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PREFACE

Japan International Cooperation Agency (JICA) decided to conduct the preparatory survey
and entrust the survey to Nihon Suido Consultants Co., Ltd.

The survey team held a series of discussions with the officials concerned of the
Government of Lao People's Democratic Republic, and conducted a field investigation. As a
result of further studies in Japan, the present report was finalized.

I hope that this report will contribute to the promotion of the project and to the
enhancement of friendly relations between our two countries.

Finally, 1 wish to express my sincere appreciation to the officials concerned of the
Government of Lao People's Democratic Republic for their close cooperation extended to the
survey team.

January, 2013
Masami Fuwa
Director General,
Global Environment Department
Japan International Cooperation Agency



Summary
1 Overview of Lao PDR
QD Natural Conditions

Lao People's Democratic Republic (Lao PDR) is located west of the East China Sea, in the center of
the Indochina Peninsula. Lao PDR is a landlocked country bordered by Myanmar and China to the
north, Thailand to the west, Vietnam to the east, and Cambodia to the south. The country occupies
236,800 km?, and the population was estimated to be approximately 6.26 million people in 2010.

Thakhek district is the most populated area of Khammouane province (16,961 km?); located in the
south central part of Lao PDR Thakhek occupies an area of about 980km?. The Mekong River flows
on the west side of Thakhek and mountains flank the east side. The total population of Thakhek
was estimated to be 86,376 in 2010.

Thakhek has a tropical monsoon climate. The rainy season is from May to October and the dry
season is from November to April. The average annual rainfall during 2007 to 2011 was 2,350 mm
and the average temperature was 26.7 C.

2 Background of the Project
Q) Background

The Prime Minister issued Decision No. 37/ PM, dated 30 September 1999, on Management and
Development of the Water Supply Sector for Lao People’s Democratic Republic (Lao PDR).
According to this Decision, the Government prepared a sector investment plan (SIP) to provide
24-hour water supply to 80% of the population in urban areas by the year 2020.

Thakhek is one of the most important cities in terms of political and economic activities. However
not only is severe water shortage a serious inconvenience for the citizens in the service areas,
extending water distribution pipelines to the unserved areas is also a huge challenge .

In July 2009, the Government of Lao PDR (the GOL) made a request to the Government of Japan
(GOJ) for Grant Aid for the Thakhek Water Supply Development Project in Khammouane Province,
to cope with such circumstances. The GOJ entrusted the Japan International Cooperation Agency
(JICA) to examine the viability of the Project. JICA is the official agency for implementing Japanese
Government’s technical assistance and expediting proper execution of Japan’s Grant Aid. Hence,
JICA decided to conduct a Preparatory Survey and sent the JICA Preparatory Survey Team (JPST) to



Lao People's Democratic Republic.
)] Current Situations and Issues

Groundwater Wells
In Thakhek, the three (3) existing wells (with a total of water intake at 4,000 m*/day in rainy season

and 2000 m*/day in dry season) constructed by the EU in 1995 are the water resource of the city. The
water quality of some of the wells has deteriorated over time and the water quantity severely reduced
due to drought conditions.

Existing Water Treatment Plant
The existing KM4 Water Treatment Plant was constructed by the Government of Lao PDR in 2001

near the roundabout of Road No. 13 and its treatment capacity is 2,500 m*/day.

The steel structures at the existing plant are badly rusted and there is leakage at the steel base plate
and wall. The H-shaped steel used for column and beam is corroded and parts are missing. Even
under such conditions, in order to meet the increased water demand, the existing plant has been to
operating beyond its designed capacity (3,000 to 6,000 m*/day) throughout the year.

The floating intake facility consists of 4 ground pumps and 2 submersible pumps which take water
from the Mekong River. Two pumps are running and convey raw water to the existing KM4 WTP.,

(©)] Project Purpose

The Prime Minister issued Decision No. 37/ PM, dated 30 September 1999, on Management and
Development of the Water Supply Sector for Lao People’s Democratic Republic (Lao PDR).
According to this Decision, the Government prepared a sector investment plan (SIP) to provide
24-hour water supply to 80% of the population in urban areas by the year 2020.

The objective of the project is to achieve the above goal in Thakhek District, the capital city of
Khammouane Province. To achieve the objective, the scope of the project includes construction of

a new water treatment plant, installation of pipelines and technical assistance for operation and
maintenance of the new water treatment plant and management of the water distribution system.

3 Results of Preparatory Survey and Scope of Project
Q) Results of Preparatory Survey

Based on the request from Lao PDR, JICA dispatched a preparatory survey team three times to Lao
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PDR as follows.

1% Field Survey:  January 17, 2012 to February 24, 2012
2" Field Survey:  April 1, 2012 to June 1, 2012
3" Field Survey:  November 6, 2012 to November 10, 2012

The preparatory survey team conducted investigations of existing water supply system and socio
economic conditions and the team also conducted topographic surveys, geotechnical surveys and
water quality analysis on a subcontracted basis.

Results of field investigations in Lao PDR and analysis in Japan are as follows.

1) Future of Existing Water Treatment Plant

The Lao Government constructed an intake pumping facility (float type) and a water treatment plant
(2,500 m®/day) at the Mekong River in 2001.

Currently, steel structures of the existing water treatment plant such as flocculation and
sedimentation basins are badly corroded and the facility is operating at over capacity (approximately
4,000-6,000 m*/day).

The existing facility could be decommissioned or rehabilitated and its operation integrated with the
new plant. In order to make a decision between these two options, the respective cost implications
were evaluated for projected water demands. For both cases, the preliminary project costs, O&M

costs, sustainability, and required number of operators were determined and compared.

It is concluded that abandoning the existing plant is more advantageous. Therefore, planning and
preliminary design are based on a water supply system with only the new water treatment plant.

2) Production Capacity of the New Water Treatment Plant

Based on future water demand forecasts the new water treatment plant must have a capacity of
15,000 m3/day to provide 24-hour water supply to 80% of the population in urban areas by the year
2020,

2 Scope of the Project

1) Water supply facilities

Scope of the water supply facilities that would be constructed is as follows;



Intake facility

Facility/Equipment

Spec and structure

Intake Intake Well Main Structure | Reinforced concrete construction
Facility (Vertical Pipe Round shape: Inside diameter 7.50 m x Depth 19.12 m
Driving Pit) (Maximum water depth 18.56 m)
Building on Reinforced concrete construction
the Tower One side Rectangle and the other side round shape: long side
10.55 m x short side 5.75 to 7.10 m xH 5.45 m
Intake Pump Intake Pump Submergible pump 3 units (2 operation, 1 stand-by)
Equipment Q=5.73m*min h=25m P=45 KW 3®380V 50Hz
Emergency 200 KVA (soundproof type, built-in fuel tank)
Generator
Control Room Total floor area: 48.0 m?
Uses; office room (for 2 persons), lavatory, warehouse,
emergency generator

Raw Water Transmission Facility
Conveyance Pipe

DIP®450 mm, L=550 m

Water treatment plant

Facility/Equipment

Scale and Structure

Water
Treatment
Plant

Receiving Well

Reinforced Concrete Structure

Internal Dimension: 1.80 m width x 3.20 m length x 3.00 m
depth

Volume and Detention Time: V=17.3 m®, T=1.5 min

Rapid Mixing Tank

Reinforced Concrete Structure

Internal Dimension: 1.80 m width x 6.70 m length x 2.40 m
depth

Volume and Detention Time: V=28.9 m®, T=2.5 min

Flocculation Basin

Reinforced Concrete Structure

Slow Mixing Method: Vertical channel bands flocculator

Internal Dimension:  7.95 m width x 7.55 m length x 4.20
m height x 3.59 m average effective
depth

Quantity: 2

Sedimentation Basin

Reinforced Concrete Structure

Horizontal-Flow Sedimentation Basin

Supernatant Collecting System: Collecting Trough +
Submerged Orifice
Internal Dimension:  8.05 m width x 31.00 m length x
(350 m water depth + 030 m
accumulated sludge depth)

Quantity: 2

Rapid Sand Filter

Reinforced Concrete Structure

Internal Dimension:  3.00 m width x 10.50 m length

Quantity: 4

Filter Sand Thickness: 100 cm

Underdrain System:  Porous Filter Bed Method

Filtration Rate: V=131 m/day (120-150 m/day)

Flow Control: Lower Part Control Method

Backwash Method: ~ Simultaneous Backwash Method by
Air and Water




Facility/Equipment Scale and Structure

Treated Water Reservoir Reinforced Concrete Structure Using Flat Slab Structure
. Quantity: 2

Effective Volume: ~ V=1,500 m? (750 m® x 2)

Effective Water Depth: H=4.00 m (3-6 m)

Detention Time: T=2.2 hours (T=1 hour)
Internal Dimension:  12.00 m width x 16.00 m length x
4.70m height
Chemical Feeding Facility Alum, Calcium Hypochlorite, and Polymer
Power Generator/ 450 KVA (Soundproof type, Equipped with Internal Water
Generation Room Tank)
Equipment Floor Area: 24 m?
Administration Building Reinforced Concrete Structure, Four Stories Building, Total
Floor Area: 784 m?
Usage:
1st Floor: Manager Room (1 person)

Staff Room (5 persons)
Laboratory (2 persons)

Toilet
Chemical Storage (1st-2nd Floor
Stairwell)
2nd Floor: Meeting Room
Monitoring Room
Toilet
3rd and 4th Floor: Chemical Dissolving Tank (2 + 2
tanks)
Dosing Pump Room
Common: Staircase
Emergency Stair: External Spiral Staircase (1F-RF)
Transmission and distribution pipelines
Facility Component
System Facility/Equipment
Transmission | Transmission Pump ¢250 mm x @200 mm Horizontal Single Suction Volute
Pump Pump
(at Chomekeo 5.21 m*/min x 98 m 160 kW x 3 units (1 stand-by)
WTP) Pump Well (Clear Water Reservoir)
Transmission Main WTP to Pakdong ET (Design Flow Q=4,262m*/day)

DIP®250-300 L=6,100m

General Laying Works, Pipe Bridge x 1 place

WTP to KM4 Reservoir (Design Flow Q=10,738m*/day)
DIP®350-400 L=4,800m

Distribution | Elevated Tank Pakdong Reinforced Concrete Structure, Round shape

Elevated Tank | Number of Tank:1 Tank

Effective Capacity : V=700m°, Effective Depth: H=5.00m
HWL: +195.00m, LWL: +190.00m

Dimension: Diameter ®13.50 m x Height 15.00m
Foundation Type: Pile Foundation

KM4 Elevated | Reinforced Concrete Structure, Round shape

Tank Number of Tank: 1 Tank

Effective Capacity : V=600m? Effective Depth:H=5.00m
HWL: +209.00m, LWL: +204.00m

Dimension: Diameter ®12.40 m x Height 18.00m
Foundation Type: Spread Foundation




Facility Component
Distribution Main Material : ®350(DIP), ®300~®100 (HDPE)
Length :®350 L=578m, ®300 L=2,318m
®250 L=9,992m, ®200 L=5,795m
®150 L=8,998m, ®100 L=12,051m
General Laying Works, Laying by hanging on to the road
bridges x 2 places

2) Procurement of Equipment

To secure adequate water treatment and sound operation of the new water treatment plant, equipment
for water quality analysis will be procured under Japan’s grant aid. Equipment which will be
procured is as shown in the following table.

Water Quality Parameter Name of Equipment Qty
pH Desk top pH meter with electrode 1
pH comparator (BTB-type) 1
Color Color meter 1
Turbidity Desk top turbidity meter 1
Residual chlorine Residual Chlorine Meter 1
Alkalinity Refer to Table 4.1-3 -
Coagulation test Jar-tester 1
Others Glass wares 1set
Other equipment Water purification system 1
Analytical balance 1
Draft chamber (Fume food) 1
Laboratory table 1

3) Technical Assistance

Training in the following 2 areas will be provided under the technical assistance component of this
project.

1. Operation and Maintenance of the WTP

2. Distribution System Control

4 Project Implementation Schedule and Project Cost Estimate

(D) Project Implementation Schedule

The project implementation schedule is prepared for multiple fiscal years considering scope of the



project and time required for respective implementation phases. During the first fiscal year,
detailed design will be carried out. Following the detailed design, tendering, procurement, and
construction work will be implemented. Detailed design will take 5.0 months, tendering will take
3.5 months and procurement and construction will take 26 month.

2 Project Cost Estimate

Electrical supply to the new intake facility and the new water treatment plant, installation of
distribution mains and sub mains and removal of the existing water treatment plant will be
implemented by Lao PDR. Total project costs borne by Lao PDR will be about 1,640,500 USD
(132 Million Japanese Yen).

5 Project Evaluation

5-1 Relevance

Project Beneficiaries

The water supply system in Thakhek will be developed and improved by implementation of this
project. The service ratio in the urban area of Thakhek will increase from 50% in the year 2010 to
80% in the year 2020. By 2020 the population served will have doubled from 25,000 to 50,000.

Urgency of Project Implementation

The quality of treated water has deteriorated because the existing water treatment plant is forced to
operate under a heavy overload. Steel structures at the water treatment plant are rusted and
corroded and frequent repair work hinders plant operation. The current water service ratio in the
urban area is only 50 % and improvement and development of the water supply system is urgent and
indispensable to public health.

Consistency between the Project and Lao PDR Planning
GOL set the target of water service ratio in urban area as 80 % by year 2020 and the Project will
assist Lao side to achieve this target.

Conformity to Japanese ODA Policy to Lao PDR

GOJ policy is to focus its ODA in Lao PDR on improving the civil infrastructure. A functional
water supply system is one of the most important pieces of civil infrastructure and the project
conforms to the policy of Japanese ODA.



5-2 Effectiveness

The project is expected to provide the following beneficial effects:

Tangible Effects

Construction of a new water treatment plant (15,000m*/day) and expansion of distribution mains will

enable an increase in the served population and service ratio as shown on table below.

Table 1 Tangible Effects

- Target(Year 2020)
No. Indicator Baseline Figure 5 years after Project
(Year 2010) )
Completion
Served Population 25,029 49,880
Water Service Ratio in Urban 50% 80%
Area
3 | Water Supply Capacity (Daily 7,151 14,250

Average Basis)
(m*/day)

4 | Water Supply Capacity (Daily 8,600 17,000
Maximum Basis)
(m3/day)

5 | Rate of Facility Utilization 110% 83%
(Daily Average Basis)

6 | Rate of Facility Utilization 132% 100%
(Daily Maximum Basis)

Intangible Effect

1. Existing intermittent water supply conditions are caused by dropping groundwater levels and
operational stoppages at the existing deteriorated treatment plant. The project will improve
the situation by providing a stable supply 24 hours a day and will eradicate worries about water
supply.

2. Public hygiene conditions will be improved by achieving an 80% service ratio. More people
will be able to access safe water supply and it will result in fewer cases of water related illness.

3. The quality of treated water has deteriorated because the existing water treatment plant is forced
to operate under a heavy overload The new water treatment plant will increase the production
capacity and the water treatment process will supply safe and hygienic water.
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Chapter 1  Background of the Project
1-1 Project Background

The Prime Minister issued Decision No. 37/ PM, dated 30 September 1999, on Management and
Development of the Water Supply Sector for Lao People’s Democratic Republic (Lao PDR).
According to this Decision, the Government prepared a sector investment plan (SIP) to provide
24-hour water supply to 80% of the population in urban areas by the year 2020.

Thakhek is one of the most important cities in terms of political and economic activities. However
not only is severe water shortage a serious inconvenience for the citizens in the service areas,
extending water distribution pipelines to the unserved areas is also a huge challenge.

In July 2009, the Government of Lao PDR (the GOL) made a request to the Government of Japan
(GQJ) for Grant Aid for the Thakhek Water Supply Development Project in Khammouane Province,
to cope with such circumstances. The GOJ entrusted the Japan International Cooperation Agency
(JICA) to examine the viability of the Project. JICA is the official agency for implementing Japanese
Government’s technical assistance and expediting proper execution of Japan’s Grant Aid. Hence,
JICA decided to conduct a Preparatory Survey and sent the JICA Preparatory Survey Team (JPST) to
Lao People's Democratic Republic.

1-2 Natural conditions

Topographical, route alignment, geotechnical and water quality surveys were carried out to

determine basic design conditions for the proposed project sites. The surveys are outlined below.

(1) Topographic and Alignment Surveys

Topographic surveys

Topographic surveys were carried out at the proposed sites for the intake, WTP, elevated tank and at
the existing WTP. At the proposed intake site, a cross sectional survey of the revetment along the
Mekong River was included because the angle of the revetment is relatively small and the feature

should be considered when studying the design of the intake facility.

Alignment surveys

The project area has a rolling terrain and it is necessary to consider the introduction of elevated tanks
and high pressure transmission lines. Alignment surveys were carried out along the proposed

transmission and distribution pipeline routes.



(2) Soil quality surveys
Results of standard penetration tests are summarized for each site. Depths are referenced to average
ground level.

Proposed river intake site

Bed rock (50 or more blows) is located at 20m.

Proposed WTP site

Bed rock (50 or more blows) is located at 20m. Clayey sand (15 or more blows) was found at 5m.

Proposed elevated tank site

The surface layer is clayey sand (10 or more blows) to a depth of 20m. Bed rock (50 or more blows)

is located at 20m.

Existing WTP (Proposed elevated tank) site

The surface layer is clay to a depth of 10m. The bed rock layer (50 or more blows) is located at 10m.

Proposed pipe bridges

Additional surveys were carried out for the planned water pipe bridge sites located at rivers and hilly

areas.

(3) Water quality survey

The water supply facilities related to the project (wells No.1 & No.2, raw water intake from the
Mekong and the treated water at the existing plant) were selected for the water quality survey. The
wells were sampled twice (1 in the dry season and 1 in the wet season). Raw water and treated water

were sampled 3 times (2 in the dry season and 1 the in wet season).

Wells

Well No.1 is located approximately 400m away from well No.2. The water quality of the two wells
is similar. Alkalinity and hardness are comparatively higher than general drinking water standards
which may be caused by the soil conditions in the surrounding area. Alkalinity and hardness are not
toxic to humans but they do affect the taste. The main concerns are organic materials in the dry
season and levels of aluminum at well No.1 in wet season which exceeded the standard values.
Continuous monitoring should be implemented at both wells as far as they are utilized as raw water

sources.

Raw and treated water at the existing treatment plant

The proposed treatment plant will take raw water from the Mekong River as does the existing one.



The basic treatment process of the proposed treatment plant will also be similar to the existing one.
The raw water’s turbidity and color are high but reduced to acceptable limits by the existing
treatment process. The levels of lead and aluminum exceed the standard values. They are not found
in every test but continuous monitoring should be implemented. Organic materials and e-coli exceed
the standard values as well.

It is assumed that inadequate coagulant dosage causes poor treated water quality at the existing plant.
This problem can be improved by introducing a jar tester to the proposed plant to ensure adequate
coagulant dosage.

Ammonia is detected in the raw water but levels are expected to be reduced by the addition of
sufficient chlorine to achieve a residual concentration of 0.5-0.7mg/L in the treated water. It is noted
that changes in the residual chlorine concentration are not monitored at the existing plant.
Monitoring of the residual chlorine and coagulant dosage are essential for quality and safety of the

water supply and both are proposed at the new treatment plant.

1-3 Environmental and Social Considerations

D Outline of project components that have environmental and social impacts

The project consists of an intake facility, WTP, (transmission / distribution) pipes and
distribution reservoirs. The planned sites for facilities (the intake, WTP and reservoirs) are
unoccupied, NPKM-owned lands or public lands with approval for the intended use. No
resettlement actions were or will be required at the proposed sites. All pipelines will be
constructed under public road right of way and there are no resettlement issues.

The intake facility will use pipes which will be built within the river bank and will not occupy
any space in the river. Thus, impacts to the river ecosystem should be insignificant. There is no
impact to wildlife habitat at other sites and no significant considerations for the ecosystem.

Evaluations by the JPST and stakeholder meetings confirm that there are no significant adverse
impacts caused by the project.

The environmental and social considerations check list which summarizes the survey results is
shown in Appendix 7-4.

2 Existing environmental conditions

(2)-1 Meteorological phenomenon

Thakhek has a tropical monsoon climate, with a pronounced rainy season from May through
October, a cool dry season from November through February, and a hot dry season in March
and April. The average temperature is 26.7 degree C; and the average rainfall is 2,350 mm.



Average precipitations and temperatures in Thakhek are shown in Figure 1.3(2)-1.
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Figure 1.3(2)-1  Average rainfall and temperature

(2)-2 Geography

Thakhek is the capital and the most populated city in Khammouane Province (16,961km?)
which is located in the central area of Lao PDR. It has an area of 980km? with the Mekong
River to the west and mountains to the east. The main rivers (i.e. the Xian Long River, the
longest and the Don River) start from the eastern mountain area which encompasses Mt. Phana,
the tallest mountain (653m) and snake through the western plains to the Mekong River.

The geology is mainly Carboniferous overlain by Permian limestone, a predominantly
carbonatic series composed of thick limestone beds with some intercalations of chert and shale
beds. The limestone forms the cliffs and steep mountains. The Carboniferous causes
high-hardness in groundwater.

(2)-3  Water regime

a. Water quality

Water quality surveys for the project-related groundwater and the Mekong River were carried
out.

Groundwater from NPKM raw water wells has higher alkalinity and hardness than normal
drinking water. It is assumed that the geology affects the water quality. Having slightly high
organic materials is another feature but not so significant. The main concerns are organic
materials in the dry season and levels of aluminum at well No.1 in wet season which exceeded
the standard values. Continuous monitoring should be implemented at both wells as far as they
are utilized as raw water sources.



Mekong River water has high values of turbidity and color but reduced to acceptable limits by
the existing treatment process. The levels of lead and aluminum exceed the standard values.
They are not found in every test but continuous monitoring should be implemented. Organic
materials and e-coli exceed the standard values as well. Ammonia is detected in the raw water
but levels are expected to be reduced by the addition of sufficient chlorine. Monitoring of the
residual chlorine and coagulant dosage are essential for quality and safety of the water supply
and both are proposed at the new treatment plant.

b. Mekong River flowrate

The average flow rate of the Mekong River at Thakhek for the past 10 years is shown below.
The figure shows the significant difference between wet seasons and dry seasons. The range is
from 1,800 to 21,700m*/sec. In March, 2010 (known as the abnormal dry season), 1,367 m°/sec
(118,108,800 m®/day) was recorded. By comparison the planned intake amount of 16,500
m*/day would account for only 0.014% of 118,108,800 m*/day. It is obvious that even in an
abnormally dry season the intake would have a negligible impact.

Mekong River (Thakek) Flow Rate
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Figure 1.3(2)-2  Average flow rate of Mekong River in Thakhek

(2)-4 Protected areas

The eastern mountain area which encompasses Mt. Phana has dense forests that are protected in
nationally and provincially designated areas. The most eastern water supply service zone for
the project is a residential area which is 200m outside the boundary of the provincially protected
area. The service area and the protected area are separated by a river. DNRE concurs that
construction operations in the service area as well as other sites will not affect protected areas.

(2)-5 Fauna & flora

a. Wildlife

There are no official surveys on wildlife in or around the proposed construction sites. The result
of a questionnaire survey targeting 200 households shows that wildlife has been spotted in and
around the proposed construction sites. Wild boar, Muntjak deer and Pheasant have been seen



on rare occasions. It is assumed that these animals were just passing through and do not inhabit
the immediate area because the number of sittings is low. Thus, the construction is not expected
to have an impact on wildlife or on their habitats.

Table 1.3(2)-1 Wildlife in and around construction sites

Wildlife Discovery Rate (%) | No. of Answer
Never seen 98.5 197

Wild boar 0.5 1

Muntjak deer 0.5 1

Pheasant 0.5 1

Source: JPST

b. Fish

Many kinds of fish live in the Mekong River near Thakhek but there is no survey data in the
limited area around the proposed sites. JPST conducted interviews with fishermen and people
near the river. The result is shown below and it is assumed that the 34 different kinds of fish are
common in the area.

Table 1.3(2)-2 Fish found in Mekong River near Thakhek

No. | Scientific Name Lao Name Popularity
1 Carpio Pa nay um
2 Nilolius Panine L1
3 Hemibagrus filamentus Pa kot um
4 Botia nigrolineata Pa kieo kai (11
5 Cirrhinus Siamensis Pa soi L1
6 Pangasius Pleurotaenia Pa yon (11
7 Pangasius Elongatus Pa yon nou (11
8 Cirrhinus molitorella Pa keng L L]
9 Oxyeleotris marmoratus Pa bou [ ]
10 Helicophagus Waadersii Pa Na nou [ 1]
11 Hypsibarbus or spp. Pa pak (11
12 Labeo chrysophekadion Pa phia u
13 Puntioplites Falcifer Pa sakang (11
14 Wallago attu Pa khao (11
15 Hampala dispar Pa sout [ 1]
16 Chelalaubuca Pasieu ao um
17 Paralaubuca typus Patep [ 1]
18 Bagrius Yarrelli .sp Pa khe ]
19 Hemibagrus wyckioides Pa Kheung ]
20 Chitala blanci Pa tonkai um
21 Chitala ornata Pa tong khuoi [ 1]
22 Cirrhinus microleps Pa Phone L L]
23 Cyclocheilichthys enoplos Pa Jok [ 1]
24 Hampala macrolepidota Pa Sout [ 1]
25 Mekongina Erythospila Pa sa ee L 1]
26 Micronema apogon/M.Bleekeri Pa Nang/Pa nang Heung (11
27 Notopterus notopterus Pa Tong Na L1
28 Osteochilus Husseltii Pa Etai um
29 Pangasianodon Hypophthamus Pa Xuoign [ 1]
30 Pangasius Bocourity Pa Yang (11
31 Pangasius Conchophilus Pa Phor (11




No. | Scientific Name Lao Name Popularity
32 Pangasius Macronema Pa Yon Khao (11

33 Probarbus Jullieni Pa eun Ta Deng [ 1]

34 Probarbus Labeamajor Pa Eun Khao um

Source: JPST

c. Vegetation

Vegetation in Thakhek consists of forested areas to the east (protected forests and national
conservation forest) and the plain attached to the Mekong River to the west with agricultural

and residential areas.

With the exception

of the protected forests vegetation consists mainly of shrubs and
miscellaneous trees. Tropical rainforests are located on the mountain sides but there are no

high-density forests on the plain.

[ Residential land and others
B Wetland

Protected forest
= | National conservation forest

Production forest
Thakhek

city center

Forest plantation land

= Cropping field
Rice paddy field
Grass land

Source: DNRE
Figure 1.3(2)-3 Vegetation of Thakhek

(©)) Existing social conditions
3)-1 Population and ethnic groups

a. Population

Thakhek is the fifth most populated city in Lao PDR and has a population of approximately 90
thousand. The average population growth rate is 2.2% and the change over the past 5 years is
shown below in Table 1.3(3)-1. The change in population in the target areas are shown in Table

1.3(3)-2.




Table 1.3(3)-1 Shift of population (Thakhek)
Y2007 Y2008 Y2009 Y2010 Y2011

Population of
Thakhek
Source: Thakhek District Office

84,701 85,555 85,580 87,310 88,229

Table 1.3(3)-2 Shifts of population (Target areas)

Service zone Name of villages 2007 2008 2009 2010 2011
Al Mouangsoom 1,544 1,537 1,542 1,597 1,612
A2 Paksimang 481 485 496 483 519
1. (A) A3/J9 | Laophokham 1,073 1,084 1,091 1,199 1,147
' A4 Donmalai 1,182 1,187 1,195 1,310 1,612
A5 Nongmieng 746 762 753 767 721
A6 Thadoua 976 988 996 1,017 1,622
2. (B) B Pakdong 1,642 1,654 1,676 1,766 1,799
3 () C Sivilay 974 982 991 1,002 1,007
' C?2 Phonsitha 1,197 1,198 1,204 1,258 1,142
D1 Ngnavay 614 619 617 628 616
) D2 Maiphosi + Kokhali 602 608 611 635 612
' D3 Phonesoung 746 774 793 876 1,077
D4 Namdon 448 456 465 434 417
5. (B) E 1/H2 | Phonsaat 2,178 2,185 2,192 2,399 2,387
E 2/H3 | Souksavanh 2,067 2,088 2,099 2,262 2,000
6. (F) F1 Phonephim 1,084 1,095 1,097 1,116 1,113
F2 Nabouab 792 797 804 896 992
G1 Dongmouagkai 1,416 1,418 1,439 1,494 1,386
7. ©) G2 Tane 1,004 1,014 1,013 1,074 1,020
G3 Tham 929 993 938 984 976
G4 Louang Ngoua 874 878 883 915 868
8 (H) H1 Viengvilay 1,594 1,668 1,680 1,897 1,830
' H4 Santisouk 1,580 1,579 1,584 1,594 1,542
11 Somsaath 1,402 1,416 1,426 1,430 1,377
12 Phonsanam 1,887 1,890 1,898 1,884 1,979
13 Nabo 972 979 983 991 888
9. () 14 Somsanook 1,519 1,528 1,595 1,704 2,389
15 Chomphet 1,498 1,503 1,507 1,575 1,754
16 Thakeak neua 1,202 1,211 1,224 1,236 1,270
17 Chomkeo 1,274 1,277 1,298 1,384 1,322
18 Nameung 1,011 1,023 1,049 1,051 1,048
J1 Chomthong 1,718 1,731 1,736 1,848 1,734
J2 Nongbouakham 1,688 1,694 1,698 1,749 2,678
J3 Thakeak kang 1,210 1,219 1,227 1,223 1,386
J4 Donekheunxang 1,195 1,203 1,210 1,225 1,415
10. (J) J5 ChomCheng 674 686 697 713 697
J6 Nabong 1,589 1,591 1,594 1,682 1,740
J7 Laophoxay 1,238 1,242 1,246 1,277 1,187
J8 Houaynangli 1,362 1,369 1,376 1,432 1,448
J10 Thakeak tai 506 514 517 578 539
Total 47,688 48,125 48,440 50,585 52,868

Source: Thakhek District Office

b. Ethnic groups
Five different ethnic groups can be found in Thakhek: Lao (majority), Phoutai, Mekong, Xek

1-8




and Hmong. The only ethnic group in the project area is Lao.

Table 1.3(3)-3 Ethnic groups in Thakhek

Ethnic group Rate (%)
Lao 94.3
Phoutai 1.3
Makong 2.0

Xek 2.0
Hmong 0.4

Source: Thakhek District Office

(3)-2 Socio-economic conditions

a. Outline

Population by occupation (Table 1.3(3)-4), indicates that the number of students is significantly
large. On the other hand, Table 1.3(3)-5 shows that the number of elementary schools (146) is
large compared to the number of advanced schools (4). This data indicates that a large portion of
the population is young.

Table 1.3(3)-4 Population by Occupation (2011)

Occupation Population rate (%)
Student 345

Agriculture 27.2

Self employed 13.6

Retailer / Service business | 9.6

Elderly / Preschool 8.7

Civil service 3.4

Company employee 3.0

Other 2.0

Source: Thakhek District Office

Table 1.3(3)-5 Important infrastructure

No | Important infrastructure | Number
Educational

1 Primary School 146

2 Secondary School 3

3 Collage 1
Medical

1 Hospital 3

2 Regional Medical-care Station 12

Source: Thakhek District Office

b. Agriculture

Agriculture occupies a large share of all industrial activity in Thakhek. Table 1.3(3)-6 shows the
breakdown and indicates that sticky rice is the main crop in Thakhek. This fits the large land
area dedicated to rice fields shown in the Figure 1.3(2)-3.



Table 1.3(3)-6 Major crops of Thakhek

No. | Agriculture Production Unit in Ton

Y2010 Y2011
1 Sticky rice 37,377 46,324
2 Leaf vegetable 5,565 6,426
3 Chili 195 195
4 Cassava 532 700
5 Sweet potato 500 500

Source: Department of Agriculture

C.

Fishery

Data on fishing activity was not obtained because there is no regulatory authority or fishing
association in the area. The information shown below was provided by the Department of
Agriculture that is responsible for overseeing fishing activities.

i) Fishing activities found in the Mekong River in Thakhek are not occupational.

ii) Noise and vibration during the construction of the intake facility may give some impact to
fishing activities but it is going to be no problem since it shall be very brief.

iii) Compensation to fishermen is not necessary.

(3)-3 Land use

Grasslands and low-tree lands occupy more than 30% of the total area and more than 50% when
shrub and heath are included. Agricultural lands account for approximately 20% of the whole.
Buildings under construction can be seen in the city but residential/transportation land
occupancy is still low (3.5%). For the time being, even in the city center, houses are not dense.

Land use situation in Thakhek, 2011 is shown below.

(3)-4
a.

River water is not used for irrigation. The only water use that needs to be considered by the

Table 1.3(3)-7 Land use (Thakhek, 2011)

No Kind of Use Area (ha) %

1 Grassland / Low Tree 30205.0 30.8
2 Agricultural land 23059.5 20.8
3 Shrub / Heath 22783.9 23.3
4 Rock / Barren Lands 9669.5 9.9
5 River 3910.8 4.0
6 Evergreen 3606.3 3.7
7 Residential 2985.4 3.1
8 Water / Ponds 834.7 0.9
9 Transportation land 388.8 0.4
10 Cannel 366.5 0.4
11 Empty land 199.3 0.2
Total 98,010 100

Source: DNRE

Water use and Water rights
Water use




project is fishing.

Small scale fishing activities (ten or more small boats for 1 to 2 people) were observed morning
and evening within sight of the proposed intake construction site. The construction plan was
explained to 10 people who were fishing near the site. They were invited to the stakeholder
meeting but they did not raise any critical concerns.

b. Water rights

An intake of 16,500m*/day was agreed by Ministry of Public Works and Transport in according
with Article 9,14 and 15 of the Law on Water and Water Resources No 02-96 and Prime
Ministerial Decree No 204/PM,.

4) Institutional framework for environmental and social impact assessment of water
supply projects

(4)-1 Legal requirements

Legal requirements for IEE and EIA are stipulated in the Law on Water and Water Resources

(1996), the Environment Protection Law (1999), the Environment Protection Law (2010) and

the Decree on Environment Impact Assessment (2010). Every water supply project in Laos

requires an IEE study but no EIA.

The relevant laws and regulations are shown below.

Table 1.3(4)-1 Environmental Social Consideration Legal System

No. Law, Degree and Standards
1 Law on Water and Water Resources (No. 02-96, dated 11,0ctober,1996)
2 Environment Protection Law (No. 02/99/NA, dated 3. April.1999)
3 Degree on Environment Protection(No. 102/PM, 4.June.2001)
4 Water Supply Law (No.04/NA, dated 9.July.2009)
5 Degree on Environment Impact Assessment (N0.112/PM, dated 16. February.2010)
6 Agreement on the National Standards (No.2734 /PM, WREA, dated 7. Dec.2009)
7 Degree on Mandate of Water Resources and Environmental Administration , No0.149/PM, dated
10.May.2007
8 Degree on Compensation and Resettlement of People Affected by Development Projects, No 192/MP, dated
7.July.2005
9 Road Law (1999)
10 Electricity Law (1997),
11 Forestry Law (1996 and updated 2008)
12 Agreement on the National Environmental Standards (2009), stipulating;
Surface Water Quality Standards
Groundwater Quality Standards
Soil Quality Standards
Ambient Air Quality Standard
Noise Standard
Wastewater Discharge Standards
Air Emission Standards

Source: JPST

(4)-2  Organizations involved in assessing environmental and social Impacts
The organizations responsible for overseeing the assessment and mitigation of environmental




and social impacts of the project are shown below.

Land use management section

Forest resources management section

Mineral mining section

Meteorology section

Information section (GPS, Maps,Law,Regulation)
. Administration and Financial section

10. Administration Management and Inspection

DPWT v | Minictrv of Natiiral Reanireee & Enwviranment (MNRE) |
. h I
UDAA L ) Department of Natural Resources & Environment (DNRE)
/_—/71 in KH.prov.
Dep. of Labour & | /A \ 4
Social Welfare . Unit of Natural Resources & Environment in Thakhek district
Environment section (EIA / IEE)
Dep. of Water Resources section
Agriculture Land use allocation section
v

Thakhek District
Health Office

© o NGO~ LWDNE

Source: JPST
Figure 1.3(4)-1 Outline of Environmental Social Consideration Organizations

(4)-3 EIA procedure
The IEE report review and approval procedure is shown below. The IEE report for the project
was approved on June 6™, 2012 by DNRE.

Project Developer] (Department of Public Works and Transport)
| (Investment Project)

IDepartment of Natural Resources and Environment (DNRE)|
| Screen Within 15 days
@/ 2.EIA | 3.Notnecessary (<< —according to Agreement 697)

[IEE (Initial Environmental Examination)]
Project Developer

| delegate

| start IEE

| Consultation meetings (following the Guidelines on Public Involvement)
PProject Developer]

| |EE report

IDevelopment Project Responsible Agency (DPRA)|

| start reviewing
within 5days —> Local administration & concerned agencies
! < — comments within 20 days



l summarize comments

DNRE

| make decision

To issue the environmental compliance certificate

To continue to assess

To reject

Source: JPST, based on “Decree on Environmental Impact Assessment (Prime Minister’s Office, 2010)”

Figure 1.3(4)-2 The procedure of IEE reporting for reviewing and approval

The IEE report includes the following mandatory contents:
I Introduction

1. Law and Regulation

1. Project detail

V. The environmental situation of the present project area

V. Participation by the head and local authority of the villages

VI. Impact assessment during of the project construction and implementation
VII. Prevention and reduce impact of the environment

VIII. Social and environmental management action plan

IX. Conclusion and recommendation

(4)-4 Differences between JICA guidelines and the national IEE and EIA process.
Overall there is no significant difference because they both require an IEE study for the project.
However, some detailed items that are in the JICA guidelines are missing in the national process
such as identifying the responsibility for holding a stakeholder meeting, providing a scoping
statement and a review of alternatives. In order to satisfy the JICA guidelines as well as the
national requirements, the necessary studies were carried out by the JPST and the results are
discussed in this report.

(5) Comparison of alternatives
(5)-1 Intake sites QB N

Three alternatives for raw water intakes are T

idered: —— Road
considered: ] site

i) no river intake: use a groundwater source instead ~~ Mekong]
i) river intake at Site-A: the site is owned by ‘%
NPKM but further from the proposed WTP than %%
Site-B.

iii) river intake at Site-B. the site is about 500m
closer to the WTP but land acquisition and

resettlement are necessary.

Source: JPST
Figure 1.3(5)-1 Schematic of sites

As the result of comparison shown below, Site-A was adopted because it has less environmental



impact and does not require land acquisition or resettlement.

Table 1.3(5)-1 Alternatives comparison (intake facility sites)

Without the project | Alternative-1 Alternative-2
(ground water use) | Site-A Site-B
Ground subsidence A — —
(unknown)
Water source amount A — -
(unknown)
Cost A A (smaller)
Geographical features A — —
Land acquisition — — A
Resettlement — — X
Result of comparison Rejected Adopted Rejected
Conclusive aspect Env!ronmental Minimum impact Resettlement
impact
[Legend] —:Noimpact, x: Large adverse impact, I : Adverse impact, o : Positive effect, [ : Significant positive

effect

(5)-2 Type of intake facilities

Three alternatives for type of intake facility are considered:

i) intake tower: built in the river as a permanent facility suitable for the intake of ten thousand or
more tons per day.

ii) intake pipe: built in the river bank as a permanent facility

iii) floating pump: set on a raft which is usually used as a temporary facility suitable for the
intake of a few thousand tons per day.

The project proposes a WTP of 15,000m*/day for 80% of water supply rate with expectation of
expansion in future. Constructing an intake tower or intake pipes may have adverse
environmental impacts, however, the construction period and the facility’s use of land is limited.
Introducing a floating pump costs less but additional ones will have to be installed as the
capacity increases in the future.

As the result of the comparison shown below, constructing an intake tower or intake pipes
should be adopted because of the reliability of the facility and the scale of the project.
Furthermore, with consideration on the cost, Intake pipes were adopted.



Table 1.3(5)-2 Alternatives comparison (intake facilities)

Alternative-1 Alternative-2 Alternative-3

Intake tower Intake pipes Floating pump
Water source amount © © O.(A>

(short in future)
Cost X VAN © (4>
(necessary in future)
Geographical features VAN A (smaller)
Environmental impact A A —
P (temporary) (temporary)
Reliability (durability) O O A
Result of comparison Rejected Adopted Rejected
Conclusive aspect High-cost Capability unreliable
[Legend] — : Noimpact, x : Large adverse impact, 2 : Adverse impact, O : Positive effect, © : Significant

positive effect

(5)-3 WTP sites (including the “without project” option)

Three options are considered:

i) no new WTP: i.e. no project therefore no site required

ii) Constructing the WTP at Site-A: the site is closer to the intake and although it is wide enough
it doesn’t have enough space for future expansion

iii) Constructing the WTP at Site-C. the site is further from the intake but has more space for
future expansion

As the result of the comparison shown below, Site-C is adopted because it has more space for
future expansion and does not require any future land acquisition

Table 1.3(5)-3 Alternatives comparison (WTP sites)

Without the project Alternative-1 Alternative-2
Site-A Site-C
Water source amount X O ©
A
Land to be expanded (short) O
. X
Construction cost — VAN
(larger)
_ A
Land acquisition (to be short)
Result of comparison Rejected Rejected Adopted
Conclusive aspect Short of supply Less effective Effective
[Legend] — : Noimpact, x : Large adverse impact, A : Adverse impact, O : Positive effect, © : Significant

positive effect



(5)-4 Distribution pipe routes

Two alternative routes for distribution pipes are considered: i) Short distance route and ii)
By-pass route. The short distance route costs less but goes through residential areas and has
many bends. ii) The by-pass route is longer and goes through agricultural lands thereby
avoiding town center.

As the result of the comparison shown below, the by-pass route is adopted because it has a
smaller social impact and is easier to construct.

Table 1.3(5)-4 Alternatives comparison (distribution pipe routes)

Alternative-1 Alternative-2
Short distance route By-pass route

Distance (cost) A X

Construction process (time & cost) X A

. X X

Affected population (much larger) A

Result of comparison Rejected Adopted

Conclusive aspect Less effective Effective

[Legend] — : Noimpact, X : Large adverse impact, A : Adverse impact, O : Positive effect, © : Significant

positive effect

(5)-5 Distribution reservoir (including the “do nothing” option)

Four options are considered i) do nothing: no change to the existing system ii) Construction of
pressure boosting facilities instead of a reservoir, iii) Construction of a distribution reservoir at
the currently proposed site and iv) Construction of a distribution reservoir at another site. The
land for option iii) is public and approved for the proposed use. Other sites for option iv) have
yet to be located and could require land acquisition.

As the result of the comparison shown below, option iii) Constructing a distribution reservoir in
the currently proposed site is adopted because it has a lower cost and does not require land

acquisition.

Table 1.3(5)-5 Alternatives comparison (intake facility sites)

Without the project | Alternative-1 Alternative-2 | Alternative-3
(no modification Site-A Site-B Site-B
Supplied water amount X (short) O O O
Land acquisition cost — — — X
Construction cost - A X X
Running cost — X X A A
Involuntary resettlement - - - -
Y (possibility)




Without the project | Alternative-1 Alternative-2 | Alternative-3
(no modification Site-A Site-B Site-B
Result of comparison Rejected Rejected Adopted Rejected
Conclusive aspect Misdistribution of High cost Effective Land acquisition
water supply

[Legend]

positive effect

(6) Scoping

— : Noimpact, X : Large adverse impact, A : Adverse impact, O : Positive effect, © : Significant

Scoping is defined as the process of identifying the content and extent of the environmental
information to be submitted to the competent authority under the EIA procedure. Scoping of the
water supply facilities and the reasons for the evaluation are shown in the table below.

Table 1.3(6)-1 Scoping

Item Evaluation | Reason

1 Air pollution D No adverse impacts are expected

2 Water pollution C Turbidiness might be produced under construction of the intake facility
3 Soil pollution D No adverse impacts are expected

4 Waste B Due to construction waste (soil, pavement and other) and sludge waste
5 Noise and vibrations B Due to noise and vibration according to construction and transfer

6 Ground subsidence D No adverse impacts are expected

7 Offensive odors

8 Geographical features | B Due to building the foundation of the intake facility

9 Bottom sediment D No adverse impacts are expected

10 Biota and ecosystems

11 Water usage

12 Accidents B Due to accidents during construction and operation of WTP

13 Global warming D No adverse impacts are expected

14 Involuntary

resettlement

15 Local economies

16 Land use B Due to dust and turbidiness production under construction

17 Social institutions D No adverse impacts are expected

18 Existing social

infrastructures and

services

19 Poor, indigenous, or | C Study on possible impacts to poor, indigenous, or ethnic people is necessary
ethnic people

20  Misdistribution of | C Study on possible misdistribution of benefits and damages is necessary
benefits and damages

21 Local conflicts of | D No adverse impacts are expected

interest

22 Gender

23 Children’s rights

24 Cultural heritage

25 Infectious diseases | B Long stay of external labor workers is expected and prevention measure of
such as HIV/AIDS infectious diseases such as HIV/AIDS is necessary

[Evaluation]

A : Large adverse impact is expected, B : Some adverse impact is expected,
C : An adverse impact is indistinct,

D : No adverse impact is expected

1-17




@) JPST terms of reference for review of environmental and social impacts

(N-1 Purpose of the preparatory survey

The purpose of the survey at this preparatory stage is to predict and assess the contents and scale
of possible impacts to the natural and social environment by the water supply and sewer system
project which is outline-designed in *“Thakhek Water Supply Development Project in
Khammouane Province in Lao PDR”.

(N-2 Items targeted by the JPST survey

In principle, items that received an A, B and C in the scoping table should be reviewed and
evaluated. In addition, other items that are identified as the survey proceeds should also be
included.

(N-3 Target areas
Target areas are proposed construction sites and the surrounding areas of the project facilities.
For the time being, access roads are not included.

(7)-4  Target periods
Target periods are the stages of planning and execution of the project.

(7)-5 Methodology

a. Scope of work

The information to be collected and the typical countermeasures that will be reviewed by JPST
are presented in Table 1.3(7)-1.

Table 1.3(7)-1 The study and countermeasure associated with the project

Evalu- | No. | Item Study / Countermeasure
ation
B 4 Waste . Estimate of soil produced and used

Confirmation on treatment methods of construction wastes, general
wastes and human wastes / Confirmation on reception facilities

Estimate of sludge produced by WTP

Confirmation on sludge reception facilities

5 Noise and . Suggestion on noise measurement before construction, prediction and
vibrations countermeasure

Study on construction site and surrounding area including special facilities
such as hospitals, school and so on

Suggestion on low-noise and vibration type machineries for pipelines
constructions

Suggestion on countermeasure such as reducing noise and vibration of
transport of construction materials and so on

8 Geographical . Minimizing the scale of change of river bottom geography caused by a
features foundation of the Intake facility
12 | Accidents . Suggestion on thorough safety measures under construction / in




Evalu- | No. | Item Study / Countermeasure
ation
operation of WTP
16 | Land use . Prevention of duct by watering under construction of WTP and so on.
Study on preventing turbidiness production under construction of the
intake facility
25 | Infectious diseases . Consultation with associated authorities (Department of Health) and
such as HIV/AIDS related organization
C 2 Water pollution . Study on preventing turbidiness production under construction of the
intake facility
19 | Poor, indigenous, . Hearings on the existence of poor people with Thakhek district office
or ethnic people
20 | Misdistribution of . Consultation with related authorities / Hearing from inhabitants by
benefits and questionnaire
damages
b. Prediction and evaluation of the impacts by the project

Prediction and evaluation of the impacts which may be caused by the project should be conducted
for items evaluated as A, B or C in section (6) Scoping.

Each item should be re-evaluated as the survey proceeds and the scoping table should be updated
accordingly. Subsequently, items with an A and B shall be evaluated in terms of the extent.

C. Consideration of the Environment Management Plan (EMP) and the monitoring plan
In case that unavoidable environment impacts by the project are expected, the EMP to mitigate the
extent of impacts and the monitoring plan to grasp the condition should be prepared in accordance
with consultation with the authorities concerned. For both EMP and the monitoring plan,
considerations for executing the items, frequency, organization, necessary reinforcement of the
organization and budget should be provided.

d. Stakeholder consultation
The results of the Environmental and Social Consideration study mentioned above shall be presented
at a stakeholder consultation and the stakeholders’ opinions shall be collected.

(8) Prediction and assessment of environmental impacts

The scoping shown in Table 1.3(6)-1 was updated based on the EIA study items identified in Table
1.3(7)-1, The predicted impacts, evaluation results and the mitigation measures are presented in
(Table 1.3(8)-1). The table includes the proposed EMP measure for each item.




Table 1.3(8)-1 Result of Prediction and Evaluation

Z
o| 2
£ =
Items g| 8 Reason / Mitigation measure
| 2
©
>
m
High turbidity water is not supposed to be produced by sheet piling. Sludge from
) water [ | B WTP will be introduced into a sludge pond to be separated into sludge and
ollution supernatant. Environment impacts are avoided because only clear supernatant water
P will be discharged. However, it is recommended to monitor the discharged water.
EMP Monitoring discharged water
Estimated excavated soil is 30-60m® which can be stored in a space of 5.5m x 5.5m
with 2m height. Construction waste and general waste can be accepted in the Sanitary
Landfill Site which is under control of UDAA. Human waste is also under control of
B |B UDAA and received by sanitary vehicles. UDAA permits for discharging sludge from
4 Waste WTP, however, the sludge is planned to be dumped in landfill sites. It is confirmed
that any kind of waste mentioned above can be accepted in private companies.
Thus, any kind of waste can be accepted and no impacts are expected. However, it is
recommended to monitor the treatment of wastes.
EMP Monitoring the treatment of wastes
B | B | Due to noise and vibration according to construction and transfer
5 Noise and Baseline measurement and prediction are planned in the DD stage. As mitigation
I measures, stipulation such as low-noise / low-vibration type machineries and
vibrations EMP L. . . . -
restriction of slowing down vehicles should be described in the TOR for the
contractor.
. B | B | Due to building the foundation of the intake facility.
8  Geographical - - PP —
The design and construction process minimizing geographical impacts are planned. In
features EMP o\ . A .
addition, the area to be impacted is limited to several dozen square meters wide.
Due to accidents during construction and operation of WTP. The design ensures the
B | B | safety of the structure and manuals ensures the safety of operation and maintenance
12 Accidents . ty y P
activities.
EMP Thorough safety management
Due to dust and turbidiness production under construction. Sheet piling should
16 Land use B | B | prevent the significant turbidiness for intake facility construction. For other facilities,
the sites shall be bare land temporarily, so the countermeasures are necessary.
EMP Countermeasure by watering, covering, etc.
19 Poor,
indigenous, or | C | D | Nopoor, indigenous, or ethnic people inhabit in the site.
ethnic people
20
Misdistribution c b No possible adverse impacts are expected. (result of consultation with the authority
of benefits and and stakeholder meeting)
damages
25 Infectious Long stay of external labor workers is expected and prevention measure of infectious
- B [B . .
diseases such as diseases such as HIVV/AIDS is necessary.
HIV/AIDS EMP Utilization of sanitary program / Consultation with local health authority
[Evaluation] A : Large adverse impact is expected, B : Some adverse impact is expected,

C : An adverse impact is indistinct,

D : No adverse impact is expected




9 Mitigation measures and the cost

a. Mitigation

Based on the results identified in section (8) Prediction and assessment of environmental
impacts mitigation measures to be taken are shown in the Environmental Management Plan
(EMP). The contents should be updated according to modifications made at subsequent stages
of the project.

b. Cost
The cost of mitigation measures is included in the construction and O/M cost. Therefore, it is
not necessary to estimate mitigation cost in terms of Environmental Social Consideration.

(10) EMP / Monitoring Plan
The EMP prepared during the preparatory survey is shown below.

Table 1.3(10)-1

Environmental Management Plan (draft)

No. | Item Parameter | Mitigation measure Cost Eggﬁgyng Supervisor
| Planning phase
1 Land _ _ j _ _
acquisition
Baseline Noise . . Construction DNRE /
2 study (dB) Noise study for baseline cost Contractor NPKM
1 Construction phase
Speed restriction for vehicles
3 Noise Adoption of low-noise / low-vibration
(dB) type machineries Construction Contractor DNRE /
Consideration on working hours cost NPKM
4 . Dust Watering / Covering / Speed restriction
5 Construction Land use Watering / Covering on demand
and transfer -
Compliance of the Labor law clause 42 De of
“Safety measure and working condition” Construction Hegith /
6 Accident | Sanitary management (water for washing Contractor
: ) cost Dep. of
/ first-aid box) Labour
Adeqguate signing / Fencing
General Collection and dumping of waste
and including placing dust bins in the working Construction
7 human camps and all the construction sites / cost Contractor | UDAA
- Set and maintenance of temporary
Working waste lavatories
condition Dep.  of
8 Public Sanitary management of the working | Construction Contractor Health /
sanitation | camps/ Consultation with the authority cost Dep. of
Labour
9 Construction \(/g/(?lsiae and Adequate disposal to dumping sites | Construction Contractor | UDAA
liquid) including liquid waste such as oil cost
11 Operation phase
. Construction
: Compliance of O/M manuals by Dep. of
10 WTP Accident constructor or NPKM (l:\IOPS;[(M /| NPKM Labour
operation  yater — : NPKM
11 pollution Monitoring discharged water quality (O/M cost) NPKM DNRE

The monitoring plan required to ensure that mitigation measures are implemented is shown
below. The contents should be updated according to modifications made at subsequent stages of
the project.




Table 1.3(10)-2

Monitoring Plan (draft)

Item Indicator Venue Freq | Standard Supervisor / Report
uency Executing agency
Planning phase
M-1: (dB) The sites and 2 Agreement on the DNRE / PMU, Monitoring
Noise the times | National Environmental reports to
surrounding Environmental Consultant DNRE
areas Standard 2010 ( Part (2times)
11, Article 4 (4.4))
Construction phase
M-2: (dB) The sites and 2/year | Agreement on the DNRE / PMU, Monitoring
Noise the National Environmental reports to
surrounding Environmental Consultant DNRE
areas Standard 2010 ( Part (2/year)
I, Article 4 (4.4))
M-3: Frequency The sites and 6/year | Agreement on the Ditto Monitoring
Dust and amount of | the National reports to
watering surrounding Environmental DNRE
areas Standard 2010 ( Part (6/year)
11,Article 4 (4.3))
M-4: Outline of The sites and 2lyear | N/A UDAA / PMU, Monitoring
Collection and waste (kind worker camps Environmental reports to
disposal and amount) / Consultant UDAA
(excavated waste (2/year)
solid / management
construction in the sites
and worker
waste / general
camps
waste) and
placement of
dust bins
M-5: Details of The sites and 2/year | Labor Law, 2007, Dep. of Labour & | Monitoring
Labor safety accidents and | worker camps Charter 6: Social Welfare / reports to Dep.
management injuries Prevention of PMU, of Labour &
and signing / Labour, Article 42 Environmental Social Welfare
fencing Consultant (2/year)
M-6: Compliance The sites, the 2/year | The program by Dep. of Labour & | Monitoring
Health and of the surrounding District Health Social Welfare, reports to Dep.
sanitation for program by areas and Office (Basic District Health of Labour &
labor workers District worker camps knowledge on Office / PMU, Social Welfare
and the public Health Office HIV/AIDs, Sexually | Environmental and District
transmitted Consultant Health Office
Diseases, (2/year)
Prevention
methods)
Operation phase
M-7: TSS Discharge 12/ye | Agreement on the DNRE / NPKM Recording
Water pollution channel ar National (12/year)

Environmental
Standard 2010 ( Part
11, Article 5 (5.1))

An example of the cost for implementing the monitoring plan is shown below. The index shown
in the table above (M-1 to 7) corresponds to the ones in the tables below. The contents should
be updated according to modifications made at subsequent stages of the project.




Table 1.3(10)-3 The cost for monitoring in planning and construction phase (draft)

Item Station | Time Unit price Cost (USD)
(USD/Station/Time)

M-1: Noise (baseline) 15" 2 (for averaging) 5 150

M-2: Noise (construction phase) 15" 5 (2/year x 2.5year) 5 375

M-3: Dust 15" 15 (6 /year x 2.5year) | 3 675

M-4: Monitoring collection and disposal | 20™ 5 (2/year x 2.5year) 3 300

(excavated solid / construction waste /

general waste) and placement of dust bins

M-5: Monitoring labor safety 15" 5 (2/year x 2.5year) 2 150

management and signing / fencing

M-6: Monitoring health and sanitation 60" 5 (2/year x 2.5year) 2 600

for labor workers and the public

Alliances for monitoring agencies - 7 100 (USD/Time) 700

Overhead cost 1,700

Tax 1,000

Total 5,650

*) 3 stations around each facility (intake / WTP / distribution reservoir) (9stations)+1 station for each 5 major area

for pipelines +1 spare station=15 stations

**)  15stations of *)+5 stations from worker camps = 20stations
***)  15stations of *)+ 3 habitants for each 15 stations (45 people)+ 15 workers as camp residents=60 people

Table 1.3(10)-4 The cost for monitoring in the operation phase (draft)

Item

Station | Time | Unit price (USD/Station/Time)

Cost (USD)

M-7:  TSS (Yearly)

1 12 App. 4.00

48

(1) Stakeholder consultation

Project affected inhabitants were interviewed by a local consultant hired by the project
executing agency (DPWT/NPKM). JPST carried out a questionnaire survey to gather opinions
and requests from inhabitants regarding the implementation of the project. The majority of the
inhabitants indicated a preference for an early start to improved water supply conditions.
Careful consideration of the inconveniences caused by the construction was not high on the list

of concerns.

In addition to interviews and surveys, a stakeholder consultation meeting was held because
holding one at the IEE report preparation stage is stipulated in EIA regulations. The outline of

the meeting is shown below.

Table 1.3(11)-1

The outline of stakeholder consultation

The first
Purpose Consultation on the scoping draft and study measures
Date 18/5/2012
Convention room of the Department of Public Work and
Venue

Transport, Thakhek




- Project outline

Theme - Scoping draft / study measures / results up to date
- Consultation

Stakeholder Table 1.3(11)-2

Table 1.3(11)-2 The Stakeholder consultation attendants

Affiliation No.
Khammouane Province (DPWT / Dep. of 9
Environment / Dep. of Health / Dep. of
Agriculture / Dep. of Infrastructure /
Publication sections)
Thakhek City (Deputy mayor / Dep. of 4
Agriculture, etc.)

Inhabitants (including fishermen) 51
JICA Preparatory Survey Team 7
Total 71

At the stakeholder consultation meeting, JPST presented an outline of the project as well as the
draft scoping document. Results of the study to date and study measures were provided by
DPWT and NPKM.

Subsequently, discussion with the participants was held. Main discussion topics focused on
location of pipeline construction, methods of construction / treatment method for construction
waste and sludge from WTP / water quality of newly supplied water / water supply rate.
Accordingly, it was explained that all concerns had been adequately considered. As a result, no
significant concerns were recorded.

Anonymous opinions were collected from participants in order to consider as many concerns as
possible. Major concerns were; compliance with international construction standard / disposal
methods for excavated soil / dust prevention / stable water supply / enhancement of service area
/ water quality improvement / request for permanent facilities / high quality facilities / early start
of service / mitigation of intake facility construction / sufficient capacity and quality of elevated
tank, etc.

A record of the concerns and proposed countermeasures were disclosed and publicized at a later
date.



Chapter2  Contents of the Project

2-1 Basic Concept of the Project
2-1-1  Overall Goal and Project Objective

Overall Goal : To provide 24-hour water supply to 80% of the population in urban areas by the
year 2020.

The Prime Minister issued Decision No. 37/ PM, dated 30 September 1999, on Management
and Development of the Water Supply Sector of Lao People’s Democratic Republic (PDR).
According to this Decision, the Government prepared a sector investment plan (SIP) to provide
24-hour water supply to 80% of the population in urban areas by the year 2020.

Project Objective: To achieve 24-hour water supply to 80% of the population in urban areas by
the year 2020 in Thakhek District, the capital city of Khammouane Province, conforming to the
Prime Minister Decision.

2-1-2  Project Description

This project will develop the water supply system in Thakhek District and will also include
technical assistance (capacity building) for operation and maintenance of the water treatment
plant, water distribution, flow management and control system. Japanese assistance for this
project will include construction of the new raw water intake facilities and the new water
treatment plant, improvement of treated water transmission and distribution systems,and
procurement of water quality analysis equipment.

The major components funded by Japanese assistance can be summarized as follows:

e Construction of new raw water intake facilities, capacity: 16,500 m3/day
e Construction of new water treatment plant, capacity: 15,000 m*day
0 Rapid mixing basin

Flocculation basin (up-down flow type, 2 basins)
Sedimentation basins (2 basins)
Rapid sand filters (4 filter beds)
Clean water reservoir (1,500 m®)
Water transmission pumps (3 pumps including one stand-by)
Electrical and chemical facilities

0 Operations building
Installation of treated water transmission pipeline, length: 10.8 km
Installation of distribution mains, length: 39.7 km
Construction of two new elevated tanks, capacity: 700 m® and 600 m*
technical assistance (capacity building) for operation and maintenance of water
treatment plant and water distribution, flow management and control systems.

O O0OO0O0O0O0
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Figure 2.1.2-1 Project Components
2-2 Outline Design of the Japanese Assistance
2-2-1  Design Policy
2-2-1-1 Existing Facilities

@ Future of the Existing Water Treatment Plant and Capacity of New Water
Treatment Plant

The existing water treatment facilities of Thakhek are summarized below and a detailed survey

report for the existing facilities is shown in Appendix 7-1, Survey Results for Diagnosis of Existing

Facility.

In Thakhek, the three (3) existing wells (with a total of water intake at 4,000 m*/day in rainy season
and 2000 m*/day in dry season) constructed by the EU in 1995 are the water resource of the city.
The water quality of some of the wells has deteriorated over time and the water quantity severely
reduced due to drought conditions. As an emergency measure, the Lao Government, constructed an
intake pumping facility (float type) and a water treatment plant (2,500 m%day) at the Mekong River
in 2001.

Currently, steel structures of the existing water treatment plant such as flocculation and
sedimentation basins, are badly corroded and the facility is operating at over capacity
(approximately 4,000-6,000 m*/day).

The existing facility could be decommissioned or rehabilitated and its operation integrated with
the new plant. In order to make a decision between these two options, the respective cost
implications were evaluated for projected water demands in target years 2015, 2018 and 2020,
as shown below.



Table 2.2.1.1-1 Cases for Comparison

Cases for Target Year Water Demand Use of Abandon of Existing Water
Comparison (m*/day) Treatment Plant
Case 1 2015 12,000 EZ:Z i; XZanon
Case 2 2018 15,500 g:g gé X;?indon
Case 3 2020 17,000 EZ:Z g% XZanon

For each case, the preliminary project costs, O&M costs, sustainability, and required number of
operators were determined and compared. Results of these comparisons are shown in Tables
22.1.1-2,2.2.1.1-3,2.2.1.1-4.




Table 2.2.1.1-2 Case Study for Use or Abandon of the Existing WTP and for Alternative Target Years

Water Demand Supply Capacity (m3/day) Preliminary O&M Cost Required _NOS' of Ser-v|c.e
. - 5 Operators in WTPs Ratio in . L
Target (Daily Max) Case Project (Electrical Sustainabili Urban Population | Population in
Year m3/day Existing Existing New Total Cost Power Cost) y Exist. | New Total | Area Served Urban Area
(Required Capa.) Wells WTP WTP (Million Yen) (Ratio) wTP | wtp o)
Case 1
Life-time is unknown. Requiring
Case1-1 | 2,000 2,500 7,500 12,000 L00 | doatrepair work 6 9 15
2015 12,000 abeol ' 65 36,000 55,900
Case1-2 | 2,000 | Abandon | 10,000 | 12,000 096 |Hfe-timeisgererally 401050 | g 9
= years for concrete structures.
Case 2 =
c — —
Case2-1 | 2,000 2,500 11,000 | 15500 g 1.29 ;:rfog::; 'fe‘;r;'i‘r”\‘,’v"(‘)’:‘k Requiring | ¢ 9 15
2018 15,500 = sl ' 77 46,000 59,700
Case2-2 | 2000 | Abandon | 13500 | 15,500 S 125  |Hfetimeisgeneraly 401050 | g g
O years for concrete structures.
Case 3
Case3-1 | 2000 | 2500 | 12500 | 17,000 141 ;e'frfog::; 'fe:r;‘i(r”\‘l’v"gr”l; Requiring | g 9 | 15
2020 17,000 bt : 80 50,000 62,300
Case3-2 | 2,000 | Abandon | 15000 | 17,000 139  |He-timeigererally 40050 | g 9
years for concrete structures.

Note: Production capacity of 2,000 m®/day, stable capacity during dry season, was applied for existing groundwater wells.

O&M costs (Electric Power Costs) are the ratio when the cost of Case 1-1 is

These costs are for preliminarily purposes estimated from the past similar projects,
but not estimated from the exact drawings and quantities. Cost of "New WTP"

includes costs for intake facilities, clear & backwash reservoirs, etc. Costs of
“"New Trans. & Distri. System" includes costs for transmission mains, distribution
mains, and elevated tank. In case of abandon of the existing WTP, the head of
transmission pumps located in new WTP will increase because the amount of
supply water will increase.

assumed 1.0.
Table 2.2.1.1-3 Preliminary Cost Breakdown
Rehabili. of New Trans. &| Procurement | Consultant
Exist WTP New WTP Distri. System| of Equipment Cost Total
Case 1-1 4
Case 1-2 1
Case 2-1 bl
Case 2-2 Confidential )
Case 3-1 !
Case 3-2 . . i .




Table 2.2.1.1-4 Results of the Comparison

Aspects of Comparison

Results of the Comparison

Overall costs

In all cases, abandoning the existing water treatment plant requires less initial
financial input. However, integrating the operation of the rehabilitated plant to
the new one has some economical advantage.

O/M costs (electric power
costs)

More electric power will be required to operate the rehabilitated and new
plants.

Sustainability

The existing treatment plant will require significant repairs of the corroded and
deteriorated steel structures. It is difficult to estimate the extended lifetime of
the rehabilitated components. Furthermore, the subsequent routine repairs and
painting of these steel parts will interrupt operations periodically. From these

considerations, abandoning the existing plant has advantages.

required

Number of operators | More operators will be required to operate two plants.

It is concluded that abandoning the
existing plant is more advantageous.
Therefore, the planning and preliminary
design in this study are conducted for a
water supply system based only on the
new water treatment plant.

To provide 24-hour water supply to 80%
of the population in urban areas by the
year 2020, the new water treatment plant
must have a capacity of 15,000 m%day.
Projection of future water demand is
described in Section 2.2.2-1.

Water Demand and Facility Plan (Integration into New WTP)
18,000

— - -Day Awrage

Day Max ‘

16,000 -

14,000

12,000 - .-

10,000

New WTP (15,000 m3/day)
8,000

6,000

4,000

Water Demand and Facility Capacity, m3/day

2,000
Existing Well (Dry Season 2000 m3/day)
0 . .

2010 2012 2014 2016 2018
Year

2020

Figure 2.2.1.1-1 Water Demand and
Facility Plan

2 Application of Gravity Flow System from Elevated Tanks
The entire water distribution system in Thakhek District is shown in Figure 2.2.1.1-2. The
production facilities will consist of a new water treatment plant (Chomkeo WTP) and existing
groundwater wells. Water will be pumped to an existing ground reservoir (at KM4) and two new
elevated tanks (at KM4 and at Pakdong), and from there distributed by gravity to service areas.
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Figure 2.2.1.1-2 Entire Water Supply System

2-2-1-2 Natural Environmental Conditions

Water Levels of the Mekong River

Flow Condition of Mekong River Water Level at Thakhek

Maximum
—&— Plentiful

Normal

Droughty

Minimum

1976 1980 1984 1988 1992

Year
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The lowest water level was

observed in March 2010 at

1.39 m and the highest level 60
was 14.85 m in September o le
1995 during the period of 1968 '

to 2011. Fluctuation of water 2o r
levels in a year is more than 10 |5 100 [/
m. In recent years, the |3 o
decrease in water levels is |£ o
becoming a serious problem. a0 |
Because of big fluctuations in *0
water levels of the Mekong ® s 1072
River, an intake pipe facility is

proposed and designed to

secure stable water intake

during the wet and dry

seasons.

Topographical and Geological Conditions
Thakhek District is about 980 km?

Figure 2.2.1.2-1 Fluctuation of Mekong River

Water Level at Thakhek District

located along the west side of the Mekong River, with

mountains on its eastern border. It is the largest city in Khammouane Province (16,961 km?).
Since the urban area of Thakhek District is relatively flat, water distribution by gravity from the
reservoir and elevated tanks would be appropriate. Geological surveys were conducted and



topographical conditions analyzed to provide the basic understanding for the design of the
new facilities.

Water Quality

Groundwater

The groundwater distributed by NPKM contains rather high alkalinity and hardness compared
to general standards for drinking water. This may be caused by natural soil conditions. Heavy
metals and cyanide are not detected. The groundwater quality is judged safe for drinking.

Surface water (Mekong River water)

Water from the Mekong River contains high turbidity, color, organic substances and has
coliform counts exceeding allowable standard. Heavy metals and cyanide are not detected. It is
safe for use as raw water with the expectation that the treatment process will bring the water
quality to acceptable values. During the survey period, water quality analysis of the Mekong
River water was conducted and results of the analyses are shown in the table below.

Table 2.2.1.2-1 Water Quality of Mekong River Water

General Parameters
Parameter Dry Season Drinking Water Unit
(February, 2012) | Standard (LaoPDR)
pH 7.6 6.5-8.5 -
Color 85.0 5 Cu
Turbidity 63.0 10 NTU
Odor Soil Acceptable
Hardness 124 300 mg/L
Dissolved Substance 138 600 mg/L
Alkalinity 80.0 - mg/L
Organic Substance (KMnO4) 17.9 10 mg/L
Chloride lon 8.0 250 mg/L
Coliform 2.2 0 MPN/100 mL
Metals and Toxic Substances
Parameter Dry Season Drinking Water Unit (Lower Limit of
(February, 2012) | Standard (LaoPDR) Detection)
Arsenic Not detected 0.05 mg/L (<0.005)
Cadmium Not detected 0.003 mg/L (<0.01)
Chrome Not detected 0.05 mg/L (<0.02)
Mercury Not detected 0.001 mg/L (<0.0005)
Lead Not detected 0.01 mg/L (<0.02)
Copper Not detected 2.0 mg/L (<0.1)
Aluminum Not detected 0.2 mg/L (<0.1)
Iron 0.37 1.0 mg/L (<0.03)
Manganese Not detected 0.5 mg/L (<0.03)
Cyanide Not detected 0.07 mg/L (<0.01)
Ammonium 0.25 15 mg/L (<0.07)

Source: JICA Study Team

Turbidity data for Mekong River water were provided by the existing water treatment plant at
KM4. Data used in the basic design of the Vientiane Water Supply System were used as a
reference. Turbidity data obtained from the existing water treatment plant at KM4 for years
2010 to 2011 are shown in Table 2.2.1.2-2.



Table 2.2.1.2-2 Turbidity of Mekong River Water at
Existing Water Treatment Plant (KM4)

Unit : NTU
Year 2010 Year 2011
January 26.7 26.0
February 17.8 14.8
March 12.4 23.4
April 12.1 18.0
May 23.8 85.1
June 89.0 156.9
July 185.2 186.3
August 218.8 171.0
September 217.8 281.8
October 139.4 227.4
November 102.0 128.7
December 34.4 86.7

At the existing water treatment plant at KM4, the minimum turbidity was 12 NTU in April 2010
and the maximum turbidity was 282 NTU in September 2011. Average turbidity is about 100
NTU. However, in July 17, 2002, the turbidity of the Mekong River water at the Chinaimo
Water Treatment Plant in Vientiane reached 658 NTU.

According to the “Development Plan of Vientiane Water Supply System” in 2004, a maximum
turbidity of 4,600 NTU, was found in the past record of the Mekong River. In the basic design
of the Vientiane water supply, the turbidity levels used for the chemical feeding and water
treatment plant design were:

Maximum Turbidity : 6,000 NTU
Average Turbidity ; 450 NTU
Minimum Turbidity : 10 NTU

These turbidity levels were applied for the design of the chemical feeding system and plant
design in this study since the water source is the same Mekong River.

Protected Area

The mountainous area in the eastern side of Thakhek District is designated as National Protected
Area or Provincial Protected Area to safeguard the water resources. Water supply areas under
this study are not part of such protected area. The nearest water supply area is located on the
other side of the river about 200 m away from the protected area, and therefore, no impact on
the protect area is expected.

2-2-1-3 Socio Economic Conditions

The construction of the third Mekong Bridge was completed in 2011. This together with the
planned expansion of National Road No. 13 will cause increased traffic volume around Thakhek
District. Coping with traffic congestion and safety along the road will be a major concern
during pipe installation. . Good coordination among relevant agencies regarding pipe
installation location will be critical and essential.

2.2.1.4 Construction and Procurement Conditions
Pipe material choices include steel p (SP), ductile cast iron (DIP), and polyvinyl chloride

(PVC). In recent years, high density polyethylene (HDPE) is also used, for instance in the
KOICA Sebangfai Project.



The pipe materials were selected in terms of reliability, resistance under pressure, ease of
handling, cost, and availability in Laos, as shown below.

Raw and treated water transmission mains are of primary importance among all pipelines.
Therefore, DIP is selected for these pipelines since this material has high strength against
external load and high water pressure such as water hammer. For the same reason, DIP is also
applied for distribution mains over 350 mm diameter,. For distribution mains under 300 mm, the
less expensive HDPE and PVC are choices for distribution mains. HDPE is chosen over PVC
because of its relatively low leakage risk. These pipe materials can be imported from third
countries, depending on costs and manufacturer’s experience.

2-2-1-5 Utilization of Local Contractors

Several large local contractors in Laos have experience in the construction of treatment plants,
river intake facilities, reservoirs, transmission and distribution pipelines. These local contractors
will be sub-contractors under the management of the Japanese contractor.

2-2-1-6 Operation and Maintenance Staff Requirements

The capability of of NPKM will be strengthened to manage the new water supply system in
Sebangfai District which started its operation in June 2012, and the new and expanded water
supply system in Thakhek District. This study will examine the requirement for additional
staff.

The existing water treatment plant at KM4 is operating at 3,000 to 6,000 m®/day, well beyond its
designed capacity of 2,500 m*/day. Chemical feeding is not controlled adequately. To establish
sound operation and maintenance systems for the new water treatment plant, technical
assistance (capacity building) on plant operation and maintenance and controlling water
transmission will be provided.

2-2-1-7 Other Design Constraints

The water treatment plant is designed to operate with the minimal required mechanical and
electrical equipment and the chemicals available in the country.

Transmission and distribution mains are designed to be installed away from paved roads to
avoid excessive vehicle load. Depth of pipe installation is designed to conform to NPKM
standard. Reliable pipe materials are selected to reduce probability of water leakage.

For road crossing and river crossing, existing culvert will be used as much as possible and
external concrete protection will be applied if the culvert is not available. Steel pipe (SP) or
ductile cast iron pipes (DCIP) will be used for independent pipe bridges or bridge-attached
lines.

2-2-1-8 Construction and Procurement Method and Schedule
Dry excavation methods using sheet-piling or caissons are considered for the construction of the
water intake facilities. Based on the results of soil investigation, pile foundation is also

examined.

The construction of intake facilities should be carried out between December and April when



the water level of the Mekong River is low. Since a lot of pipes have to be laid during this short
time period,it is necessary to implement pipe installation at multiple sections simultaneously.
Therefore, construction supervision must be planned carefully and inspectors deployed.

2-2-2  Basic Plan (Construction Plan / Equipment Plan)
2-2-2-1 Water Demand Projection

@ Population Increase in Thakhek District

Population data of the 91 villages in Thakhek District were provided by NPKM. The total
population was 84,555 in 2009, 86,376 in 2010, and 88,229 in 2011, with an increase of 2.15 %
per year. According to the “Report of the Project on Amending Planning of Thakhek District,
Khammouan Province”, the population increase in urban areas from 2005 to 2015 was
2.2 %.This rate of population increase is used in this water demand projection.

2 Service Ratio

The population, number of households, and connections in the 24 villages in the existing service
area are shown in the table below. Service ratio in the existing service area is already at 72 %.
Therefore the target service ratio of 80 % by 2020 is quite achievable in the existing service area.
However, the average service ratio drops to 50% for the whole Thakhek District when areas
currently with no water supply service are included. The new water supply system must be
designed to increase this service ratio by 30% to meet the target of 80% coverage by 2020.

Table 2.2.2.1-1 Service Ratio in Existing Service Area (Year 2010)

Area Number of Number of Number of

Code* Name of Village Population Household Connection
H1 Viengvilay 1,827 350 227
H2 Phonsaath 2,395 479 366
H3 Souksavan 1,989 354 208
H4 Santisouk 1,542 303 158
H5 Pakdong 1,702 337 210
H6 Sivilay 1,007 193 81
Sub-total (Area Code: H) 10,462 2,016 1,250
11 Somsaath 1,377 221 231
12 Phonsanam 1,805 371 353
13 Nabo 936 181 175
14 Somsanook 1,646 302 244
15 Chomphet 1,998 353 208
16 Thakhek neu 1,236 209 198
17 Chomkeo 1,582 256 208
18 Nameung 1,229 216 169
Sub-total (Area Code: 1) 11,809 2,109 1,786
J1 Chomthong 1,731 349 262
J2 Nongbouakham 1,709 317 187
J3 Thakhek kang 1,386 290 306
J4 Donekheunxang 1,133 222 119
J5 Chomcheng 662 147 111
J6 Nabong 1,660 297 233
J7 Laophosay 1,087 187 154
J8 Houaynangli 1,405 256 149
J9 Laophokham 1,191 210 66
J10 Thakhek tai 528 99 58
Sub-total (Area Code: J) 12,492 2,374 1,645
Total (All existing service areas) 34,763 6,499 4,681
Service Ratio 72%

Note; *; Area code wise used by NPKM
Source: NPKM




3 Per Capita Water Consumption

The average family size is 5.3, calculated from total population and number of households.
Average water consumption per household is calculated from total domestic water
consumption and number of domestic connections. From average family size and average water
consumption per household, per capita water consumption is calculated as 153 Ipcd in 2010 and
148 Ipcd in 2011. The observed decrease of per capita consumption from year 2010 to 2011 s
aresult of supply capacity not meeting the water demand.

According to the Lao Management and Technical Guidelines for Water Supply, 2009, per
capita consumption is set at 120 to 200 Ipcd for urban areas with population of 50,000 to
100,000. In this study, future per capita consumption is set at 155 Ipcd in 2015 and 160 Ipcd in
2020.

(@) Domestic Water Demand

Future served population is calculated from future service ratio and total population.
Multiplying per capita water consumption mentioned above to the served population, domestic
water demand in year 2020 is calculated at 8,000 m*/day.

(5) Non-Domestic Water Demand

Categories of non-domestic customers include government, commercial (businesses), and
factories. Breakdown of water consumption for domestic and non-domestic customers in year
2010 and 2011 are as shown in the table below. Non-domestic water consumption is about
30 % of total water consumption. This water consumption ratio is applied to the calculations for
the year 2020.

Table 2.2.2.1-2 Breakdown of Water Consumption in Thakhek District by Customer

Category
Year Domestic Government Commercial Factory
2010 70% 11% 17% 2%
2011 70% 10% 18% 2%
Source: NPKM
(6) Non Revenue Water (NRW) Ratio

The NRW ratio in the NPKM data is in the range of 21% to 26% for the last decade. Since very
little leakage will occur from new pipelines installed under this project, and NPKM will
continue its efforts to reduce NRW, future water demand is calculated based on 20 % NRW ratio
for the years 2015 to 2020.

@) Peak Factor

According to the data of water distribution in year 2011, the peak factor (ratio of daily
maximum to daily average) was 1.2. In other cities in Laos such as Vientiane and Savannakhet,
the peak factor applied was 1.1 to 1.25. In this projection, peak factor is set at 1.2.

(8) Daily Maximum Water Demand
The peak factor described above and daily average water demand, daily maximum water
demand are projected as shown in the table below.



Unit 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

A Domestic Demand

1 Growth rate % 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 22
2 Population in service area 34,763 35528 36,310 37,109 37,925 38,759 39,612 40,483 41,374 42,284 43214
3 Population in extension area 15,389 15,728 16,074 16,428 16,789 17,158 17,535 17,921 18,315 18,718 19,130
4 Total population in urban Thakhek 50,152 51,256 52,384 53,637 54,714 55,917 57,147 58,404 59,689 61,002 62,344
5 Coverage in service area % 72 72 74 76 78 80 80 80 80 80 80
6 Coverage in extension area % 0 0 0 0 0 30 50 60 70 75 80
7 Served population in service area 25,029 25580 26,869 28,203 29,582 31,007 31,690 32,386 33,099 33827 34571
8 Served population in extension area 0 0 0 0 0 5,147 8,768 10,753 12,821 14,039 15,304
9 Total served population in urban Thakhek 25,029 25,580 26,869 28,203 29,582 36,154 40,458 43,139 45,920 47,866 49,875
10 Service ratio in urban Thakhek % 50 50 51 53 54 65 71 74 7 78 80
11 Per capita consumption Icld 150 150 150 150 150 155 156 157 158 159 160
12 Total domestic demand m3/d 3754 3837 4030 4230 4437 5604 6311 6773 7255 7611 7980
B Non Domestic Demand
1 Government, Business, Factory % 30 30 30 30 30 30 30 30 30 30 30
3 Non Domestic Demand m3/d 1609 1644 1727 1813 1902 2402 2705 2903 3109 3262 3420
C  Total Consumption m3/d 5363 5481 5757 6043 6339 8006 9016 9676 10364 10873 11400
D Physical Water Loss in Distribution System
1 Rate of physical water loss % 25 25 25 23 23 20 20 20 20 20 20
2 Physical water loss m3/d 1788 1827 1919 1805 1893 2002 2254 2419 2591 2718 2850
E  Average Daily Water Demand (C+D) m3/d 7151 7308 7676 7848 8232 10008 11270 12095 12955 13591 14250
F  Daily Maximum Demand
1 Peak daily factor 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
2 Daily maximum demand m3/d 8581 8770 9211 9418 9878 12010 13524 14514 15546 16309 17100
3 Daily maximum demand I/s 99.3 101.5 106.6 109.0 114.3 139.0 156.5 168.0 179.9 188.8 197.9
G Daily Maximum Demand (WTP Output) m3/d 8600 8800 9200 9400 9900 12000 13500 14500 15500 16300 17100
H  Water Loss at WTP
1 Water loss and backwashing as % of WTP outpt ~ % 10 10 10 10 10 10 10 10 10 10 10
2 Water loss and backwashing m3/d 860 880 920 940 990 1200 1350 1450 1550 1630 1710
| Raw Water System
1 Required capacity of source & raw water system m3/d 9460 9680 10120 10340 10890 13200 14850 15950 17050 17930 18810
2 Required source capacity (rounded) m3/d 9500 9700 10100 10300 10900 13200 14900 16000 17100 17900 18800
3 Required source capacity I/s 110.0 112.3 116.9 119.2 126.2 152.8 1725 185.2 197.9 207.2 217.6
J Peak Hourly Demand (Distribution System
1 Peak hourly factor 15 15 15 15 15 15 15 15 15 15 15
2 Hourly maximum demand I/s 164.9 168.4 175.3 178.8 189.2 229.2 258.7 277.8 296.9 310.8 326.4

Figure 2.2.2.1-1 Water Demand up to 2020 in Target Area
2-2-2-2 Design for Water Intake Facility and Raw Water Transmission Main

(1) Outline of Intake Facility

The existing intake facilities in Thakhek District consist of three wells (Well No. 1 to 3) located
in the northeast and were constructed by the EU in the 1990s. There is also a floating intake for
the exiting KM4 Water Treatment Plant (WTP) in the Mekong River which was provided by the
government of Laos in 2001 as an emergency measure. Only Well No. 2 has a stable supply of
clean water throughout the year. The water of Well No. 1 has high turbidity in rainy season and
Well No. 3 has a problem with drawdowns. Based on the data in 2010 and 2011 obtained from
NPKM, pumping discharges from the wells are about 3,000 m®day in the dry season, and 4,400
m?*/day in the rainy season. According to actual flow measurements by JPST in dry season (in
February 2012) using ultra sonic flow meter, pumping discharge flow was 2,300 m*/day, with
Well No. 3 not functioning. The floating intake facility consists of 4 ground pumps and 2
submersible pumps which take water from the Mekong River. Two pumps are running and
convey raw water to the existing KM4 WTP. Although the treatment capacity of the plant is
supposed to be 2,500 m3/day, based on data in 2010 and 2011, the actual treated amount was
2,900 m*/day in the rainy season and up to 4,900 m%day in the dry season. Raw water
transmission flow in February 2012 measured by JPST was 4,500 m*/day. For intake facility
planning, the safe yield of the three wells is estimated at 2,000 m*/day and the existing floating
intake facility will be abandon and a new intake facility will be constructed. The capacity of the
new intake facility is 16,500 m*/day, which includes design capacity of a new WTP of 15,000
m?*/day with 10% plant loss.

2 Intake Structure
The following three design options for the intake structure (see Figure 2.2.2.2-1) were
considered:

i) Intake tower type

ii) Intake pipe type

iii) Intake pipe type by pipe driving



The intake pipe type by pipe driving was selected as the most appropriate design because:
1. selective intake based on the river water level will be possible;
2. there is no serious risk of river bank erosion because no extensive excavation would be
required; and
3. construction costs are lower.

Intake Tower Type Intake Pipe Type
(Old Kaolieo WTP and Savannakhet WTP) (New Kaolieo Type)

SECTION A-A

- Stable water intake is possible even if river water | -  River water is taken thorough pipes installed in the
fluctuation is very big. river bank. Depending on the river bank
- Selective intake is possible, if different openings topographical feature, intake pipe length can vary.
can be used for various water levels. - Stable water intake is possible according to river
- In case of large amount of water intake, this type is water level.
economical. - There is no obstacle inside the river.

Intake Pipe Type by Pipe Driving

- Similar method as “Intake Pipe Type” mentioned above. However, intake pipes will be installed by pipe
driving from vertical pipe jacking pit and therefore, no large scale excavation of river bank is required.

- Low risk of river bank erosion because no large scale excavation of the river bank is required.

- River water is taken thorough pipes installed in the river bank. Depending on the river bank topographical
feature, intake pipe length can vary.

- Stable water intake is possible according to river water level.

- There is no obstacle inside the river.

Figure 2.2.2.2-1 Types of Intake Structures



3 Temporary Structures
In order to construct intake pipe type by pipe driving, the following three temporary structures

are needed.

Earth retaining structure for the vertical pipe jacking pit

Purpose:

To prevent the peripheral earth of the excavated round vertical pipe jacking pit from caving
in during pipe jacking operation.

Composition/
Performance:

The earth retaining structure consists of a liner of steel sheeting with reinforcement rings
which can safely withstand deflection and stress from external pressure.

Dimension:

The inside dimension of the round earth retaining structure should be decided based on the
requirements of pipe jacking and future pump installation. After pipe jacking is done, the
vertical pipe jacking pit will become the intake pump well for the three submergible pumps.

Earth retaining structure at the intake pipe mouth

Purpose:

To keep the water away during construction around intake mouth (location where intake
pipe appear at the river bank).

Composition/

The earth retaining structure consists of steel sheet pile and support (H steel) with enough

Performance: strength to safely withstand deflection and stress from external pressure (mainly water
pressure).
Dimension: Rectangular shape steel product readily available from the market.

Temporary Pier

Purpose: To provide space near the construction area for machines such as cranes and clamshells.

Composition/ Lining plate, supporting beam (H-steel, Channel steel) and pile (H-steel) which have enough

Performance: strength to safely support t its own weight and that of the machines . Embedded length of
pile should be enough to provide for settling.

Dimension: Soffit level of the temporary pier should be 0.5 m above the high water level of the Mekong
River. Width of the pier should be based on operating width of the machines.

4 River Bank Protection

River bank protection will be implemented 10 m upstream and downstream from the intake pipe
mouth. Gabion mattress and protection pile for intake mouth pert will be used for the river bank

protection.

5) Components of Intake Facility Plan
Table 2.2.2.2-1 shows components of intake facility plan.

Table 2.2.2.2-1 Components of Intake Facility

Facility/Equipment Spec and structure
Intake Intake Well Main Structure | Reinforced concrete construction
Facility (Vertical Pipe Round shape: Inside diameter 7.50 m x Depth 19.12 m
Driving Pit) (Maximum water depth 18.56 m)
Building on Reinforced concrete construction
the Tower One side Rectangle and the other side round shape: long side
10.55 m x short side 5.75t0 7.10 m xH 5.45 m
Equipment: receiving power panel, control panel, conveyance
pipe, hoist crane for maintenance (5t)
Intake Pump Intake Pump Submergible pump 3 units (2 operation, 1 stand-by)
Equipment Q=5.73m*/min h=25m P=45 KW 3d380V 50Hz
Emergency 200 KVA (soundproof type, built-in fuel tank)
Generator




Facility/Equipment Spec and structure

Temporary Temporary landing stage area: A=240m?

Work Pier
Earth Vertical Pipe Jacking Pit: 1 L.s. (Dia. 7.50 m x Depth 19.60 m)
Retaining around intake pipe mouth: 1 L.s. (6.80 m x 18.80 m)
Work

Control Room Total floor area : 48.0 m?

Uses; office room (for 2 persons), lavatory, warehouse,
emergency generator

Raw Water Conveyance Pipe DIP®450 mm, L=550m
Transmission
facility

2-2-2-3 Design for Water Treatment Facility

(1) Outline of Water Treatment Facility
The existing KM4 Water Treatment Plant was constructed by the Government of Lao PDR in
2001 near the roundabout of Road No. 13 and its treatment capacity is 2,500 m®/day.

The steel structures at the existing plant are badly rusted and there is leakage at the steel base
plate and wall. The H-shaped steel used for column and beam is corroded and parts are missing.
Even under such conditions, in order to meet the increased water demand, the existing plant has
been to operating beyond its designed capacity (3,000 to 6,000 m%day) throughout the year.

The new treatment plant with a capacity of 15,000 m*/day will be constructed and the existing
plant will be abandoned. The land for the new plant, provided by NPKM, has an area of about
0.8 ha (80 m by 100 m), which would accommodate future expansion, and a training center
for staff of NPKM and for staff from water supply facilities in the vicinity.

2 Treatment Process

The treatment process was designed with consideration of operational and energy efficiency,
and ease of operation and maintenance. The integrated operation of the components of the
treatment process (such as sedimentation, filtration and disinfection) would be efficient and
effective.

The key factors to consider in designing the treatment process are the quality of the raw water,
the proposed quality of the treated water, the quantity of water to be treated, and the level of
technology that is appropriate for the operation and maintenance capacity. The conventional
treatment process (coagulation — sedimentation — rapid sand filtration), similar to that used at
the Chinaimo and Kaolieo treatment plants, is deemed most appropriate.

Types of Mixing Well

There are three stages to the coagulation-sedimentation process: mixing, flocculation and
sedimentation. Thorough and rapid mixing of the raw water with the added coagulants is
necessary to promote coagulation of the fine particles to form flocs.

The three mixing methods listed below (and see Figure 2.2.2.3-1) were considered:
a. Mechanical mixing
b. Mixing using pumps
¢. Gravitational force mixing using a weir



The gravitational mixing method is preferred because of the minimum operation and
maintenance requirements. The Chinaimo and Kaolieo treatment plants also use the
gravitational mixing method.

Mechanical Mixing Mixing Using Pumps Gravitational Force Mixing
Using a Weir
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Raw
Water
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\
Processed
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Figure 2.2.2.3-1 Types of Mixing Method

Types of Flocculation Basin

It is proposed that the flocculation basin will be a vertical baffled channel type, similar to that at
the Chinaimo and Kaolieo treatment plants. The mechanical agitation type basin is not
recommended because of its operation and maintenance requirements. Figure 2.2.2.3-2 shows
the vertical baffled channel type basin and the mechanical agitation type basin.

Mechanical Agitation (Flocculator) Baffled Channel

Figure 2.2.2.3-2 Types of Flocculation Basin

Types of Sedimentation Basin
The efficiency of the sedimentation basin (E) is determined using the following equation:

E=v0/ (Q/A)

where A : horizontal area of the sedimentation basin
Q : flow rate into the sedimentation basin
v 0 : velocity of floc sedimentation
Q. A : overflow rate (surface loading)

The above equation indicates that the efficiency of the sedimentation basin can be improved by:

1. increasing the area of the sedimentation basin;
2. increasing the velocity of floc sedimentation; or
3. decreasing the flow rate into the sedimentation basin.

The different types of sedimentation basin can be classified according to the above variables, as




shown in Table 2.2.2.3-1.

Table 2.2.2.3-1 Efficiency Improvement by Types of Sedimentation Basin

Conventional type Method
Conventional type — uni-flow Decrease water quantity inflow to the
sedimentation basin sedimentation basin
Horizontal flow gggil;;:zilz;rion basin 'Il?rl:allelagerer
sedimentation basin m B 5 tyl
. . orizon'a Increase area of sedimentation basin
Inclined plate/pipe flow type
sedimentation basin Up-flow
type
. Slurry circulation type suspended solid
Suspended solid contact type sedimentation basin Increase velocity of floc
contact type - - - . )
. . . Sludge blanket type sedimentation basin sedimentation
sedimentation basin

Combined type of above types

The “conventional type, uni-flow sedimentation basin” is recommended for this project. This
basin type is preferred because:
1. it can reduce the quantity of water by removing the supernatant via several troughs at the
surface of the sedimentation basin.
2. the basin dimensions would be smaller than those for the conventional sedimentation basin,
which means construction costs will be lower.
3. it delivers high performance by acting as a buffering basin, reducing impacts of fluctuating
water volumes and turbidity in the filtration basin.
4. it is successfully used at the existing Chinaimo Treatment Plant.

The suspended solid contact type sedimentation basin has complicated operation requirements
and it has never been used in Laos. Therefore, the suspended solid contact type basin is not
selected for this project.

Types of Rapid Sand Filtration Basin

The rapid sand filtration basin is the final turbidity removal component in the water treatment
process. The following four types of filtration basin were considered for this project (see Figure
2.2.2.3-3):

Rapid sand filtration, air scouring type (used at Chinaimo)

Standard rapid sand filtration type (used at Kaolieo)

Rapid sand filtration, automatic backwashing type (by valve)

Rapid sand filtration, automatic backwashing type (by siphon)

oo

The standard rapid sand filtration type is not recommended because it requires relatively high
level of technical knowledge to adjust the volume of water being filtered, as well as for other
operational control. The rapid sand filtration, automatic backwashing type (by siphon) also
requires high level of technical knowledge to operate, control and maintain because it has more
devices than the other types of rapid sand filtration. The rapid sand filtration, automatic
backwashing type (by valve) and air scouring type have fewer devices and therefore are easy to
operate and control, and require less frequent maintenance. The rapid sand filtration, air
scouring type has the additional advantage of using less backwash water. Also, the air scouring
type is used at the Chinaimo and new Kaolieo plants, therefore there is existing knowledge and
understanding of how to operate and maintain the system. Therefore, the rapid sand filtration,
air scouring type is recommended as the preferred option for this project.



air scouring type (Chinaimo Standard type (Old Kaolieo | automatic backwashing automatic backwashing
Type) Type) type (by valve) type (by siphon)

Filtered
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Figure 2.2.2.3-3 Types of Rapid Sand Filtration Basin

Layout of Treatment Facility
The layout of the proposed water treatment facility is shown in Figure 2.2.3-4.




Preparatory Survey on Thakhek Water Supply
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Figure 2.2.2.3-4 Layout Plan of Treatment Facility




3 Design for Sludge Treatment and Wastewater Discharge

Sedimentation Basin

Sludge from the sedimentation basin will be treated and disposed in the following manner;

+ during washing of the basin, supernatant of the basin which is low turbid water will be
discharged through a drain channel and openings in the wall to the nearby canal by
gravity.

- Settled sludge and high turbidity water is conveyed to a sludge drying bed by pump.

« Supernatant of the drying bed will be discharged to the nearby canal and dried sludge will
be disposed of at a pre-determined location.

Filtration Basin

Backwash water of the filtration basin will be retained at the wastewater basin and discharged
by pump to the nearby canal in a control manner to avoid releasing large volumes of
wastewater in a short period of time.

4 Design for Other Components of the Treatment Facilities

Distribution Pumping Facilities

e A foot valve will be installed at the suction of the distribution pump rather than a
complicated vacuum pump system.

Electrical and Control Facilities
e  New power transmission facilities will be installed.
e Anemergency generator will be required.

Yard Piping and Landscaping

e Maintenance roads will be constructed around treatment facilities.

e Inter-connection pipelines with appropriate diameters will be installed between treatment
facilities.

e  Supernatant from the facilities will be discharged to adjacent drainage canal.

5) Design for Components of Water Treatment Facility
Table 2.2.2.3-2 shows components of water treatment facility plan.

Table 2.2.2.3-2 Components of Water Treatment Facility

Facility/Equipment Scale and Structure
Water Receiving Well Reinforced Concrete Structure
Treatment Internal Dimension: 1.80 m width x 3.20 m length x 3.00 m depth
Facility Volume and Detention Time: V=17.3 m®, T=1.5 min (T=1.5 min)
Rapid Mixing Tank Reinforced Concrete Structure

Internal Dimension: 1.80 m width x 6.70 m length x 2.40 m depth

Volume and Detention Time: V=28.9 m®, T=2.5 min (1<T< 5 min)

Flocculation Basin Reinforced Concrete Structure

Slow Mixing Method: Vertical channel bands flocculator

Internal Dimension:  7.95 m width x 7.55 m length x 4.20 m height x
3.59 m average effective depth

Quantity: 2

Sedimentation Basin Reinforced Concrete Structure

Horizontal-Flow Sedimentation Basin

Supernatant Collecting System: Collecting Trough + Submerged Orifice

Internal Dimension:  8.05 m width x 31.00 m length x (3.50 m water
depth + 0.30 m accumulated sludge depth)

Quantity: 2
Surface Loading: Q/A=23.0 mm/min (15-30 mm/min)
Mean Velocity : V=0.20 m/min (below 0.40 m/min)




Facility/Equipment Scale and Structure

Rapid Sand Filter Reinforced Concrete Structure
Internal Dimension:  3.00 m width x 10.50 m length
Quantity: 4
Filter Sand Thickness : 100 cm
Underdrain System :  Porous Filter Bed Method
Filtration Rate: V=131 m/day (120-150 m/day)
Flow Control: Lower Part Control Method
Backwash Method: ~ Simultaneous Backwash Method by Air and

Water
Treated Water Reservoir Reinforced Concrete Structure Using Flat Slab Structure
. Quantity: 2

Effective Volume: ~ V=1,500 m? (750 m® x 2)

Effective Water Depth: H=4.00 m (3-6 m)

Detention Time: T=2.2 hours (T=1 hour)

Internal Dimension:  12.00 m width x 16.00 m length x 4.70m height
Chemical Feeding Facility | Alum, Calcium Hypochlorite, and Polymer

Power Generator/ | 450 KVA (Soundproof type, Equipped with Internal Water Tank)
Generation | Room Floor Area: 24 m?
Equipment
Administration Building Reinforced Concrete Structure, Four Stories Building, Total Floor Area:
784 m?
Usage:
1st Floor: Manager Room (1 person)

Staff Room (5 persons)
Laboratory (2 persons)
Toilet
Chemical Storage (1st-2nd Floor Stairwell)
2nd Floor: Meeting Room
Monitoring Room
Toilet
3rd and 4th Floor: Chemical Dissolving Tank (2 + 2 tanks)
Dosing Pump Room
Common: Staircase
Emergency Stair: External Spiral Staircase (1F-RF)

2-2-2-4 Design for Treated Water Transmission Main and Distribution System

(1) Outline of Transmission and Distribution Systems

The future service area covered by the project is shown in Figure 2.2.2.4-1. The existing service
area covers only the downtown area of Thakhek District. The future service area will cover the
town expansions along Road No. 13, Road No. 12 and the Mekong River.
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Figure 2.2.2.4-1 Planned Supply Area

The existing water supply network, including the reservoir and elevated tanks, will be expanded
to a well functioning system adequate to supply water to the future service area.

Separation of Transmission and Distribution Systems

Transmission and distribution systems are completely separated for ease of pump operation and
certainty of conveying water to distribution reservoir and elevated tanks. The transmission
system from the existing wells (2,000 m*/day) to the existing KM4 reservoir will be maintained
for the future system.

Supply Area
The service area is divided into three major sections for planning purposes as shown in Figure

2.2.2.4-2. The first area receives its water supply from the existing KM4 reservoir (1,650 m®),
the second from the new Pakdong elevated tak (700 m®) and the third from the new KM4
elevated tank (600 m®).
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Figure 2.2.2.4-2 Distribution System

Distribution Blocks (DB)

The service area is divided into 6 distribution blocks as shown in Figure 2.2.2.4-3. Distribution
Blocks No. 4 to 6 cover new service area.

DB1

DB2

DB3

DB4

DB5

DB6

the area supplied from the existing KM4 reservoir through the existing
distribution network system,

. the area supplied from the new KM4 elevated tank through the existing
distribution network system,
the area supplied mainly from the existing KM4 reservoir through the
existing distribution network system, but bad supply condition at present,
the area supplied from the existing KM4 reservoir through new distribution
network system,
the area supplied from new elevated tank at Pakdong through new
distribution network system,
the area supplied from the KM4 elevated tank through new distribution
network system.

There is no appropriate alternative water supply for Blocks 1, 2, 4, and 5 other than that stated
above. However, options are available for Blocks 3 and 6 and are analyzed as described in the

next section.
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Figure 2.2.2.4-3 Distribution Blocks

(2) Choices of Distribution System for Blocks 3 and 6
There are two options for supplying water to Distribution Blocks 3 and 6.

Option 1 is to supply water by gravity from the KM4 elevated tank. The existing KM4 elevated
tank is supplying water to Block 2 but does not have enough capacity to supply Blocks 3 and 6.
A new elevated tank can be built which would have enough capacity to supply water to all three
blocks.

Option 2 is to pump water from the new Chomkeo WTP to supply Blocks 3 and 6. There is
no need to build a new elevated tank at the existing KM4 WTP site, but it is necessary to
provide a distribution system which is separate from the transmission system. This distribution
system has to be operated and controlled according to demand fluctuations throughout the day.

Existing New Elevated

Reservoir Tank
1,650 m3 600 m3
= Distribution
Rl Block 2
New Chomekeo = Distribution
Reservoir o Block 6
1,500 m3 @ £ =
= E % Distribution
@ % Block 3
—_®_ ©
= =

— Distributed by gravity
Figure 2.2.2.4-4 Option 1: Gravity Flow System



Existing Existing
Reservoir  Elevated Tank
1,650 m3 75 m3

el

ransmissio
n System

New Chomekeo
Reservoir
1,500 m3,

1@
®

Distribution
Block 2

Distribution
Block 6

Distribution
Blocks 1 & 4

Distribution
System Distribution by
aravity
—» Distribution by pump

Figure 2.2.2.4-5 Option 2: Pumping Flow System

Distribution
Block 3

Comparison Between Options 1 and 2

Option 1 Option 2
Construction Costs 100 108
O X
O & M Costs 100 103
o X
O&M Easy operation and control, requiring Necessary to start and stop the
only careful check of the water level distribution pumps depending on
of the elevated tank fluctuation of hourly demands
o X
Comprehensive Judgment o X

Legend: o; Better, x; Worse
Construction costs and O&M costs of Option 1 are set at 100.

The analysis demonstrates that Option 1, using gravity flow has the advantage in terms of cost

and ease of operation, and is therefore adopted for the project.

3 Result of Network Analysis

The hydraulic network analysis was conducted using EPANET ver 2.0 based on the following

conditions:
1. Equation applied : Hazen Williams Equation
2. Flow velocity coefficient : 110
3. Hourly Peak Factor ~ : 1.5 (see Figure 2.2.4-6)
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Figure 2.2.2.4-6 Hourly Peak Factor

For the network analysis for transmission and distribution facility planning, the important points
to note are as follows:

1. Water level of the new elevated tanks and diameters of pipelines should be
selected to ensure adequate residual water pressure.
2. Capacity of elevated tank should meet hourly demand fluctuations.

As a result of the network analysis, the water levels of the reservoirs and elevated tanks are
determined as shown in Figure 2.2.2.4-7. Figure 2.2.2.4-8 indicating the residual pressure of
each node at 7:00 a.m. when hourly water demand is at its maximum.
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Figure 2.2.2.4-7 Water Level of Reservoirs and Elevated Tanks (48 hours simulation)
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Figure 2.2.2.4-8 Residual Water Pressure of Each Node at 7 a.m.

4 Pipeline Design for Transmission and Distribution System

Transmission Main

As a result of the network analysis, the diameter of transmission pipeline from the new
Chomkeo WTP to KM4 reservoir and the new Pakdong elevated tank should be 250 to 400 mm
as shown in Figure 2.2.2.4-9.
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Distribution Main

As a result of the network analysis, the diameter of the distribution pipeline from the existing
KM4 reservoir (1,650 m®), new Pakdong Elevated Tank (700 m®) and new KM4 elevated tank
(600 m®) should be 100 to 350 mm as shown in Figure 2.2.2.4-10.
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Figure 2.2.2.4-10 Outline of Distribution Main

Location of Pipeline

Almost all transmission and distribution mains will be installed along public roads and Figure
2.2.2.4-11 shows the typical pipe location of NPKM. Pipeline will be installed 1.0 to 1.5 m from
the hydro pole.

Road Pavement
(asphalt pavement)

1~1.5m |

i -

Earth coverage
0.9m

O« | Proposed location
‘ of pipe laying

Figure 2.2.2.4-11 Typical Location of Pipeline



~ Photo 2.2.2.4-1 Proposed ieline Route

The DPWT of Khammouane Province prepared a plan in 2011 to widen Road No. 13 and the
construction is scheduled for 2014 to 2015. Pipe installation plan along Road No. 13 shown in
Figure 2.2.2.4-12 is based on the discussions with the DPWT.
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Figure 2.2.2.4-12 Location of Pipeline along the Road No. 13

Photo 2.2.2.4-2 Proposed Pipeline Route along the Roa No.13

Pipelines in urban areas are installed under the pavement because of limited available space as
shown in Figure 2.2.2.4-13.
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Figure 2.2.2.4-13 Location of Pipeline in Downtown

Photo 2.2.2.4-3 Proposed Pipeline Route in Downtown

Excavation and Backfill

Specification for excavation and backfill is based on NPNL standards and past experience as
shown in Figure 2.2.2.4-14. Depth of earth coverage is decided in accordance with pipe
material, diameter and installation condition. Pipelines of 100 to 350 mm diameter are usually
buried at a depth of 0.9 to 1.4 m. More specifically, pipelines installed under the road at road
shoulder are buried at a depth of 0.6 to 1.2 m, and 0.8 to 1.3 m where there is no vehicle traffic.
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Figure 2.2.2.4-14 Typical Drawing of Excavation and Backfill Works

(5) Other Items

Transmission Pump and its Control Method

The specification of transmission pump which conveys treated water from the Chomekeo WTP
to the KM4 reservoir, KM4 elevated tank and Pakdong elevated tank is as follows:

Q5.2 m*/min x H98 x 3 units (2 operations and 1 stand-by)

The schematic diagram of the transmission system is shown in Figure 2.2.2.4-15.
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Figure 2.2.2.4-15 Conceptual Diagram of Transmission System

Figure 2.2.2.4-16 shows an outline of the transmission pump station. In order to control
transmitted water volume to KM4 and Pakdong, flow meters and flow control valves should be
installed at each line.
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Figure 2.2.2.4-16 Outline of Transmission Pump Station

Clear Water Reservoir
The capacity of the clear water reservoir which will be constructed at the new water treatment
plant should be:

V=1,500 m®

Distribution Reservoir

The existing reservoir was constructed by the EU at the same time of the wells’ construction in

1991. Based on the first field survey, the existing reservoir can be utilized in the future.
V=1,650 m® (KM4 reservoir)

Elevated Tank
The capacity of each elevated tank which must meet the 4 hours of daily maximum water
demand is as follows:



V=700 m® (Pakdong elevated tank)
V=600 m* (KM4 elevated tank)

(6) Selection of Pipe Material for Transmission and Distribution Main

Total pipeline length of the transmission and distribution systems is approximately 51 km
consisting of approximately 11 km for the transmission main and approximately 40 km for the
distribution main. Pipe material is selected based on the following considerations:

1) low material cost,

2) low installation cost,

3) short installation period,

4) that the material can be procured easily in the future
5) easy to repair and expand in the future

6) low leakage risk

Given these considerations, ductile cast iron is the material of choice for the raw water
transmission main pipes and the clear water transmission main pipes. Ductile cast iron has the
strength and durability required for these key components of the water supply system.
Part of the national road in Thakhek District is under construction. Construction will also take
place to widen other roads. Pipelines installed in these locations could be damaged inadvertently
while these construction activities are taking place. Easy access to pipeline materials for timely
repairs would be useful. The pipeline materials readily available in Thakkek District for this
project are: as follows:

1. Ductile Cast Iron Pipes (DCIP) for pipelines with a diameter of 350 mm,

2. HDPE for pipelines with a diameter of 300 mm and below.

@) Design for Pipe Bridge and Culvert Crossing

Along the transmission and distribution pipe routes, the pipelines would cross several streams,
ditches, and culverts. Pipe bridges or culvert crossings are designed for these crossings. For the
pipe bridge, steel pipe with unit weight lighter than DIP is applied. Typical structure of the pipe
bridge and culvert crossing are shown on Figures 2.2.2.4-17 and 2.2.2.4-18.
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Figure 2.2.2.4-17 Ty;:)i?:al_St_ructure of Pipe Bridge



Ground Surface

Culvert

(8) Accessories

Air Valves

Air will be caught in the high points of the pipeline and will disrupt the smooth flow of water.
Therefore air valves will be installed at the high points of the pipes to release the captured air
and to allow air intake when water is draining from the pipeline. Figure 2.2.2.4-19 shows a
typical air valve assembly.

Figure 2.2.2.4-19 Typical Air Valve Assembly

Blow-offs
Blow-offs will be installed at the low points of the pipeline to drain water during flushing or
after construction/repair work. A typical blow-off assembly is shown in Figure 2.2.2.4-20.

Figure 2.2.2.4-20 Typical Blow-off Assembly
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Thrust Blocks

Water pressure creates unbalanced forces which may shift the pipe at curves, branch points, and
gate valves. Concrete thrust blocks or restrained joints have to be installed at these points to
prevent pipe or valve movement. Diagrams of a typical thrust block and restrained joint are shown
in Figures 2.2.2.4-21 and 2.2.2.4-22. Traffic will be disrupted and access to houses and shops will
be impeded when trenches are excavated for pipeline intallation. It is important that the trenches
are backfilled as quickly as possible to minimize the disruptions. Concrete blocks require several
days to set before backfilling of the trenches is possible. Therefore, it is recommended that
restrained joints rather than concrete thrust blocks be used. Restrained joints are strong enough to
withstand the force that would push the pipe out and backfilling can be done immediately after
installation.

BB L& e
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Figure 2.2.2.4-21 Concrete Thrust Block Figure 2.2.2.4-22 Restrain Joint

9 Components of Transmission and Distribution Systems

According to the outline design, the components shown in Table 2.2.2.4-1 will be required for
proposed transmission and distribution systems.

Table 2.2.2.4-1 Components of Transmission and Distribution System

Facility Component
System Facility/Equipment
Transmission | Transmission Pump ¢250 mm x 200 mm Horizontal Single Suction Volute Pump
Pump 5.21 m¥min x 98 m 160 kW x 3 units (1 stand-by)
(at Chomekeo | Pump Well (Clear Water Reservoir)
WTP)
Transmission Main WTP to Pakdong ET  (Design Flow Q=4,262m°/day)

DIP®250-300 L*=6,100m

General Laying Works, Pipe Bridge x 1 place

WTP to KM4 Reservoir  (Design Flow Q=10,738m?/day)
DIP®350-400 L =4,800m

Distribution | Elevated Tank Pakdong Reinforced Concrete Structure, Round shape

Elevated Tank | Number of Tank : 1 Tank

Effective Capacity : VV=700m®, Effective Depth : H=5.00m
HWL: +195.00m, LWL: +190.00m

Dimension : Diameter ®13.50 m x Hight 15.00m
Foundation Type : Pile Foundation

KM4 Elevated | Reinforced Concrete Structure, Round shape

Tank Number of Tank : 1 Tank

Effective Capacity : V=600m?, Effective Depth : H=5.00m




Facility Component

System Facility/Equipment

HWL: +209.00m, LWL: +204.00m
Dimension : Diameter ®12.40 m x Hight 18.00m
Foundation Type : Spread Foundation

Distribution Main Material : ®350(DIP), ®300~®100 (HDPE)
Length : ®350 L=578m, ®300 L=2,318m

®250 L=9,992m, ®200 L=5,795m

@150 L=8,998m, ®100 L=12,051m
General Laying Works, Laying by hanging on to the road bridges
x 2 places

2-2-2-5 Procurement of Equipment

Equipment not covered by Japanese Funds

The request from the GOL (2009) included the procurement of water meters (2,000 pc), 1
pick-up truck (2,500 cc) and 2 motor bikes (100 cc). It is confirmed that the procurement of
these equipment is necessary after completion of the Project. Household connections will
increase by 3,800, requiring more water meters and additional NPKM teams to install water
service pipes However, it is considered that these equipment can be or should be supplied by the
GOL and not included in the procurement of equipment by the Japanese side. The rationale for
this decision is explained in Table 2.2.2.5-1.

Table 2.2.2.5-1  Justification of GOL Procurement of Requested Equipment

Equipment Quantity Rationale
Water Meter 2,000 Service connection fee borne by a customer in NPKM
(Dia. 13 mm) includes the cost for a water meter. If water meters are

supplied by the Project, some customers do not need to pay
for a water meter. This is not fair for the other customers.
Therefore, water meters are not included in procurement of
equipment by the project.

Pickup (2,500cc) 1 NPKM procured a pickup made in Korea during JICA site
Motorbike (100cc) 2 survey (2nd phase). This means that NPKM or GOL has the
capability to procure the vehicles. Therefore, vehicles are not
included in procurement of equipment by the project.

Equipment covered by Japanese Funds

Water quality analysis equipment is not included in the original request from the GOL (2009).

It is recommended that such equipment be provided through Japan’s Grant Aid for the water
quality analysis laboratory in the administration building of the new WTP. It is vitally important
that the water quality is analyzed routinely and accurately to ensure that the treatment processes
are working properly all the time. This is especially critical since the raw water turbidity of the
Mekong River changes substantially throughout the year. The justification for funding support
of water analysis equipment not originally requested by the GOL (2009) is summarized in Table
2.2.2.5-2.

Table 2.2.2.5-2  Justification of Procurement of Equipment not included
in the Original Request (2009)

Equipment Quantity Validity
Water quality analysis As follows For the proper operation of the WTP, it is important and
equipment indispensable to provide top quality equipment to

enable the regular analysis of all the necessary water quality
parameters with sufficient level of accuracy. Therefore, it is
advisable to supply the equipment by Japan’s Grant Aid.




@ Procurement of Water Quality Analysis Equipment

Table 2.2.2.5-3 shows the minimal required parameters to be measured for the water quality
management in the new WTP. The parameters are selected by referring to the current water
quality tests (e.g. Chinaimo Water Treatment Plant Laboratory) in Lao PDR in terms of
feasibility and ability to provide and maintain the capacity building through local training
programs.

The proposed frequency of testing is shown in Table 2.2.2.5-3. The basic parameters such as
“pH” should be measured every day. The coagulation test should be conducted daily as well but
can be less frequent (up to every 3 days) when the raw water quality is stable. The other
parameters such as “hardness” should be tested once every 2 months, while comparatively
stable parameters, such as metals, which are analyzed by more sophisticated instruments, should
be measured twice per year.

Table 2.2.2.5-3 Parameters with the frequency

Parameters Raw Water Sample from Treated Water
Coagulation Tests
(once per 1 to 3 days)

pH Daily 1/ 1-3 day Daily
Color Daily 1/ 1-3 day Daily
Turbidity Daily 1/ 1-3 day Daily
Odor Daily - Daily
Residual chlorine - - Daily
Alkalinity - 1/ 1-3 day 1/1-3 day
Hardness - - 6 / year
TDS - - 6 / year
KMnO4 Consumption - - 6 / year
Chloride ion - - 6 / year
e-coli - - 6 / year
Cyanide - - 6 / year
Ammonia - - 6/ year
As 2 [ year - 2 [ year
Cd 2 [ year - 2 [ year
Cr 2 [ year - 2 [ year
Hg 2 [ year - 2 [ year
Pb 2 [ year - 2 [ year
Cu 2 [ year - 2 [ year
Al 2/ year - 2 [ year
Fe 2 [ year - 2 [ year
Mn 2 [ year - 2 [ year

The parameters to be measured frequently should be analyzed in the laboratory in the new WTP.
The analysis of other parameters with the testing frequency of 6 times per year or less should be
outsourced. Table 2.2.2.5-4 and Table 2.2.2.5-5 shows the instruments and equipment required
for the measurement of frequently analyzed parameters.

Table 2.2.2.5-4 Required instruments and necessities

Parameters Instrument Q’ty Remark
pH Desk top pH meter with electrode 1 -
pH comparator (BTB-type) 1 No power to be required
Color Color meter 1 Or unified meter for
Turbidity Desk top turbidity meter 1 both purposes
Odor - - Sensory test
Residual chlorine Residual Chlorine Meter 1 Battery type
Alkalinity Refer to Table 4.1-3 - -




Parameters Instrument Q’ty Remark
Coagulation test Jar-tester 1

Other Beaker (300 mL)

Beaker (500 mL)

Beaker (1,000 mL)
\olumetric flask (100 mL)
\Volumetric flask (200 mL)
\Volumetric flask (500 mL)
\Volumetric flask (1,000 mL)
Pipette (10 mL)

Pipette (50 mL)

Pipette (100 mL)

Wash bottle (500 mL)
Wash bottle (1,000 mL)

=
o
1

=
o
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Other equipment Water purification system
Analytical balance

Draft chamber (Fume food)
Laboratory table

L el el el il KS20 K620 K620 K620 K621 R0 1 6] H&)]

Less frequent parameters - To be outsourced

Table 2.2.2.5-5 Apparatus for Alkalinity measurement

Apparatus Specification Q’'ty
Conical Beaker 300 mL 10
Pipette with filler 5mL 5
Burette 100 mL 2
Burette stand For said burettes 1

(2) Water Quality Analysis Equipment Supplier

The instruments should be procured in Japan because they are of high quality and advanced
technology.

2-2-3  Outline Design Drawing

The following design drawings are prepared and can be found in Appendices.

List of Outline Design Drawings

No. Facility Title

Al General General Facility Plan

A2 General Planned Water Level Profile

Bl Intake General Plan (Intake)

B2 Intake Profile of Intake Facilities

B3 Intake Single Line Diagram (Intake Pump)
C1l Water Treatment Plant Water Treatment Plant Layout

c2 Water Treatment Plant Receiving Well / Flocculation (1)
C3 Water Treatment Plant Receiving Well / Flocculation (2)
c4 Water Treatment Plant Sedimentation (1)

C5 Water Treatment Plant Sedimentation (2)

C6 Water Treatment Plant Filtration (1)

c7 Water Treatment Plant Filtration (2)

C8 Water Treatment Plant Clear Water Reservoir (1)

Cc9 Water Treatment Plant Clear Water Reservoir (2)

C10 Water Treatment Plant Transmission Pump

Cl1 Water Treatment Plant Single Line Diagram (Transmission Pump)
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No.
C12
C13
Cl4
C15
D1
D2
D3
D4
El
E2
E3

2-2-4

2-2-4-1

Facility

Water Treatment Plant
Water Treatment Plant
Water Treatment Plant
Water Treatment Plant
Reservoir

Reservoir

Reservoir

Reservoir

Pipelines (Main/Sub Mains)
Pipelines (Main/Sub Mains)
Pipelines (Main/Sub Mains)

Implementation Plan

Implementation Policy

Title
Drying Bed
Administration Building (1)
Administration Building (2)
Generator Plan
Elevated Tank (700 m®) (1)
Elevated Tank (700 m®) (2)
Elevated Tank (600 m®) (1)
Elevated Tank (600 m®) (2)

Air Valve, Blow Off, Sluice Valve

Pipe Bridge
Existing Structure Crossing

The project will be executed according to the scheme for Government of Japan Grant Aid. After
the Exchange of Note between the two governments regarding the implementation of the project,
the GOL will select the consultant and contractor who must be Japanese corporations for the
implementation of the project. Figure 2.2.4.1-1 shows the concept of the organization for the
project implementation.

Government of Government of Lao

Japan PDR

Exchange of Notes »
JICA MPWT/DHUP
T DPWT/PNP Khammouane
Report
Agreement Contract

Consultant Firm Contractor

(Japanese Corporate Body)

1) Detailed Design

2) Preparation of Tender Documents
3) Assistance of Tendering

4) Tender Evaluation

5) Advice for Contract Negotiation
6) Construction Supervision

7) Soft Component

Construction
Supervision

Sub Contractors
(3™ Country Corporate Firm)

(Japanese Corporate Body)

1) Water Intake Facilities Work

2) Water Treatment Plant Work

3) Clear Water Reservoir Work

4) Raw Water Transmission Pipeline
5) Transmission Pipeline

6) Distribution Pipeline

7) Supply of Equipment

Contract

i

S f

Contract

Contract

!

Sub Contractors
(Japanese Corporate Firm)

Sub Contractors
(Lao Corporate Firm)

Figure 2.2.4.1-1 Organization for Project Implementation



2 Implementing Agency

The implementing agency is DHUP/MPWT: Department of Housing and Urban Planning,
Ministry of Public Works and Transport. The DHUP/MPWT is responsible for the smooth
implementation of the Project. Cooperation and coordination with the NPKM which will be
responsible for operation and maintenance of water supply facilities, is also indispensable.

3) Consulting Firm
The detailed design and construction supervision for the work financed by the Japanese side
will be carried out by a Japanese consulting firm.

4 Contractor for Construction Work

The contractor carrying out the construction financed by the Japanese side should also be a
Japanese corporation. The project is the construction of a water supply facility consisting of raw
water intake, WTP, clear water reservoir, pipe installation and procurement of equipment. For
this type of work which is mainly civil construction, the company selected must be a general
construction company that has sufficient capacity and experience and is capable of dispatching
qualified engineers, procuring construction materials and heavy machinery necessary for the
undertaking.

5) Japanese Experts

It is necessary to dispatch Japanese engineers with specialized expertise in the construction of
WTP, installation of electrical and mechanical equipment, conducting test operations and testing
the water tightness of structures and pipelines. Specific engineering fields which require
Japanese experts are as follows:

Installation of mechanical equipment

Installation of electrical equipment

Installation of intake pipe by pipe jacking

Installation for chemical feeding facilities

Installation of equipment for water level control and non-suspension water at reservoirs

2-2-4-2 Implementation Conditions

(D) Intake Facility

Construction of the intake facility at the Mekong River should be implemented from November
to June when the water level of the river is relatively low. Construction at the river should be
suspended from July to October when the water level is high.

A driving shaft has to be dug first, and the subsequent pipe jacking would progress towards the
River. A temporary coffer dam made of steel sheet pile would be installed and dewatering by
submersible pumps would be required to prevent ingress of water during the pipe jacking
operation.

After the pipe jacking operation, the driving shaft will be used as the intake well to house the
intake pumps.

2 Water Treatment Plant
The WTP will be constructed on a site owned by NPKM about 550 m from the intake facility.
There is no specific problem concerning ground conditions.

The site faces roads with a lot of traffic and therefore due caution is required to avoid accidents.



3 Clear Water Reservoir
The 700 m® elevated tank will be constructed on the site owned by MPWT in Pakdong. The soil
is conglomerate clay and therefore, a concrete pile foundation would be required.

The 600 m® elevated tank will also be constructed at the existing WTP site in the KM4 area. The
existing WTP will be decommissioned after completion of this Project. After that, the KM4
reservoir at the existing WTP will receive treated water from the new WTP.

The 600 m® elevated tank should be constructed first. Then, new and existing distribution
pipelines will be connected as bypass line by method of non-suspension water.

(@) Installation of Raw Water Transmission / Clear Water Transmission / and
Distribution Pipelines

The total length of pipeline to be installed by this Project is approximately 72.3 km, composed

of raw water transmission, clear water transmission, distribution main, and distribution sub-

main pipelines.

Many of pipe installation will be conducted along the main roads with a lot of traffic surrounded
by many houses and shops. It is necessary to minimize disruption to traffic and daily lives of
inhabitants as much as possible. Inhabitants should be advised of water supply suspensions and
possible increase in water turbidity in advance. Their understanding and cooperation is
important to the smooth implementation of the Project.

2-2-4-3 Scope of Works

The construction of the intake facility, WTP, clear water reservoir, and installation of pipelines
will be covered by Japan’s Grant Aid. The decommissioning and removal of the existing intake
facility and existing WTP after the new facility is completed, will be conducted by the Lao side
and costs borne by the Lao side.

Details of the obligations of the Lao side are described in Chapter 3.

2-2-4-4 Consultant Supervision

(D) Construction Supervision
The selected consultant will perform the following supervisory work:

1) Check and approve shop drawings,

2) Inspect major equipment and materials at the factories before shipping,

3) Supervise construction activities,

4) Inspect completed structures,

5) Test facility operations and evaluate performance,

6) Inspect construction materials,

7 Report on construction progress to Japanese and Lao sides,

8) Advise on work to be carried out by the Lao side,

9) Technical assistance (capacity building) on operation and maintenance of the facilities,

10) Assist the Lao side on the necessary procedures and responsibilities in the execution of
the Japan’s Grant Aid project.

In order to supervise the activities throughout the construction period, it is necessary to deploy



one resident engineer from the start of construction to the commissioning of the facilities. In
addition various specialists (as listed below) are required for on-site supervision of the
construction of the different facilities.

(2)

Project Manager

The major scope of work of the Project Manager is as follows:

(3)

Prior to the commencement of the construction, confirm obligations of each party,
scope of the project, and implementation schedule, by holding meetings with Lao
implementation agencies, consultants and contractors.

Confirm satisfactory completion of the work.

Assist the implementing agency in the hand over the facility operation to the Lao side.

Resident Engineer

The resident engineer will stay in Thakhek District throughout the project and will supervise all
the work especially in the aspect of quality control and adherence to schedule. The engineer will
assist and provide instruction to the contractors and will prepare monthly progress reports to the
Lao side. The major scope of work of the resident engineer is as follows:

(4)

Maintain tender documents, drawings, standards, specifications, results of surveys and
soil investigation, and documents prepared and submitted by the contractors.

Check and approve construction schedule/plan and shop drawings.

Inspect and approve materials and equipment for the project.

Inspect and approve construction work executed by the contractors.

Monitor and manage the progress of the project.

Inspect safety provisions.

Hold periodical or ad-hoc meetings with the Lao side, consultants, and contractors.
Check and approve as-built drawings.

Assist with the work which should be executed by the Lao side.

Specialists

The following specialists will be assigned as required and they will also provide technology
transfer during the testing period.

a. Civil Specialist

Check shop drawings, supervise construction activities as well as test procedures,
provide instruction and advice concerning civil facilities.

Architectural Specialist

Check shop drawings, supervise installation of electrical equipment as well as test
procedures, provide instruction and advice concerning architectural facilities.
Mechanical and Electrical Specialist

Check shop drawings, supervise installation of mechanical equipment as well as test
procedures, provide instruction and advice concerning mechanical and electrical
equipment/facilities.

Pipeline Specialist

Check shop drawings, supervise installation of pipelines as well as pressure testing,
provide instruction and advice concerning installation of pipelines.

Specialist for procurement of equipment

Check shop drawings, supervise the procurement of equipment, provide instruction
and advice.



2-2-4-5 Quality Control Plan

Quality control during construction consists largely of insuring conformance to planning
decisions and the technical specifications in the original design. The major items to be
scrutinized are listed in Table 2.2.4.5-1 together with indicators, control methods, and standards
to be adopted. In principle, JIS or other equivalent International Standards will be followed for
quality control.

Table 2.2.4.5-1 Major Work Items and Methods for Quality Control

Category Control Item Control Method of Applicable Standards | Frequency of Records Remarks
Control Test
Pump Pump Conform to the Observation JIS B 8301 When Record In the
Facilities Standards Shop-Drawing | JIS B 8302 Received Test Result | presence of
Test Report Factory Table Consultant
Inspection Approval
Drawings
Pipe Ductile Cast Iron | Conform to the Shop-Drawing | JIS G 5526 For each pipe | Approval
Material | Pipe Standards JIS G 5527 laying section | Drawings
Type Observation For each Record In the
type. when presence of
received Consultant
Pipe Joint Joint Condition Observation - During the Report In the
Laying course of presence of
Work Jointing Work Consultant
Pressured No leakage observed | For each pipe | TestResult | Inthe
Leakage Test laying section | Table presence of
Consultant
Ultra Sonic At one time for | Test Result
Test every 10 joints | Table
Concrete | Reinforcing Bars | Type of Re-bar Observation JIS G 3112 When In the
Material (deformed, J1S G 3117 received for presence of
round) each type Consultant
Conform to the Test Report Test Result
Standards Table
Cement Type of Cement Observation JISR 5210 When Record In the
received. presence of
Consultant
Conform to the Test Report Test Result
Standards Table
Water Piped Water or Observation — When mixed Concrete In the
Clear River Water Mixture presence of
Table Consultant
Water Quality Water Quality JIS A 5308 Appendix | Before mixture | Test Result
(River Water) Test 9 design Table
Aggregates Maximum Observation Reinforced When Record In the
diameters of Concrete :  25mm Received. presence of
Aggregates Consultant
Grain Size JIS A 1102 JIS A 5005 Before mixture | Test Result
design Table
Concrete Conform to the Test Report JIS A 6201-6207 When Test Result | When
Mixture Standards received Table necessary.
Storage of Place and Observation — When Report In the
Materials Storage necessary. presence of
Conditions Consultant




Category Control Item Control Method of Applicable Standards | Frequency of Records Remarks
Control Test
Concrete | Concrete Test Mixture Confirmation of | 28 day strength : 1time before | TestResult | Inthe
Placing Design Mixture Quality 21N/mm2 placing Table presence of
Work (Major Slump:10.0+2.5cm Consultant
Structures) Air Content:+1.5%
WI/C Ratio : less than
65% (less than 55%
for water retaining
structure
Cement:: more than
270kg/m3)
On-site Water Contentof | JISA — Each mixing Test Result | Inthe
Concrete Small Aggregate 1111,1125 Table presence of
Mixture Surface Consultant
Grain Size of JIS A 1102 JIS A 5005 When Test Result
Aggregate received Table
Temperatures of | Temperature — Each mixing Test Result | Inthe
Water and Measurement Table presence of
Aggregates Consultant
Water and Error: less than 1 %
Cement Volumes
Slump Conform to the JIS A 1101 10.0+2.5¢cm Each placing Test Result | Inthe
Specifications Table presence of
Consultant
Air Conform to the JISA 1128 +1.5% Each placing Test Result | Inthe
Specifications Table presence of
Consultant
Compressive Laboratory — Approval of Prior to the —
Strength Consultant test
Sampling JISA1132 7day Strength: 3pcs | Every 50m3 — In the
28day strength : 3pcs placmg orl presence of
time per day Consultant
1time for one
consecutive
placing work
Conform to the JISA 1108 Design Strength= Every 50m3 Test Result
Specifications 21 N/mm2 placing or 1 Table
time per day
1time for one
consecutive
placing work
Leakage Test Conform to the Water Level No water level After the Test Result | Inthe
(Reservoir) Specifications Measurement, | draw-down after 24 structure is Table presence of
Observation hours constructed Consultant

2-2-4-6 Procurement Plan

)

Procurement of Materials and Equipment

Construction materials and equipment would be procured in Lao PDR, Japan or other countries,

according to the following considerations. Quality of materials and equipment should conform

to the requirements

e For local materials and equipment, quality and capacity of supply should be at the
acceptable level

e Easy operation and maintenance taking into account availability of spare parts

e  Appropriate price

e Availability of after-sale services

Procurement of construction materials and equipment is carried out by the contractor under the
supervision of the consultant. Local procurement in Lao PDR is preferable. But, procurement



from Japan or other countries is acceptable when materials or equipment cannot be procured in
Lao PDR. Pipe materials, not available in Lao PDR and being the larger part of the project cost,
would be procured from other countries such as India, Thailand, etc. where the price is lower.
The procurement plan for construction materials is shown in Table 2.2.4.6-1.

Table 2.2.4.6-1 Procurement Plan for Construction Materials

Name of Material Source of Procurement Remarks
Japan Lao PDR Third
Countries

1. Construction Material

Ready Mixed Concrete v

Sand and Gravel v

Cement v

Steel Bar v

Formwork Wooden Plate v

Wood v

Steel Sheet Pile and H-shape Steel Pile v piles made in Thailand

Pre-stressed Concrete Pile v piles made in Thailand

Galvanized Steel Plate v

Paints v v Inner coating paints
made in Japan for
chemical solution tank

Lubricant v

Fuel v

Water Stops v

Filter Sand v

Scaffolding and Support v Thailand made
equipment  will  be
procured in Lao PDR

2. Equipment

Pumps v

Water Treatment Equipment including v

Chemical Feeding Equipment

Electrical Equipment v

Electrical Panels v

Lighting equipment v Thailand made
equipment  will  be
procured in Lao PDR

Cables and Cable Pipes v Thailand made
equipment  will  be
procured in Lao PDR

Monitoring and Control Devises v

. Air Conditioner, Inter Phone, etc v Thailand made

equipment  will  be
procured in Lao PDR

Pipe Material (DIP) v DIP made in India,
Taiwan or China

Pipe Material (HDPE) v Thailand made
equipment  will  be
procured in Lao PDR

Valves for Intake Facility, Water v Special valves will be

Treatment Plant and Clear Water from Japan

Reservoir

Valves  for  Transmission and v Special valves will be

Distribution Pipeline from Japan




)

1)

2)

3)

Name of Material Source of Procurement Remarks

Japan Lao PDR Third
Countries

3. Equipment

Water Quality Testing Equipment v

Transportation Plan
The transportation plan for materials and equipment from different supply sources is as follows:

Materials and equipment procured in Japan:

i)
ii)
iii)
iv)
v)

Delivery to Yokohama Port by manufacturer,

Sea transport to the port in Bangkok,

Land transport by truck to Nakhon Phanom in Thailand,

Land transport by truck via Third Friendship Bridge over the Mekong River,
Land transport by truck to the stock yard in Thakhek District after customs
clearance at Thakhek District.

Materials and equipment procured in other countries (except Thailand):

i)
i)

iii)
iv)

v)

Delivery to the country’s main port by manufacturer,

Continue with steps ii) to v) as stated in 1) above, Sea transport to port in
Bangkok Port,

Inland transportation by truck from Bangkok Port to Nakhon Phanom in
Thailand,

Import by truck from Nakhon Phanom via Third Friendship Bridge over the
Mekong River,

Inland transportation by truck from Nakhon Phanom to respective stock yard
in Thakhek District after customs clearance at Thakhek District.

Materials and equipment procured in Thailand:

i)
i)

i)

iv)

Receive shipment in Bangkok City from manufacturer,

Continue with steps iii) to v) as stated in 1) above. Inland transportation by
truck from Bangkok Port to Nakhon Phanom in Thailand,

Import by truck from Nakhon Phanom via Third Friendship Bridge over the
Mekong River,

Inland transportation by truck from Nakhon Phanom to respective stock yard
in Thakhek District after customs clearance at Thakhek District.

The route for land transportation in Thailand and Lao PDR is shown in Figure 2.2.4.6-1.
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Figure 2.2.4.6-1 Route for Inland Transportation

2-2-4-7 Operational Guidance Plan

Supervision for the initial operation of equipment and facilities after completion is carried out
by the contractor. Supervision of system operations such as flow control of the water treatment
plant, flow control of the transmission pipeline and chemical dosing is carried out by the
consultant.

2-2-4-8 Soft Component (Technical Assistance) Plan

The staff of Thakhek District NPKM must have the technical skill to operate and maintain the
water supply facilities constructed under this project. The problems concerning O&M, technical
improvement needs, and the training that can be provided are described in Table 2.2.4.8-1.

There are several opportunities for technical training, such as: internal training in NPKM,
training conducted at the training center of NPNL (Vientiane Capital), explanation by contractor
at commissioning, training provided under the technical assistance component of this project,
and collaboration with Technical Cooperation Project by JICA. It is important to utilize each
opportunity to improve the technical capability of the staff.




Table 2.2.4.8-1 Problems of O&M, Technical Improvement Needs
& Their Relevant Scheme

Problems / Technical Improvement - - Technical Assistance
No Needs Training Opportunity Component of this
project

1 | Present technical staff number is 31, | Effectively utilize the several schemes | Not by Soft Component
necessary additional technical staff is | including Technical Cooperation
11. Seven existing technical staff Project (JICA), Soft Component of this
shall be transferred to Sebangfai project, Training Center (NPNL), etc.

District. Therefore, among future Concerning the training for new staff,
technical staff for Thakhek District basic water supply technology training
(42), there will be 43% new technical | should be conducted by NPKM, and
staff (18). training center (NPNL) as needed.

2 | Necessity to construct a lot of service | Utilize Technical Cooperation Project | (Service connection
connections in a limited time (3,800 for NPKM to improve the service construction skill,
for 5 years) with good quality. It is connection installation (mainly for trained by Technical
necessary for NPKM to receive business management, such as budget Cooperation Project)
technical support regarding service & procurement plan), as need arises.
connection installations.

3 | Since the existing WTP is not Contractor explains the operation of Operation and
operated effectively (e.g., individual mechanical equipment at Maintenance of WTP
flocculation or sedimentation), commissioning. However, it is
training for entire O&M of WTP is necessary to improve O&M skills of
necessary to fully generate the entire WTP, such as; control of
treatment capacity of new WTP. chemical dozing & flow speed inside

WTP, to fully generate the treatment
capacity of it. The training is
conducted by Soft Component of this
project for staff of Treatment Plant
Section, NPKM, including preparation
of operations and standard procedures
manuals.

4 | Inability to check water quality and At the NPNL training center of, water | (Water Quality Control,
safety of the as public water supply. | quality control training should be by training center of

conducted for water quality staff of NPNL, Vientiane
Treatment Plant Section, NPKM. Capital)

5 | At completion of the project, treated | Contractor explains the operation of Distribution Control
water from WTP is transmitted to 3 individual mechanical equipment at
reservoirs (2 elevated tanks & 1 commissioning. However, special
reservoir). It is necessary to coordinated operation of valve and
distribute the amount of treated water | pump, recordkeeping, and utilization of
at any time to each reservoir by the record shall be trained by Soft
watching the water level in each Component.
reservoir. Pumps and valves must be
operated to match demands.

Necessary data must be recorded and
stored.

6 | Staff number of NPKM is increasing | Training of personnel allocation (Personnel allocation
rapidly for the past several years. planning is intended to be treated in plan, trained by
Necessity of training for personnel one of the related activities of Technical Cooperation
allocation plan. Technical Cooperation Project (JICA). | Project)

Source: JPST

As mentioned in Table 2.2.4.8-1, the following 2 areas of training are proposed to be conducted
under the technical assistance component of this project.

iv)

v)

Operation and Maintenance of WTP

Distribution Control




@ Operation and Maintenance of WTP

Currently, the treated water from the existing WTP in Thakhek District has high turbidity, which
means, the water is not treated effectively. Turbidity is caused by: 1) the WTP is putting out
more water than its designed capacity; 2) flocculation is not sufficient because the chemical
dozage is not appropriate; 3) turbid materials are not removed fully at sedimentation basin or by
the filter.

Data necessary for controlling the operation, such as chemical doze volume, backwash, and
flow rate inside the WTP, are not recorded completely or not stored systematically. Current and
new O&M staff must be properly trained to ensure that the facility would be operated
consistently in an efficient manner.

The contractor responsible for procurement and construction will explain the operation of
individual equipment such as valves or pumps, at the commissioning of the facility. The training
on the integrated operation of the facility would be carried out by the consultant who designed the
WTP. Staff will also be trained on routine data acquisition, recording and archiving of records,
retrieval and use of data for control and maintenance.

Finally, the O&M manual for the WTP will be prepared. Water quality analysis and control, and
the related training will be conducted by the Lao side.. The training plan and the O&M manual
will not include the water quality analysis and control component.

2 Distribution Control

Treated water from the new ITTTTTTmTTTsssossossssoooooooos ! Legend:

WTP is taken by 2 separate i P Transmission pump
.. . ! V: Control valve

transmISSIon plpeS tO the neW — fank : BV: Butterfly valve

elevated tank and the existing d|IsEt)|<':ZtLIJT|%n Glf"“l“d ! === :Transmission pipe
- - evel : 1

WTP site (refer to Figure reservoir P\ 185.5m

2.2.4.8-1). Water from the | e

existing WTP site is then — ‘o--ooooooo - pETRRRTCISEAITN k| Ground
conveyed separately to the level :
existing distribution reservoir  p——— /u\ 175.5m
and the new elevated tank. In New WTP At Pakdong
other words, treated water from Ll
a single WTP is transmitted into Figure 2.2.4.8-1 Image of related facilities of

in 3 ways to the distribution Distribution Control

reservoir and 2 elevated tanks.

Transmission pumps are installed at the new WTP. In order to maintain the proper water levels
of the 3 water tanks which are at different elevations, flow control valves have to be opened or
closed and the transmission pumps at the new WTP switched on or off at different times.
Special training will be necessary to operate transmission pumps and flow control valves in
coordination to distribute the proper amount of water to each line by observing water levels in
3 tanks, and to record, archive, and use the water level data.

The contractor will explain the operation of individual machinery equipment including
transmission pumps and flow control valves at the commissioning of the facility. Staff will be
trained under the technical assistance component of the project on integrated plant operations,
data collection, record keeping and other related skills.

New
elevated

2-2-4-9 Implementation Schedule

The implementation schedule is shown in Figure 2.2.4.9-1. The detailed design period will be
about 5.0 months, pre-qualification and tendering period will be about 3.5 months, and
procurement and construction will be 26 months.
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Approval by Cabinet Council

E/N

Agreement for Consultation Service

Detailed Design

Notification of Prequalification

Tender

Contract for Construction

Preparation

Construction of Intake Facility

Construction of Water Treatment Plant

Construction 0f Reservoirs

Installation of Raw Water Transmission Pipeline

Installation of Treated Water Transmission Pipeline

Installation of Distribution Main Pipeline

Procurement of Equipment & Materials

Soft Components

Test Run

Figure 2.2.4.9-1

Implementation Schedule




2-3 Obligations of Recipient Country

2-3-1  Land Acquisition and Site Information

No resettlement action will be required. The construction of the intake facility, WTP, and
distribution reservoirs  will be on NPKM-owned lands or public lands which the NPKM has
the rights of use. The transmission and distribution pipelines will be installed under public
roads.

(1) Intake Pump Facility Site

There is enough space next to the existing intake pump for the new intake facility. The site is
surrounded by fences and is managed by NPKM personnel. There are a few residents on the
other side of the river but there are no buildings such as houses nearby along the river bank up
or downstream.

Source: JT
Photo 2.3.1-1 Intake pump facility planned site

(2) WTP Site

The WTP site is located outside the city center of Thakhek District. The site is vacant and is
surrounded by roads and houses. Construction materials left at the site by a previous contractor
will be removed before the start of this Project.

Source: JPST
Photo 2.3.1-2 WTP planned site

3 Pipeline Locations

All kinds of pipelines will be constructed under existing roads, most of which have two lanes
(as shown in the picture on the left), except at one location where there is a one-lane path (the
right picture). There are detours for the one-lane path.



Source: JPST
Photo 2.3.1-3 Pipelines construction sites (roads)

(4) Distribution Reservoir Site

The distribution reservoir will be an elevated tank built on a vacant public site. NPKM has
already obtained the permission to use the site which is located outside the city center in a
residential area.

Source: JPST
Photo 2.3.1-4 Reservoir (Elevated tank) planned site

2-3-2  Demolition of the Existing Intake and WTP

Existing facilities that will not be used after the completion of the project are the properties of
the GOL. In the course of discussion with the Lao side, it was agreed that demolishing such
existing facilities will be the responsibility of the Lao side. The Lao side is advised on the
following:

e  Existing intake pumps may be removed and used at other areas

e Floating verge of intake may be demolished and re-used as construction materials

e  Steel part of the treatment plant may be demolished and the steel sold

2-3-3  Power and Telephone Lines to the Project Sites

Substation equipment to be installed on the premises of the new intake and WTP will be
included in the Grant Aid portion. Installation of power line to the equipment will be the
responsibility of the Lao side. At the request of the Japanese side, NPKM has started discussion
with Lao power company (EDL).

2-3-4  Right of Way for Raw and Treated Water Transmission Mains
Water transmission and distribution pipes are will be installed along public roads. Therefore,

land acquisition for pipe laying will not be required. Since there is a plan to widen Road No. 13,
coordination of water supply and road construction will be required.



2-3-5 Installation of Distribution Mains

Distribution mains (100 to 350 mm) with a total length of approximately 40 km will be installed
by Japan Grant Aid for the expansion of the service area. Distribution mains for route WSP2-3
(150 mm), WSP2-4 (100 mm) along NR13 and route WSP6-1 (150 mm), WSP6-2 (100 mm)
eastward will be extended by the Lao side. The locations of pipelines where the extension will
be carried out by the Lao side are shown Figure 2.3.5-1.
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Figure 2.3.5-1 Locations of Distribution Mains Extended by the Lao Side
2-3-6  Construction of Distribution Sub-main Pipelines by the Lao Side
1) Distribution Sub-main Pipelines for the Existing Network

As shown in Figure 2.3.6-1, it is also necessary for the existing network system to install new
pipelines with diameters of 65 to 80 mm according to the results of network analysis.

Dia.(mm} | Length(m)
80 220
65 710
Total 930
4 >
5 Existing
Existing

Distribution Main

..... Proposed
Distribution Sub Main

Distribution Main

..... Proposed
Distribution Sub Main

Figure 2.3.6-1  Pipelines for the Existing Network System



2) Distribution Sub-main Pipelines branched from New Distribution Mains
Distribution sub-main pipelines (25 - 80 mm) branched from new distribution mains (100 - 350
mm) will be installed by NPKM for future service area (21 villages). These distribution
sub-main pipelines are planned based on AutoCAD drawings developed by NPKM. Figure
2.3.6-2 shows the locations of future expansion planned by NPKM.

—

Distribution sub-main
pipelines will be installed
for expansion to villages
which are currently not
connected to the existing
water distribution network

To mahasay
diatrict

sousd

\I\‘mﬂ

I 5

Figure 2.3.6-2 Plan of Service Area Expansion

Diameter | Length

(mm) (m)

80 7,310
Nt 65 5,550
55 5,180
Howe o L 40 4,690
connection 30 4,790
\ Dia13} 25 4,550
Total 32,070

managed by NPKM.
Installation ~ of  these
pipelines should also be
along  public  roads.
Example of pipeline
arrangements from
distribution main pipeline
to house connection is
shown in Figure 2.3.6-3.

Dia100

—— Distribution Main (Dia.350-100mm)
(Installed by Grant Aid or NPKMN)

= Distribution Sub Main (Dia. 25-80mm)
(Installed by NPKMN)

"= House Connection (Dia. 13-20mm)
(Customer Expense)

Figure 2.3.6-3 Example of Distribution Sub Main Pipe
Installation by Lao side




2-3-7  House Connection and Procurement / Installation of Water Meters

House connections branched from distribution sub-main pipelines and water meters will be
installed by the House Connection Section of NPKM. The diameter of house connections is
usually 13 mm or 20 mm and costs of house connections will be borne by the customers.

(Part of customer expense)

Property boundary

Distribution Sub

Main pipe House connection
Dia. 25-80mm: Installed by house connection
Installed by NPKMN Team of NPKMN Installed b){ customer
[

| |
Figure 2.3.7-1 Standard Installation of House Connection

The total number of new house connections by year 2020 is estimated at around 3,800.

Procurement and installation of house connections and water meters must be conducted by the
staff of the House Connection Section, NPKM, after the construction of the distribution
sub-main pipeline is completed. This cost will be borne by the applicants. The house connection
installation should start 2 to 3 months before the completion of construction of the entire
Project.

Table 2.3.7-1 shows the draft implementation schedule of house connections and water meter
installations for 3,800 households by 2020.

Table 2.3.7-1 Draft Schedule of Installation of House Connections and Water Meters
Period (year/month) | 2015/7-12 2016 2017 2018 2019 2020 Total

Installation (cases) 345 691 691 691 691 691 3,800
Source: JPST

2-3-8  Other Requirements

(1) Equipment Procurement

The following equipment was originally requested by the Lao side and will be procured by the

Lao side on their own expenses. They are not included in the list of procured equipment by

Japanese side.

e  Water meters (13 mm) x 3,800 (number of water meters originally included in request from
the Lao side was 2,000, but the study established that the total number should be 3,800)



2-4 Project Operation Plan

Operation and maintenance (O&M) tasks in Thakhek District are listed in the Table 2.4-1,
which must be conducted after the completion of construction of this project.

Table 2.4-1 Tasks of Operation and Maintenance

Name of Facilities / Equipment Daily Weekly Monthly Yearly
tasks tasks tasks tasks

Intake facility

Raw Water Intake Tower

Observing the water level of the Mekong River and
recording

Inspecting the Intake Gate

ANAY

Confirmation of the other facilities

Preparing the weekly report to the Headquarters of Nam v
Papa

Observing the highest and lowest water levels of the
Mekong River

Comparing the water levels between the meter read and
eye observation

Confirming the operation of the Hoist v

Raw Water Pump House

Confirming water levels at the intake tower

Observing the intake gate

ANANAN

Inspection the operating condition of apparatus

Preparing the weekly report to the Headquarters of Nam v
Papa

Cleaning the Intake Tower v

Oiling and greasing the headstocks of intake gates

Greasing and checking all metal hinge part

ANANAN

Making observations, such as garbage in a tower, and
sludge removal work

Taking inventory of spare parts and repair materials v

Raw Water Transmission Pipe Facilities

Checking flow meter

Checking raw water control valves

ANANAN

Inspecting transmission pipe line condition

Treatment Plant Facility

Receiving Well

AN

Checking chemical dosing pipelines

Flocculation Basins

Inspecting flock production condition

Checking the operating water level and flow depth

Performing the depth-sounding inspection of movable
overflow weir

ANEERNANAN

Inspecting the sludge valve and the headstocks

Cleaning scum on the surface of the basin and chambers

ANAN

Preparing the weekly report to the Headquarters of Nam
Papa

Draining sedimentation sludge

Inspecting plant facilities

ANANAN

Preparing the monthly report to the Headquarters of Nam
Papa

Taking inventory of spare parts and repair materials v

Chemical Sedimentation Basins




Name of Facilities / Equipment

Daily
tasks

Weekly
tasks

Monthly
tasks

Yearly
tasks

Inspecting the growing flocks

Checking the operating water level

Inspecting the depth of the sediment sludge

Inspecting sludge valve and headstock

ANANANAN

Showering scum on the surface of water

ANAN

Preparing the weekly report to the Headquarters of Nam
Papa

Removing the sediment sludge and cleaning the basins

Inspecting the plant facilities

Preparing the monthly report to the Headquarters of Nam
Papa

ANANAN

Oiling and greasing for headstock

Taking inventory of spare parts and repair materials

ANAY

Sludge draining device of Chemical Sedimentation Basins

Confirmation sediment sludge capacity of the Sediment
Basins

Check of mechanical and Electrical facilities

Sludge Basin facilities

Confirmation sludge capacity of the sludge Basins

Check of mechanical and Electrical facilities

ANAN

Filters

Confirmation power supply

Check of mechanical, electrical and instrument facilities

Confirmation of settled water condition

Filter washing works

Filter operation works

ANANANANAN

Preparing the weekly report to the Headquarters of Nam
Papa

Inspection of filter sand

Inspection of pipe line and valves

Preparing the monthly report to the Headquarters of Nam
Papa

ANANAN

Oiling and greasing for motor and rotation facilities

Wash water basin facilities

Confirmation of wash water level of basin

Inspecting water level meter

Checking mechanical and electrical facilities

ANANAN

Transmission Pump Facilities

Confirming operation of flow regulator

Checking mechanical, electrical and instrumentation
facilities

Inspecting pipe line and valves

Confirming flow rate (2 lines)

ANANEER VAN

Preparing the weekly report to the Headquarters of Nam
Papa

Inspecting pipe lines and valves

Preparing the monthly report to the Headquarters of Nam
Papa

ANAN

Oiling and greasing for motor and rotation facilities

Stocktaking of Spare Parts and Repair Materials

ANAY

Distribution Facility

Clear Water Reservoir Facilities (1,500 m®)

Inspection of Reservoir water level by level meter

Inspection of Water quality

ANAN




Name of Facilities / Equipment Daily Weekly Monthly Yearly
tasks tasks tasks tasks

Confirmation of inflow valve and outflow valves v

Condition Inspection of metal materials v

Inspection of mechanical and Instrumentation facilities v

Preparing the weekly report to the Headquarters of Nam v
Papa

Inspection of a concrete structure, piping, a valve, etc.

Compare of a water level meter and a survey water level

ASANAN

Preparing the monthly report to the Headquarters of Nam
Papa

Oiling and greasing for headstock

ANAN

Stocktaking of Spare Parts and Repair Materials

Existing Distribution Reservoir (1,650 m°)

Inspecting water level in the reservoir (by mechanical
level meter)

Inspecting water quality

Confirming operation of inflow valve and outflow valves

ANANANEER ¥

Checking mechanical water level meter

Preparing the weekly report to the Headquarters of Nam v
Papa

Inspecting concrete structures, piping, and valves

ANAN

Preparing the monthly report to the Headquarters of Nam
Papa

Stocktaking of Spare Parts and Repair Materials v

Elevated Tank Facilities (700 m%)

Inspecting water level in the reservoir (by mechanical
level meter)

Inspecting water quality

Confirming operation of the inflow valve and outflow
valves

AN NA NI N

Checking mechanical water level meter

Preparing the weekly report to the Headquarters of Nam v
Papa

Inspecting the metal structure, piping and valves.

AN

Preparing the monthly report to the Headquarters of Nam
Papa

Stocktaking of Spare Parts and Repair Materials v

Elevated Tank Facilities (600 m°)

Inspecting water level in the reservoir (by mechanical
level meter)

Inspecting water quality

confirming operation of inflow valve and outflow valves

ANANANEER ¥

Checking mechanical water level meter

Preparing the weekly report to the Headquarters of Nam v
Papa

Inspecting metal structure, piping, and valves.

ANAN

Preparing the monthly report to the Headquarters of Nam
Papa

Stocktaking of Spare Parts and Repair Materials v

Source: JPST

Based on the O&M tasks listed in Table 2.4-1, the proposed O&M organization is shown
Figure 2.4-1.




Total: 19 staff Total: 23 staff

House Connection| | Treatment Plant Note: Numbers in the

Section Section bracket means the
number of staff.

Assistant Chief 1 Assistant Chief

. : Breakdown:
Assistant Chief 2
Water Treatment | operator; 9 (3 shifts)

Plant Unit (13) Mech.& Elec.; 2
House connection Water Quality; 2
1(4)

| | Deepwell Unit (4)

| | Leakage control

*

Pumping Station
House connection | | ()]
2(4)

House connection
3(4)

Source: JPST
Figure 2.4-1 O&M Organization after Completion of the Project Facilities

The structure of the House Connection Section and Treatment Plant Section in Figure 2.4-1 will
remain unchanged in the organization of NPKM. The number of staff will increase. In the House
Connection Section, House Connection Unit 3 is newly established with 4 staff. This unit will be
responsible for service connection installations and repairs of the entire transmission &
distribution network, including the new network (about 60 km) in collaboration with House
Connection Units 1 & 2. In the Treatment Plant Section, the Water Treatment Plant Unit is
expanded from current 6 staff to 13 staff, since the new WTP is larger in capacity than the existing
one. Breakdown of the staff of the Water Treatment Plant Unit is shown in Figure 2.4-1. Seven
employees among the current staff of the above 2 Sections, will be moved to Sebangfai District. It
is necessary to recruit more staff not only for the expansion but also to fill the vacancies left by
the transfers.

To keep the staff increase to a minimum, the O&M of the new water intake will be conducted by
staff responsible for the existing intake facility (pumping station in Figure 2.4-1: 4 staff). The
elevated tanks will be operated and maintained by staff conducting inspection tours. No staff
will be stationed at the site for this purpose.

Meter reading, billing and collection staff must also be increased in the Commercial Section. In
the year 2020, the number of customers is estimated to increase by 3,800. Currently, one meter
reading staff is responsible for 800 customers on average. Therefore, it would be necessary to
add 5 employees gradually as the customer base expands and reaches the target number by
2020.

The additional number of staff required is 11, at completion of the new facilities: House
Connection Section: 4, and Treatment Plant Section: 7. By the year 2020, 5 meter readers will be
added, bringing the total number of additional staff to 16. This is the minimum required staff
complement. The increase is modest at 17% (from 97 in 2012 to 113 in 2020), while the water
supply volume will  double, together with 52% increase in customer base (additional 3,800
from the present 7,315).



Table 2.4-2 shows the annual O&M cost estimation of water supply facilities in Thakhek
District after completion of the project (year 2020 or later).

Table 2.4-2 Annual O&M Costs Estimation of Water Supply Facilities

in Thakhek District (year 2020 or later)

(Unit: million Kip)

No. Costs Year 2020
1 | Electricity cost 2,071.23
2 Chemical cost 908.89
3 | Personal cost 592.20
4 | Fuel cost 88.48
5 Others *1 5.40
6 | Maintenance cost *2 154.17
7 | Depreciation cost *3 2,040.00
8 | Total costs (per annum) 5,860.37

Note: *1; 1.5 times the actual cost for the year 2011, *2; 2 times the actual cost for the year 2011,
*3; Depreciation cost estimates only for mechanical equipment which shall be replaced by NPKM, excluding
that for the other facilities.

Depreciation cost in Table 2.4-2, calculated for mechanical equipments, is reserved in NPKM
and is used for to pay for replacement of those equipments.

Since the water supply volume in Thakhek district in the year 2020 is estimated at 11,400
mé/day based on the water demand projection, unit O&M costs per supply volume is 1,490
Kip/m®. This cost is fully recoverable from the average water supply revenue in Thakhek district
(3,118 Kip/m®). However, the revenue from Thakhek district also covers the costs incurred at
the headquarters of NPKM and the operating deficit of the local water supply system in
Khammouane province. Table 2.4-3 shows the future revenue and expenditure projection of
NPKM as a whole.

Outside the Thakhek district, it is difficult to predict the future conditions, therefore, present
revenue and expenditure amounts are assumed to be constant. In NPKM as a whole, there will
be a deficit for the first year, with a surplus to follow. There should be no critical problems with
the financial sustainability of this project, as long as the financial conditions do not become
worse than current situations in the other areas.

Table 2.4-3 Revenue and Expenditure Forecast of NPKM

after Completion of the Project
(Unit: million Kip)

No Items Year 2015 Year 2018 Year 2020 Year 2023 Year 2025
1 Revenue of NPKM 10,092 12,775 13,954 13,954 13,954
1.1 | Revenue from Thakhek district 9,111 11,795 12,974 12,974 12,974
1.2 | Revenue from the other areas 980 980 980 980 980
2 Expenditure of NPKM 10,658 11,616 12,255 12,255 12,255
2.1 | O&M costs of Thakhek district 4,263 5,221 5,860 5,860 5,860
2.2 | Total costs of the other areas 6,395 6,395 6,395 6,395 6,395
3 Balance of NPKM -566 1,159 1,699 1,699 1,699
3.1 | Balance of Thakhek district 4,848 6,574 7,114 7,114 7,114
3.2 | Balance of the other areas -5,414 -5,414 -5,414 -5,414 -5414

Source: JPST




2-5 Project Cost Estimation

2-5-1 Initial Cost Estimation

)

Project Cost Borne by Lao Side

Total Project Cost borne by the Lao side: about 1,640,500 USD (132 Million Japanese Yen).

Table 2.5.1-1 Electricity Supply Cost to Intake Facility and Water Treatment Plant

Capacity Estimated amount, USD (million JPY)
Intake facility 150 kVA 6,200 (0.5)
Water treatment plant 500 kVA 12,400 (1.0)
Total 18,600 (1.5)

*Estimated amount is based on EDL’s quotation via NPKM

Table 2.5.1-2 Distribution Main Pipelines

Pipe Size | Total Length Estimated amount, USD (million JPY)
(mm) (km)
Installation of distribution main pipeline 150 5.78 166,400 (13.4)
(Lao side portion). 100 4.22 104,300 (8.4)
Total 10.00 270,700 (21.8)

*Estimated amount is based on installation

by local contractor.

Table 2.5.1-3 Distribution Sub-main Pipelines

Pipe Size | Total Length Estimated amount, USD (million JPY)
(mm) (km)
Installation of distribution sub-main 80 0.22 5,000 0.4)
pipeline for existing distribution network 65 0.71 14,900 (1.2
Installation of distribution sub-main 80 7.31 167,700 (13.5)
pipeline from new main pipeline 65 5.55 115,500 9.3
55 5.18 90,700 (7.3)
40 4.69 73,300 (5.9)
30 4.79 65,800 (5.3)
25 4.55 48,400 (3.9)
Total 33.00 581,300 (46.8)

*Estimated amount is based on installation

by local contractor.

Table 2.5.1-4 Service Connection Cost except Water Meter (paid by Customers)

Number of household

Estimated amount, USD (million JPY)

Service connections

3,800

534000  (43.0)

*Estimated amount is based on a quotation via NPKM

Table 2.5.1-5 Water Meter Cost (paid by Customers)
Quantity Estimated amount, USD (million JPY)
Water meters 3,800 86,900 (7.0)

Table 2.5.1-6 Removal of Existing Wate

r Treatment Plant

Description

Estimated amount, USD (million JPY)

Existing water treatment plant

2,500m°/day, Constructed

of Steel Plate and RC 145,300 (11.7)
Existing intake pumping station Horizontal Pump 4 sets,
Submersible Pump 2 sets 3,700 (0.3)
and a Barge
Total 149,000 (12.0)




)

1) Date of estimates:
2) Exchange rates:

3) Period of construction:

4) Others:

2-5-2

Conditions for Cost Estimates

As of June, 2012
US$1 = 80.52 Yen

Multi Terms

Detailed Design:

5.0 months

PQ and Tendering: 3.5 months
Procurement/Construction: 26.0 months
The Project should be implemented in accordance with
the procedures of Japan’s Grant Aid Scheme.

Operation and Maintenance Cost

Table 2.5.2-1 shows the annual O&M cost estimation of water supply facilities in Thakhek
District after completion of the project (year 2020 or later). Breakdown of O&M cost estimation
is shown in Table 2.5.2-2.

Table 2.5.2-1 Annual O&M Costs Estimation of Water Supply Facilities
in Thakhek District (year 2020 or later)

(Unit: million Kip)

Note: *1; 1.5 times the actual cost for the year 2011,

No. Costs Year 2020
1 Electricity cost 2,071.23
2 | Chemical cost 908.89
3 | Personal cost 592.20
4 Fuel cost 88.48
5 | Others*1 5.40
6 | Maintenance cost *2 154.17
7 Depreciation cost *3 2,040.00
8 | Total costs (per annum) 5,860.37

*2; 2 times the actual cost for the year 2011,

*3; Depreciation cost estimates only for mechanical equipment which shall be replaced by NPKM, excluding
that for the other facilities.

Table 2.5.2-2

in Thakhek District (year 2020 or later)

Breakdown of Annual Estimated O&M Costs for Water Supply Facilities

Unit: million Kip)

Intake pump Transmission WTP Deep well Tota_l (Million
pump pumps Kip/year)
Electricity cost (Year 2020) 391.497 1,395.555 23.510 260.670 2,071.232
WTP Deep well pumps Total (Million Kip/year)
Chemical cost (Year 2020) 908.887 29.7 938.587
Unit cost Personal cost (Million
vear (Kip/month) No. of staff Kiplyear)
Year 2015 1,050,000 42 529.200
Personal cost
Year 2020 1,050,000 47 592.200
Existing fuel cost | Additional monthly No. of Total (Million
in 2011 cost (Million Kip) month Kip/year)
Fuel cost (Year 2020) 68.24 1.687 12 88.48




Chapter 3  Project Evaluation
3-1 Preconditions

Preconditions for project implementation are described in Chapter 2-3 Obligations of Recipient
Country. Major conditions are listed as follows.

Land Acquisition
The project consists of an intake facility, WTP, (transmission / distribution) pipes and distribution

reservoirs. The construction of the intake facility, WTP, and distribution reservoirs will be on
NPKM-owned lands or public lands which the NPKM has the rights of use. The transmission and
distribution pipelines will be installed under public roads. Land space required for the project
implementation has been secured already.

Demolish Work for the Existing Intake and WTP
Existing facilities that will not be used after the completion of the project are the properties of the

GOL. In the course of discussion with the Lao side, it was agreed that demolishing such existing
facilities will be the responsibility of the Lao side.

Power and Telephone Lines to the Project Sites
Substation equipment to be installed on the premises of the new intake and WTP will be included in

the Grant Aid portion. Installation of power line to the equipment will be the responsibility of the
Lao side.

Right of Way for Raw and Treated Water Transmission Mains

Water transmission and distribution pipes are will be installed along public roads. Therefore, land
acquisition for pipe laying will not be required. Since there is a plan to widen Road No. 13,
coordination of water supply and road construction will be required.

3-2 Necessary Inputs by Recipient Country

Installation of Distribution Mains and Sub Mains
Target of this project is to achieve service ratio 80 % in urban area of Thakhek by year 2020.

Although new water treatment plant and transmission pipelines and major part of distribution mains
will be covered by Japan’s grant aid, some remaining distribution mains of which length is about 10
km should be installed by Lao side.

To achieve the project target, number of house connections should be increased and distribution sub
mains which branch the house connections should also be installed by Lao side. Total length of
distribution sub mains will be about 33 km.



Installation of House Connections

To achieve service ratio 80% by year 2020, totally 3,800 house connection should be newly installed
by year 2020. These installations of new house connections are also under responsibility of Lao
side.

Increase NPKM Staff

The additional number of staff required is 11, at completion of the new facilities: House
Connection Section: 4, and Treatment Plant Section: 7. By the year 2020, 5 meter readers will
be added, bringing the total number of additional staff to 16. This is the minimum required staff
complement.

3-3 Important Assumptions

Important assumptions to secure project effects and sustainability will be as follows.

e  Serious natural disaster will not occur.
e  Serious deterioration of economy will not occur.

3-4 Project Evaluation

3-4-1 Relevance

Project Beneficiaries

The water supply system in Thakhek will be developed and improved by implementation of this
project. The service ratio in the urban area of Thakhek will increase from 50% in the year 2010 to
80% in the year 2020. By 2020 the population served will have doubled from 25,000 to 50,000..

Urgency of Project Implementation

The quality of treated water has deteriorated because the existing water treatment plant is forced to
operate under a heavy overload. Steel structures at the water treatment plant are rusted and
corroded and frequent repair work hinders plant operation. The current water service ratio in the
urban area is only 50 % and improvement and development of the water supply system is urgent and
indispensable to public health.

Consistency between the Project and Lao PDR Planning
GOL set the target of water service ratio in urban area as 80 % by year 2020 and the Project will
assist Lao side to achieve this target.



Conformity to Japanese ODA Policy to Lao PDR

GOJ policy is to focus its ODA in Lao PDR on improving the civil infrastructure. A functional
water supply system is one of the most important pieces of civil infrastructure and the project
conforms to the policy of Japanese ODA.

3-4-2 Effectiveness

The project is expected to provide the following beneficial effects:

Tangible Effects

Construction of a new water treatment plant (15,000m*/day) and expansion of distribution mains will

enable an increase in the served population and service ratio as shown on table below.

Table 3.4.2-1 Tangible Effects

- Target(Year 2020)
No. Indicator Baseline Figure 5 years after Project
(Year 2010) )
Completion
1 | Served Population 25,029 49,880
Water Service Ratio in Urban 50% 80%
Area
3 | Water Supply Capacity (Daily 7,151 14,250
Average Basis)
(m*/day)
4 | Water Supply Capacity (Daily 8,600 17,000
Maximum Basis)
(m3/day)
5 | Rate of Facility Utilization 110% 83%
(Daily Average Basis)
6 | Rate of Facility Utilization 132% 100%
(Daily Maximum Basis)

Intangible Effect

1. Existing intermittent water supply conditions are caused by dropping groundwater levels and
operational stoppages at the existing deteriorated treatment plant. The project will improve
the situation by providing a stable supply 24 hours a day and will eradicate worries about water
supply.

2. Public hygiene conditions will be improved by achieving an 80% service ratio. More people
will be able to access safe water supply and it will result in fewer cases of water related illness.

3. The quality of treated water has deteriorated because the existing water treatment plant is forced
to operate under a heavy overload The new water treatment plant will increase the production
capacity and the water treatment process will supply safe and hygienic water.
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