouped as [ollows;

Hong Ke_ system

Group No. 1 F

2 E and F

3 D,E and F

4 C E Fand G

5 CEFGadH
6 C,E,F,Gand H
7

C,D,E FGandH
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" Hong Xeng system

8 1 and K
9 J and K
10 I, K and L
11 LK, Mand O
12 LI, K L Mand O
13 LJLKLMNandO

Sone _Mone/Nong Hay system

14 A and B

The rate of the index for drainage benefit to the cost for the entire Study

area is ‘enumerated as 100. The rate for each group is estimated to be as follows;

 Hong Ke system

.G'roup No. 1 rate: 92
142
145
68
100
171
139

e S =~ AN . TR N PR

“Hong  Xeng sysiem

No. 8 156

9 108
10 128
11 67
12 97
13 100

‘Sone__Mone/Nong Hay system

No. 14 67
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5.3.3 Implementation Priority

Although the comparative study discussed ‘in the préevious section is
preliminary, it suggests the prioritiecs for drainage improvement, The
prioritics also coincide with the intensitics of land usc as well. In the light of
this, the implementation priority . is classified into the following. three

categories;

First categories; Sub-areas of C, D, E, F, G, H, [, Kand L
Second categories; Sub-areas of J, O, M and N

Third categories; Sub-areas of A and B

The priorities for implementation are proposed in. accordance with the

classification presented as above,

5.4 Priority Project
5.4.1 Master Program

The drainage in the sub-areas included in the first category should be
improved in-the first decade from 1990 1o 2000. Those projects in the sub-areas
included in the second may be implemented in the next 10 years from 2001 to
2010. The drainage in thc sub-areas of A and B could be improved in the .las't
decade of the target period of thc Study. The 1mprovcment of the lateral canals
should be well coordinated with this master program in terms of design storm
and construction schedule. However, various minor improvemenis such as the
enlargement of culverts should be carried out in accordance with the
urgencies and effectivencss thereof ~during the entire target period. Thus
drainage improvement of the whole Study area should be completed by the

target ycar of 2020.
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5.4.2 Priority Project

‘As -discussed in ‘the previous section, the target area of the priority
project comprises the Sub_—arca C,D,E F, G H I, K and L. The canals to be
impmvcd “are the Hong Thong'. the Khoua Khao, Hong Ke, the Nam Pasak, the
‘Hong Xeng and two ' collecting drainage canals in sub-ares T and K. The
proposed -plan cnvisagés utilizing Nong Chang and Nong Bone marshes as
retarding - basins. - The proposed priority project will be studied more in detail in
the feasibility - study. Fig.5.3 shows the areas covered by the Priority Project,
and Fig. 5.4 shows the flow diagram and sub-divided drainage zones in the
Priority  Project.
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PART IIL FEASIBILITY STUDY ON THE PRIORITY PROJECT

CHAPTER 6. HONG KE SYSTEM

6.1 Constraint

" The Hong Ke s:)_}stem covers the sub-areas of C, E, F, G and H which belong
or- will belong to one of. the most . urbanized arca of the municipality. The main.
canals of the system .ar_c the Hong Thong, Khoua Khao and the Hong Ke. The
proposed Nong- Chanh retarding basin regulates the flood discharges from the
Hong Thong and the Khoua Khao. The Hong Ke conveys and dlsposcs the water
released from 1he Nong Chanh to the That Luang marsh. The storm rainfall
water from the catchment area of 966 ha is supposed 1o be absorbed by the That

Luang marsh with a ‘water area of about 1.000 ha.

A drainage gate to be provided at the Khoua Khao discharg_es' the local
water to the Mekong through the Khoua Khao.

The potential flood discharges were estimated at the strategic points of
cach ci.lannc}"applying 10-year' storm rainfall assuming the projected land use
in the year 2020. The substantial confluences with the lateral canals are the
sites: for the seleciion of the strategic points. In this estimation, the rational

formula is the basic model applied. The estimated peak discharges arc as

follows:
Hong Thong Upper reach 6.6 m3/s
Lower reach 20,9 mi/s
Khoua  Khio Upper reach 9.2 n3/s
Lower reach 17.5 m3/s
Hong Ke Upper reach 42.9 m3/s
Lower reach 70.5 m3/s

The dralnage plan shall dlschargc these fioods without causing any
-serious damage ‘to the “That Luang Marsh. As mentioned before these discharges
may be regulated by the' Nong Chanh retarding basin. In addition to this the

IfIOng'-Thbng-and ‘the Khoua Khao have potentials 1o store water tcrﬁporarily to



regulate the peak discharges as storage ponds. In view. of the land use therein,

the maximum storage volumes are estimated to be as follows;

Hong Thong storage pond : 16,000 m3
Khoua Khao storage pond : 372,000 m3
Nong Chanh storage pond : 120_,000 m3

The marginél condition of the system is the water level of the That
Luang Marsh. It is affected by the water level of the Houei Makhiao. However,
‘both the That Luang and the Makhiao have hugc'éapacitics to store ‘water.
.Accordingly‘ the water level of the That Luang is assumed to be stable. It ‘is said-
that the maximum water lc{fel is EL. 165.5m.in the past 5 years at the Houa Khua
bridge on the That Luang drainage canal. = In ‘this respect, the maximum watcr

level is set at El. 166.0 m at the outlet of the Hong Ke

Most of the urbanized arca is located in the .arcas with higher elevation
of El 168.0m. According to the topographic map in a scale of 1 to 10,000, there
are some places which are to be sub’mcrg'ed if the water levels in the catchment
arcas of the Thong Thong and the Khoua Khao exceed EL 168.5 m. Cbhsidéring
the loss of head of tocm for the lateral canals, the allowable maximum water

levels of the Hong Thong and the Khoua Khao are sct Cat EL 168.0 m.

The Hong Thong passes the area of the niorning market. The ground
elevation of the site is El. 168.5. The present elevation of the ground surface is
also considered as a constraint to' the drainage plan.  Fig. 6.1 presents the

present condition of the Hong Ke¢ system.

6.2 Alternative for Conceptual Plan
6.2.1 Alternative cases

The storage volumes of the ponds and the retarding basin dominate the
water levels and the discharge.  The alternative plans are envisaged in

accordance with the possible storage volumes.

While the Nong Chanh marsh is proposed as ‘a r‘aiafding basin, the Hog
Thong and the Khoua Khao are possible storage ponds and can Tegulate | the

¢



-.pcak:-discharge as ‘mentioned before.  The available maximum storage of the
Nong :Chanh is .12 x 106 M3 Tpe Hong Thong and the. Khoua Khao could: store
water up to- 16 x 103 m3 and 32 x 103, respectively. - The regulation in the Hong
Thong pond' contribute to reduce the necessary capacity of the culvert in the
- morning market and alleviate the peak inflow to the Nong Chanh retarding
basin. -~ The ‘storage in ‘the Khoua Khao pond will supplement the storage
capacity . of thc Nong Chanh retarding  basin.

The following 5 different combinations of storage volumes were

examined as -alternative plans;

Unit : m3
Case Case 1 Case 2 Case3 Cased Case 5
Cénal

Hong Thong  No storage 16,000 ' 16,000

~Khoua Khao ditto 32,000 32,000

Nong Chanh ditto 80,000 60,000 120,000 120,000
Hong Ke ~ditto

‘Total Storage 0 80,000 108,000 120,000 168,000

Case 1 is the alternative which has no regulating space. In Case 2, the
alternative has regulating space only in the Nong"Chanh. Case 3 is the
alternative ‘which has the maximum storages in the Hong Thong and the Khoua
Khao but the Nong Chanh retarding basin with a half of the maximum storage.
In Case 4, the alternative has the Nong Chanh rectarding basin  with full
capacity 'b.ut other two have no capacity. CascS5 is the alternative with the

maximum - storage capacities  at respective retarding basins,

6.2.2 Assumed design water levels

Since the water level of the That Luang is EL 166.0 at the outlet of the
Hong Ke, the water ieveI'of_ the Nong Chanh should be above El. 166.0m. There
is  an ‘extremely narrow scction in the Hong Thong at the Morning Market in
which presently a box culvert is provided. A considerable head loss is



incvitable therein.  Consequently, the flood water level of the Nong Chanhi - is
set at EL 167.0m.  Since the ground eclevation at the Morning Market is
El. 168.5m, the internal top elevation of the culvert is -set at Bl 167.5

considering the depth of the covering.

The inflow floods to the Hong Thong and the Khoua Khao are estlmated to
be about 20m3/s in terms of peak discharge. The inflow volumes are more
than 500,000 m3. Accordingly the capacitics 1o regulate ‘might be small even
the case where the maximum space is considered for both storage ‘ponds.  Thus
the outflows therefrom could have only sligllt ‘differences ‘among . the cases
with different storage volumes. In view of this, the clevations are fixed for all

the possible discharge to simplify the Study as follows;

Canal/ Design Design Observed  Present
haa_na Location Max. Water Bed Max. Water  Bed
¢ (xnr:;:ge ocatio “Level Elevation = Leve! -Elevation
(m) (m) (m) (m)
Hong K;
HEK2/0 That Luang EL 166.0 ElL 164.0 ElL. 165.9 El. 164.4

HK2/2670 Nong Chanh Marsh ElL. 167.0 EL 1650 ElL 1670  EL 1665

Hong Thong _
‘HT/O Inlet to Nong Chanh  EL 167.0  EL 165.0 El. 167.4 El. 166.5

HT/400 Qutlet of Culvert El. 167.4 El. 166.0 Ei. 1674 El. 166.7
at Morning Mkt. - '
HT/670 Intet of Culvert El. 168.0 El. 166.3 ELl. 1674 El. 166.6

at Moming Mk1, _ _ . o
HT/1800 "Thong Kan Kam Rd El. 168.0 - ElL 166.8 El. 168.0 El. 167.8

Khoua Khao

KK/0 Inlet 10 Nong Chanh  El, 167.0 El. 166.0 El. 1674  El 166.5
KK/1740 Soak Pa Luang Rd El. 167.0 El. 1665 El. 167.4 El 1672
KK/2480 Outlet to Mekong El. 167.0 El. 165.5 El. 166.0 EL 165.5

The Nong Chanh is excavated by 1.5m deeper in order to lower the water
levels and create the space for impounding water permanentiy. Thereby an
area of water surface will be secured in the Nong Chanh retarding basm '

In order 10 increase the flow capacity, a ‘gradient of 1 to 1000 was taken

between the both ends of the culvert.



6.2.3  Lateral C'an.al

The “central city area of the Hong Thong catchment has the top priority
to improve. This arca was selected as the model area for designing the
improvement of tateral camals. The results of detailed inundation survey Shows
the canal along Saya Secttathirath Road should be considered for this puipose.

The following 3 (three) drainage routes were proposed as shown in Fig. 6.2.

Route Location of - Outlet Length of  Catchment
No Canal/Chainage Ditch Arca
: " {(m) ‘ S (m) {ha)
"Hong Thong 1340 . 950 . 344
Hong Thong 670 1220 31.0
3 . Hong Thong 290 1750 '43.7

6.3  Design Flood Discharge for Alternative Drainage Plans

On determining the design discharges for the Hong Ke system for each
of the alternative drainage plans, the following methods and assumptions were

made.

(1) F.or .thc Hong Thong and Khoua Khao canals, the rational formula was

used in combination with. the effective rainfall model mentioned in

Section A.1.9.3 (Appendix A).

(2) A hydrograph was  synthesized for each canal based on the peak

discharges estimated by 1) above.

(3) For the Hong Thong canal with a channel storage plan (Cases 3 and 3),
‘deformation of flood hydrograph was simulated by a model that wutilizes
the stage-discharge characteristics (H-Q curve) of the Moming  Market
calvert. The followings are the flood water level and low water level in

~the routine model :

FWL for Hong Thong storage :  El 168.0m

LWL for Hong Thong storage :  El. 166.6m



H-Q curve of the Moining Market culvert was constructed ‘by: using the

dimensions given in Scction 6.8.

(4) For Nong Chanh marsh with a storage plan (Cases 2 through '5),
deformation of flood hydrograph was simulated by a flood routine model,

The following water levels were assumed as mention before:

FWL for Nong Chanh storage : ElL 167.0m
LWL for Nong Chanh storage : EL1660m

The H-Q curve at the outlet to the Hong Kc is given by an assomed free
overflow section with the crest at El. 166.0m. The length of the crest
were determined ‘so ‘that the 10 year flood is accommodated without

exceeding FWL of El 167.0 m.

(5) For Khoua Khao canal with a storage plan (Cases 3 and 5), the storage at
Khoua Khao was dealt with as an integrated storage combined with the

storage at the Nong Chanh marsh.

The following table summarizes the design flood discharges of the main

canals in the Hong Ke system thus determined.



Design_Flood  Dischar f the_ Hon
(Unit : m3/s)

Canal
Ch:i!;l aée_ Case 1 Case 2 Casc 3  Case 4 Case 5
 Hong__Thong
HT/1220 - 1800 6.6 6.6 - 6.6 -
HT/670 - 1220 11.1 1.1 . 11.1
HT/400 - 670 16.7 16.7 15.5 16.7 15.5
HT/0 - 400 20.9 20.9 19.4 20.9 19.4
Khoua Khag
- KK/2000 - 2200 92 9.2 . 9.2 -
CKK/950 - 2000 11.3 11.3 : 11.3 -
KK/400 - 950 13.2 13.2 - 13.2 -
KK/0- - 400 17.5 17.5 - 17.5 .
Hong Ke
HK2/2570 - 3020 42.9 - - - -
HK2/2200 - 2570 42.9 39.5 37.6 35.8 31.8
HK2/800 - 2200 61.2 59.6 57.8 56.0 51.9
HK2/0 - 800 70.5 66.2 64.4 62.5 58.1
HK1/0 - 615 70.5 66.2 64.4 62.5 58.1
" Note :  "-" indicates that the design discharge is not applicable

(storage plan).

6.4  Flood Routing

 On the basis of the design discharge estimated by hydrological analysis
and planned storage volume of retarding pond, flood routing calculation was
carried out using non-uniform flow calculation method.  The channel which
- suffice the required water levels were thus studied. In this Study several

assumptions were employed. The employed assumptions arc .as follows;
(1) The Study is carried out for the 10-year design discharge,

(2)  Water level in Nong Chanh retarding basin is not influenced by the

water level in the downstream channel from the weir.

(3) The flow velocity is as small as 0.8 m/s. And no special revetment works

were ~ considered.



(4)  The slopes of the channel section are set at 1 to 2.5. The slope is faced by

sodding.
(5) The slope of 1 to 2,500 is assumed for channel profile.

The channel bed widihs required are summarized in the’”folloWing table,

The table also present the cross sectional dimensions of the culvert as well.

Alternatives

Casc 1 Case 2 Case 3 Case 4_ Case 5

Water surface El(El.m).at the upstream end of channel

Hong Ke - 167.06 166.95 166.95 -166.95 ' 166.95
Khoua Khao 168.00 168.00 167.00 168.00 167.00
Hong Thong : 168.00 168.00 168.00 168.00 168.00
Channe! bottom  widih{m)
Hong Thong
HT/1220 - 1800 15 15 15 o 15 15
HT/670 - 1220 15 15 15 15 15
HT/0 - 400 9 9. 8 9 8
Khoua - Khao .
KK/2000 - 2200 14 i4 14 14 14
KK/950 - 2000 14 14 14 _ 14 14
KK/400 - 950 14 14 14 _ 14 14
KK/0 - 400 14 14 14 14 14
Hong Kg |
HK2/2570 - 3020 17 - - - -
HK2/2200 - 2570 17 20 19 18 18
HK2/800 - 2200 20 - 20 19 19 18
HK?2/0 - 800 23 23 22 20 19
Culvert :

(b x n x nos x 270 m 4x2x2 4x2x2 3x2x2 4x2x2 3x2x2




6.5

Comparative  Study

The comparative -stady was carried out in terms of the cost for project

implementation.  In this cost estimation the following assumptions werc made:

(1)

(2}

(3)

(5)

)

(1)

(8)

{9)

~Only the  principal  works are enumerated

Trapezoidal cross-section and 1:2.5 of side slope were assumed for the

canal section

‘A fixed cost of a weir and some facilities was applied to the Nong Chanh

retarding basin for all the alternatives.

The révetment of the Nong Chanh retarding basin is made of a simple

stepped concrete  block.

The revetment of the canal is made of sod facing. The canal bed is no

“lining (2D).

The excavation velume was estimated using the cross-section of the canal
and the Nong Chanh’ Area.

“Maintenance road with a width of 4 m is necessary along Hong Ke.

" The ‘cost of bridge was simply estimated , applying the estimated unil cost

per meter.
The difference in maintenance costs is small 1o be neglected.

The estimated cost is summarized as follows.



Unit:  US$1,000

ftem Case 1 Case 2 Case 3 Case 4 Case 5
Canal .
Low channel 1,905 1,770 1,770 1,770 1,770
Slope facing 309 177 176 - 177 179
Cut 1,333 1,222 1,195 1,173 1,150
Bridge . 2,677 2,686 2,656 2,621 2,599
Maintenance road 205 179 180 180 180
Morning Mkg. culvert 1,037 - 1,037 778 1,037 778
Nong Chanh
weir 117 117 117 117
Protection& Treatment 288 96 144
Revetment 348 251 4357 457
Cut | 424 318 . 636 636
' (212) (159) (318)  (318)
Maintenance road &5 61 111 1t
Total ' 7,835 8,141 7,646 8,279 7,977

(7.835)  (7.929)  (7.487) (7,961)  (7,659)

Remark: The figure in () shows the casc that the “economic cost is adopted
for the excavation :

- MOV has a development plan of the land around. the Nong Chanh as
shown in Fig. 3.2 which was referred to in Chapter 3. The area
envisaged is low land and - is susceptible to inundation. The necessary
‘earth to elevate the land to make it free from inundation is estimated to
be about 180 x 103 m3. In this respect, the Nong Chanh might be the
best borrow area because it is located adjacent to-the site. The soil in the
Nong Chanh is supposed to be excavated for the purpose of land
reclamation.  Accordingly it is not. fair if all the &cxcavation cost is
‘shouldered by the drainage improvement project. In view of. the
concept of economic analysis, the cost for the excavation should be
allocated to both drainage project and the land reclamation project.  The
economic cost thus estimated is suitable for the comparison of
altematives. In this case, 50 per cent of the cost of excavation is assumed

10 be the economic cost of the Drainage Project.



6.6  Preliminary Assessment of Drainage Plan in View of Environment
6.6.1 Criteria’ for Assessment

Several aliernative concepis of the drainage plan arc assessed in the
previous sections from - economic and hydraulic view points. - The next Scction
discusses the structural planning for the sclectéed concepts mainly through the
'éompat‘ativ'e study on alternative  structeres, types and ‘materials. The
environmental aspect is the other indispensable issuc 1o be discussed to
formulatéd ‘the most “suitable drainage plan in ‘the urban area of the national

capital, Vientiane.

" Each fadility which is a conceivable substaniial component of & system is
assessed in its preferableness in view of environment. The substantial
facilities are, drainage canal, storage pond or'rctarding' basin, revetment works
canal crossing facility, outlet facility and inspection road. Some of those
facilities are further broken down (o siructures, types and the material to be

utilized.

The major environmental issues to be assessed are water quality, amenity
and- sanitary. The assessment on water quality focuses on such items as
pﬁrificéticn,'polluiam"load, fauna and flora, maintenance flow and any other
effect to the water quality. The significant itlems with regard o amcnity are
SCenery “view, the opporuinity of recreation, air temperature, odor and any
other ‘éfféct to the -amenity. Meanwhile, the items to be assessed in connection

to sanitary are disease, coliform contamination of water, dust and garbage.

The result of an assessment is classified into either of three - categorics.
If a facility is judged to have a positive or an improving effect, it is classified
into “A" class. The class “B" is for the facility which has no effect with regard
to that item. Those judged to have negative or deteriorating effects in a way but
in - another way :pGSitiv'e or improving effect is also categorized into "B". A
'faci]ity' ‘which has ‘an apparent negative or deteriorating effect is assessed (o be

class "C".
The alicrnative plans with canals arc assessed together with those of

storage pbn’dé “and retarding basins. A rctarding basin which store water

-permanently has - purification function because the pollutant source contained
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in the stored water may be -optically “and biologically resolved. - Dilution by
groundwater is expected as well.  The purification function of a- storage pond is

insignificant because it retains water only for short duration of flooding.

Organic material transported in a canal with single "scction by drainage
discharge tends to deposit on the riverbed due to the lack of tract.itm force and
easily be rotten due to the wet and high temperature.  Suspended solid material
silts in a storage pond or a retarding basin. The silled material may decay and
produce pollutant loads in the storage pond which alternate the situations of

impounding and empty.

There is no space for riparian plant to grow in a channel with single
section. Meanwhile the high water channel of a compound scction is a space
for. flora.. However water area is not sufficient for fauna in a drainage canal or

a storage pond in the dry season.

A retarding basin requires a considerable amount of maintenance flow,
There is a possibility that groundwater percolated from the basin bed increase
the river maintenance flow when the level. of groundwater table is not low.
Accordingly a retarding basin is assessed to have both positive and negative

effects.

Although no 'pcrman.cm water surface is'available.. a channel w_iih
compound section may produce a good view if the high water channel is well
designed. A storage pond can also produce a gobd_ view because it secure a wide
space. The waler surface of a retarding basin is a valuable amenity space. It

may be utilized for water related recreation as. well,

A laminate flow in a channel with singic section tend to stagnate in the
dep.rcssions in the channel. The stagnated water may allow mosquito to breed
thercin and thereby some disease are infected. ~The water of a retarding * basin
also provide a preferable zone for breeding.  However natural enemies of
mosquito can inhabit the basin. Meanwhile coliform may 'multiplibaté in the

stagnated water.
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The conceivable revetment works are assessed in view of environment.
The conceivable works are simple excavation without lining, -sod facing,
concrete block lining of 2D and 3D, concrete block and stone masonry.

The drainage canal with 3 dimensional concrete block linings losc the
purification function ‘held by the existing natural channel. On the contrary,
the rcqmrcd maintenance flow thercby. is the minimum and 3D lining is the

most advantagcous works in this connection.

The revetment works by sod facing and rock masonry have gentle slopes
same as no lmmg section. Accordingly they will provide the opportunities for’
recreation.  If a channel is not lined, people are liable to dispose garbage into
the channel. Once garbage is deposited, a concrete lined canal has an

cxtremely dirty appeararce.

. Bridges of six alternative types are considered. They are RC slab,RC
T-girder, rigid frame, steel truss and wood bridge. No significant difference is

assessed in - respect of environment.

The discharge facilities of sluice gate, stop-log, free overflow weir with
flush- gate and pump with gale are assessed for the same items. Free overflow
weir may be designed 1o have an attractive view. It will -provide a space for

recreation as well.

The conceivable types of pavements for an inspection road are asphalt,
laterite and gravel. The advantage of an asphalt pavement is its appearance.
The pavement can maintain cleanness and be attractive.. The other advantage
is its durablhty Accordingly it may be released for public use. However sun
heated asphalt raises -the air temperature.- The disadvantages of a laterite
i::avcment are ‘erosion and dust It 1s emdible and consequcmly increases the
'tﬁfbidity of water. In the ‘dry season ‘the weathered surface produce dust.
Meanwhllc gravel - pavement may be des:gned attractively but become dusty in

the dry season.
The concetvable types of  culvert are the box type, pipe and corrugate

pipe. Smcc pzpe “culvert, mcludlng corrugate plpc, oftcn discharge water
without sufficient free open surface. This is liable to affect the fauna and flora
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Mecanwhile box culvert reserve sufficient open surface.  On the other hand the -
defect of a box culvert is the volume of flow requisite to flush sludges. It

requires a larger amount of maintenance flow as'compared with a pipe culvert.

In the light of these assessments, the conceivable fa'cilities. structures
and types are classified into threec categorics mentioned above as the Criteria
for the assessménl. ~All the details of the criteria for assessment are presented
in Tables 6.1 and 6.2. |

6.6.2 Selection of the Conceptual Alternatives

With regard to the Hong Ke system, the study on the conceptual plan in
the previous section revealed that the cases where no regulating storége is
provided, where the area of the Nong Chanh reiarding basin is 6 ha ‘and the
other casc of 12 ha yield the Teast ccon_omib costs. The differences among the
estimated three costs are insignificant. = The -advantage of three alternative
plans are judged to be the same from the ecconomic and hydraulic p’ohts of

view.

Mcanwhile, the space generated by the water surface of a retarding
basin 1s highly valuable in Vientiane according ‘to the assessment critefia
established m the previous section and as can be seen in Table 6.1,  The criteria
- indicate that the area of the Nong Chanh retarding basin should be allocated as

much as possible,

In this addition, the case where the area of the Nong Chanh 'retz.lrding

basin is 12 ha has the following advantage;

- The existing marsh area is around 20ha. ~ The water surface hectarage
close 1o the present hectarage could avoid uncertain environmental

effects.

- The retarding basin with a larger regulating space’ have  a 'largér
capacity to alleviate the damages to be incurred by a storm with a higher
‘magnitude than the design storm ‘with the recurrence interval of

10-yecar.
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- The retarding basin with a larger rcgulating' space could reducc the
. magnitude of peak discharge to That Luang marsh through the Hong Kec.
~Thereby the adverse effcct to the marsh become smaller.

~In the light of this, the conceptual plan with the retarding area of 12 ha
is. selected' for the Hong Ke system.

6.7  Alternative Facility Plan
6.7.1 _.Conceivablé Aliernative  Structure

“In the previous sections, the conceptual plans for the Priority Project
were selected among several alternatives. The proposed plans comprise the
facilities of - canals, retarding basins and storage ponds. The structures related

to the facilitiecs mentioned abdve are listed below;

Canal :  Channel (Secction), revetment works - and crossing
 structure
Retarding basin .:  Revetment works and outlet.
.Storage pond :  Channgl (Section), revetment works and crossing
' structure

The proposed conceptual plans specify the hydrologic and hydraunlic
figures such as the design water level and design discharge at the strategic

points of the proposed drainage sysiems.

Several conceivable types were compared for each structure. And
subsequcmly the most suitable ones were adopted in the plan, In this
connection, .several conditions of the project sites were considered and

referred 1o as follows;

1)  The iopography is flat and the depth of channel is limited mostly
. to Ieés than 3 meters and slope is less than 1 to some thousands.
1) .Soils are mostly sandy clay and silt.
III) The Study area is located in the center of the town.

Accordingly the available land area is limited and yet the plan

should produce good views.
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IV) The construction ' methods being adopted . in the prevailing
construction works in and around the Study area are considered to
be the suitable method and materials 1o the -local condition.

V) The complicated operation and maintenance should be avoided.

In the light of ‘the considerations mentioned above, the following ftypes

were adopted as the alternatives for each structure;

Channel : Single section and compound section,

Revetment works : Sod facing, c':oncfcté block (2D), concrete block
(3D), concreie  block 3D with finishing and Stone
masonry, '

.Crossing structure : Box culverl, pipe culvert, rigid frame bridge,
RC slab bridge and steel I-girder bridge.

Qutlet structure : Free overflow weir with flush gate, sluice gate and

‘pump.

In addition to the types given in the list, RC T-girder bridge is
considered.  However the girder, theréof is relaiively deep and may not afford
the sufficient clearance for the drainage  channel.  Consequently  this Iype.is
discarded. A wood bridge is provided for private use if the existing one is to be

demolished.
The technical features of cach type are summarized as follows;

Single section -1 - Construction is simpie. _
- Work volume is comparatively small.
- The discharge of low flow-is not smooth.

- Stage wise construction is not suitable.

‘Compound section : - The discharge of low flow is smooth.
- Multipurpose ~ utilization of the high water
channel is possible. '
- Suitable for stage wise construciion.
- Work volume is large. o

- Construction is slightly complicated.
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- Sod facing

Concrete block(2D)

Concrete block(3D)

Concrete block(3D)

with - finishing

Sione masonry

Box culvert

Domestic supply of material is possible.
The coefficient of roughness is large (0.030 or
moere).

A gentle slope is required (1 to 3 or more).

“The “stability of slope can be controlled (1 1o

0.3). _

Required concrete  volume is  small  as
comparcd with the 3D-type.

A wider channel is réquircd as compared with
lhc'3.D—lype. -
The coefficient of roughness is moderate
(0.025).

The stability of slopec cam be controlled (I:
0.3). ' '
A width of channel! can be the most narrow.
The coefficient of roughness is small (0.020).
Maintenance is casy. '

A considerable concrete volume is necessary.

: Sa_mf: as the type of concrete block (3D). The

coefficient of roughness is small (0.015).

Domestic supply of material is possible.
Manual construction is necessary.
Required slope is moderate- (1 to 2).

The coefficient of roughness is large (0.035).

Girder is not necessary.
Special foundation trecatment is  not
necessary.

The required concrete volume is larger as

_ compared with a concrete slab bridge.

The increase in the flow area is proportional

to the increase in' the water level.
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Pipe cuivert

RC Slab bridge

Steel l-girder bridge

Free overflow weir

with flush gate

Sluice gate

Pump

Mostly ‘precast concrete. made.  The placing of
concrele at site is difficult, ‘ .
Accordingly a pipe culvert . is suitable for

only small scale works.

Girder is . not nccessary, _
Foundaiion works may be necessary.

' The required concrete volume is small,

The original river section therein can be

secured.
The span length should not cxceed 10 meters.

- A girder with a depth of less than 500 mm is

available if the span length is less than
10 meters | |
Foundation works may be necessary.

The original river section therein can be
secured. |

The construction cost is high,

Major work is concrete works,

Operation for flood control is unnecessary.
Only simple water level control can be.
afforded. |
Maintenance is easy.

Durability of structure is high.

-Major work 'is metal works.,

Operation is necessary.

Power for operation is necessary.

- A complicated water level control can be

afforded.
Maintenance is necessary.

Durability of structure is rather high.

Major work is metal works.

Operation is necessary.

6-18



- Power for operation is necessary.

- A complicated water level control can be
afforded.

- Water can discharged from lower elevation to
higher elevation.

- Maintenance is necessary.

- Durability is low.

The typical channel scctions and reveiment works are shown in Fig. 6.3."

Fig. 6.4 presents the typical bridge and culvert.

6.7.2  The Hong Ke System

Thé Honé Ke system compriscs' the Hong Thong canal, the Khoua Khao
canal, Nong Chanh retarding basin and the Hong Ke canal. Further the Hong .
Thong canal may be. divided into the storage pond, the crossmg canal at
mommg market and the narrow canal along the proposed bus terminal. The
Khoua Khao canal is also designated to be a storage pond in order to regulated

the infiow as much as possible.

However the alrea available for the Hong Thong and the Khoua Khao
storage ponds are restricted for about 25m on an average by Khoun Boulom
road and residential houses. The flow velocity in the high water channel is set
at 0.8 m/s and no revetment work of concrete block s necessary.for both
ponds.  Meanwhile the ponds should discharge the low flow from the urbanized
areas in the dry season. To handle the low flow discharge, the compound
sections are provided to both ponds. - The concrete block of 3D is provided in the
low flow channel. Thereby the cleaning of the low flow channel by flushing

 become easy.

The hydraulic analysis cntailed that the elevations of the sill of the
crossing canal in the moming' market are EL166.0m at the lowest rcach and
E11663m at the uppermost reach .Meanwhile the ground elevation of the
'market is around EL 168.5m. The canal should discharge the design flow of
about 15.5 m3/s within' this space. Accordingly, no space for the girder could
be allocated from the cléaraﬁ'ce of 1.9m. Consequently 2 lanes of box culverts

with a length of 270 m are provided in the portion.
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The portion from the culverts mentioned ~above up to the proposed Nong
Chanh retarding basin is narrowed by the proposed bus terminal and Khoun
Boulon road. The discharge therein is about 20 nﬁ/s including the runoff
from the remnant catchment area. The bank slopes’ shouild be steep to secure
the flow section. Further the coefficient of roughness should be the minimum
to minimize the l.oss due to the friction. -~ Jn this respect, a channel with a single
section of which the bottom width is 6 m is planned and  the revetment works of

concrete block and slab of 3 dimensions with finishing work is provided.

The Nong Chanh rctarding basin regulate flood  discharge with a flood
control space of 0.12 x 106 m3. The slope of the bank can be gentle, And the
coefficient of roughness is insignificant from the technical view point. The
revetment works of stone masonry is proposed to provide a preferable
conditions to fauna and flora. It is expected to produce a good scenery view

which well fit o the views of Vientiane.

A concrete free overflow weir is provided at the outlet of the 'proposed
retarding basm. The elcvatmn of the weir crest is dcsngnated to be FL166.0 by
“the hydraulic ana!ysxs. The spill-out from the free overflow section avoid a
complicated operation during the flood. The discharge of 31.8 m3/s requires a
weir length of -22.0 meters at the flood water level of EL167.0. In order to flush
the sands and solid materials silted in front of the weir, a sand flush of a steel
sluice gate system is provided. The opcration. thereof can be- éarricd.oht
anylime of high water period. Fig. 6.5 shows the views of the weir with flush

gale.
The Hong Ke is divided into two stretches as folloWs;

Stretch 1 : From the weir to the bridge of Ban Fay (370 m)
Stretch 2 : From the immediate downstream from the bridge to the
outlet to the That Luang (2200 m)

The following alternative combinations of channel section and-
- revetment works for the channel: are compared to obtain the most

advantageocus plan for the improvement of ihe Hohg Ke.



Single section Compound section

‘Stretch Channel :
Case 1 Case 2 Case 3 Case 4 Case §
Stretch 1 HW channel - - SOD  CB2D CR3D
LW channel CB2Dh CB3D CB2D 2D CB2D
Stretch 2 HW  cannel - - SO B CB2D
LW ~channel CB2D CB2D .- CB2D CB2D CB2D

Where CB2D and CB3D mean the revetment works by concrete block for 2

dimensions and for 3 dimensions  respectively. The cases are fcatured as
follows;
Case 1 : - The construction work such as excavation. is simple.

- The discharge of low flow may have difficulties.
- A stage wise construction is not suitable.
Case 2 ¢ - The construction wdrk- is simple.
- The width of the stretch 1 can be narrow.
- The volume of concrete is large.
- The discharge of low flow may have difficulties.

- A stage-wise construction is not suitable.

Case 3 : - The discharge of low flow ‘is smooth.
- ‘The multipurpose utilization of the high water channel is
afforded. |
- A stage wisc construction may be applied.
- The construction works such as excavation become
complicated.

.- Concrete volume is small

Case 4 : - The _discharge.of the low flow is smooth. _
- The multipurpose atilization of the high water channel is
not afforded.
- A stagc-Wisc construction may be applied.

- ‘The width of the stretch 1 is narrdw.



- The construction works such as excavation is a liltle
complicated,

- The concrete volume is large.

Case 5 : - The discharge of the low flow is smooth.
- The stage wise construction is applicable for up:‘_ai]d
downstrecam  reaches.

- The concrete volume is large.

The costs: for concrete and the construction of  bridges dominated the
costs presented above. Applying the tentative unit prices discussed in- seciion

2.8, the construction cost is cstimated for each case as follows;

Case 1~ US$ 24x 100
Casc 2 = US$ 3.1x 106
Case 3 US$ 1.7x 100
Case 4 US$ 2.7x 106
Case 5 US$ 33x 100

Based on the above comparison, Case 3 was adopted.

Ban Fay road which connect the residential and commercial zone located
in the south of the Nong Chanh 10 .thc national high way, route .13, crosses the
Hong Ke about 370 m downstream from the outlet of the Nong Chanh. The road
has 1wo lanes and has a heavy traffic. The Hong Ke passes under the road
through the double-laned box culverits with a widih of 24'm each. The box
culvert is to be demolished and a rigid type bridge -will be provided. The bridge
may have four spans with a length of 53m each. In order to save the spécc
for the clearance a bridge with girders was not. considered, Thc. width of the
bridge is as wide as 17.0m and the concrete slab bridge is not adopted,

Another municipality road crosses the Hong Ke at its outlet io the That
Luang. The road has two lanes and the width ‘thereof is 9.0 m including ihe.
shoulders.  The Hong Ke¢ passes under the road through - the . cofrugate :pipes,
The pipes are to be demolished and a concrete slab bridge will be prowded Th.e
bridge may have a total length of 31 m' and three spans.



At the same site, an irrigation canal crosses the Hong Ke along the road
described above. The design discharge of the canal is 100 I/s. The elevation of
the canal sill is EL165.4 and be submerged by the flood water level of EN.166.0.
‘An aqueduct is provided along the bridge. The duct of a plastic pipe is
removable and be folded during high flood which suhmcrgc the duct so thal it
will not dlb[lll'b the flood flow.

At present, several wooden bridges cross the Hong Thong and the Khoua
Khao. for- private uses. Since both canals arc improved and the width thereof
are énlarged to have sufficient spaces for water impounding, the wooden
bridges ‘should be demolished and new bridges are to be constructed to

compensate.

- Typical sections of pipe “and box culverts that connect the lateral and
main - canals are shown -in Fig. 6.6. The proposed cross section and facility plan
“are illustrated - in  Fig. 6.7 and Fig.6.8. The longitudinal profiles and ‘typical

cross sections are shown in Fig. 6.9.

6.8 Principal Féaturcs of the Proposed Hong Ke System

As discussed in the previous sections, the comparauve study for the Hong
Ke system entailed that the case which envisages a compound section with a sod
facing works is the icast costly alternative . In this case the Nong Chanh
retarding basin  discharge flood water through the weir with a free overflow
section. The ‘case is the most preferable plan in view of. environment as well.

Consequently the case is adopted for the feasibility plan.

The principal features of the feasibility plan are proposed as presented

below.  An image of the impro'ved channel are shown in Plate 4.9,

Design water level :

“That Luang _ EL 166.0
The Nong Chanh' retarding basin (FWL) " ElL 167.0
The Nong Chanh _retarding basin (LWL) El 166.0
The Hong Thong storage pond (FWL) | EL 168.0
Thé ‘Hong Thong storage pond (LWL) - El. 167.0



The Khoua Khao storage pond (FWL)
The Khoua Khao storage pond (LWL)

The Hong Ke channel :

Design discharge (Max.)
Design dischargé (Min.)
Length

Width (Max.)

Revetment works (compound)
Nos. of bridge _
Movable “aqueduct (100 lit.fsec)

The Nong Chanh retarding basin :

Storage volume

Surface area |

Length of spillway (weir)
Type of gate (steel)

Nos. of gate leaf

Revetment works (Stone masonry)

Culvert in the Hong Thong :

Design discharge
Length

Nos. of lane

Required flow section
Elevation of sill (Outlet)
Elevation of sill (Inlet)

The Hong Thong storage pond

Storage volume (Compound section)

‘Revetment works (Concrete block)

Concrete headrace channel to the Nong
Chanh retarding  basin (Single scction)

Nos. of bridge

‘El, 167.0
'El, 166.0

58.1 m3/s
31.8 m3/s
2570 m
3422 m

5140 m

5
40 m

0.12 x 106 m3
12 ha |
21.0m
Sluice

1 leaves
4000 m

15.5 m3/s
270 ‘m
2nos

12.0 m?
ElL 166.0
El. 166.3

16,000 m3
2260 m

400 m
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