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PREFACE

In response to a request from the Government of the Kingdom of Nepal, the
Government of Japan decided to conduct a basic design study on the Project for Improvement of
Kathmandu Water Supply Facilities and entrusted the study to the Japan International
Cooperation Agency (JICA).

JICA sent to Nepal a study team from November 6, 2000 to December 20, 2000.

The team held discussions with the officials concerned of the Government of Nepal,
and conducted afield study at the study area.  After the team returned to Japan, further studies
were made. Then, amission was sent to Nepal in order to discuss a draft basic design, and as
this result, the present report was finalised.

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

| wish to express my sincere appreciation to the officials concerned to the Government
of the Kingdom of Nepal for their close cooperation extended to the teams.

October 2001

W e %4

Takao Kawakami
President
Japan International Cooperation Agency



October 2001

LETTER OF TRANSMITTAL

We are pleased to submit to you the basic design study report on the Project for
Improvement of Katmandu Water Supply Facilities in the Kingdom of Nepal.

This study was conducted by Japan Engineering Consultants Co., Ltd. in association
with Nippon Koel Co., Ltd., under a contract to JICA, during the period from November 6,
2000 to December 20, 2000. In conducting the study, we have examined the feasibility and
rationale of the project with due consideration to the present situation of Nepal and formulated
the most appropriate basic design for the project under Japan’s grant aid scheme.

Finally, we hope that this report will contribute to further promotion of the project.

Very truly yours,

Fefe 3%

Munetaka Morio
Project Manager

Basic Design Study Team on the Project for
Improvement of Kathmandu Water Supply
Facilities

Japan Engineering Consultants Co., Ltd.

in association with Nippon Koei Co., Ltd.
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SUMMARY

Kathmandu, the capital of Nepal, lies in the Kathmandu Valley which occupies amost a
circular area of 656 km? with north-south and east-west axes both of approximately 30 km.
Central flat land in the Valley is of around 400 km? with elevation of 1,300 m to 1,400 m,
surrounded by the mountainous region of elevation over 2,000 m. Kathmandu forms an
urban area in the Valley, unified with the neighbouring Lalitpur, Madhyapur and Bhaktapur,
showing recently population expansion as well as the industrial intensification as a political
and economic centre of the nation.  According to 1991 census, the urban area had population
of 598 thousand, and it grew to 749 thousand in a survey in 1997. If the trend of population
growth (average annual growth rate: 3.5%) maintained, it would reach almost 820 thousand in
the year 2000.

The rapid population increase and progress in urbanisation like this have been hampering
infrastructure provision and environmental conservation measures in the Kathmandu Valley,
resulting in serious deterioration of the urban environment. Specifically waterworks, which
is a key in maintaining the livelihood and human activities in the urban area at a stable level,
have failled to secure the amount of safe and hygienic water as required owing to
superannuated existing facilities coupled with construction delay of new facilities, afflicted
with a chronic water shortage and several affections associated with water quality. In the 9th
National Development Plan, 1997-2002, the Government of Nepal identified the needs of
waterworks facilities provision in the Valley to cope with the long-range prospects of water
demand, centring on the 2 major programmes. (1) implementation of new projects in the
Valley for leakage reduction, adequate management of water resources and development of
water source; and (2) the Melamchi Project seeking for water source outside of the Valley.

As concerned (1) above, the Government of Japan conducted in 1989 and 1990 “The Master
Plan Study on Groundwater Management Project in the Kathmandu Valley”, and identified 8
projects with the target year 2001. Out of the 8 projects, Mahankal Chaur and Bansbari
Projects were judged to be the most urgent for quality improvement of the existing
groundwater as well as for expansion of supply capacity through developing water source
inside the Valley. Towards these 2 Projects, a Basic Design Study “The Project for
Kathmandu Water Supply Facility Improvement” was conducted in 1991. Succeedingly in
1992 through 1995, in accordance with the Basic Design, 2 water treatment plants were
constructed under a grant aid scheme of the Japanese Government; water supply situation was
temporarily improved in the Valey. Notwithstanding, thereafter, affected by the suspension
of the Urban Water Supply and Sanitation Rehabilitation Programme (UWSSRP), World
Bank, for improvement of the existing waterworks facilities and a considerable delay of the
commissioning of Melamchi Project facilities, the situation continues in which the existing
water supply facilities might not have responded to rapidly increasing water demand, forcing
the residents to live in an aggravated hygienic condition with inconvenience in the livelihood.

Under these circumstances, the Government of Nepal requested the implementation of 3
projects out of the remaining 6 projects identified in the Master Plan Study, under a grant aid
scheme of the Japanese Government, aiming at urgently improving water supply service in the
Kathmandu Valley. The requested 3 projects are: Manohara and Balkhu Projects, both for



setting-up new water supply system through developing water source inside the Valley; and
Shaibhu Project, for augmenting the existing water supply system.

In response to the request, the Government of Japan commenced an examination of the
requested contents towards implementation of the 3 Projects.  In the examination, perceived
were: more than 10 years have passed since the Master Plan Study conducted; in water source
plan, etc., some items remain unclear; progress of the Melamchi Project implementation shall
be monitored; and so forth. As these acknowledged, it was determined to conduct a
Preparatory Study. Accordingly, JICA sent the Preparatory Study Team to Nepal from
March 9to April 5, 2000. Concluded in the Preparatory Study were: Manohara and Shaibhu
Projects both will have a high feasibility in their implementation; however, Balkhu Project
might not be justified of its implementation.

In accordance with the conclusion of the Preparatory Study, the Government of Japan
determined to conduct a Basic Design Study of the above 2 Projects with high feasibility
judged thereof. Accordingly, JICA sent the Study Team to Nepal from Nov. 7 to Dec. 19,
2000. The Study Team conducted, in Nepal, confirmation of the requested contents, field
investigation on the site, investigation of operation and maintenance system, examination of
facilities plan, and so forth, through discussion meeting with the Ministry of Physica
Planning and Works (MPPW) and Nepal Water Supply Corporation (NWSC). After
returning to Japan, the Study Team undertook the basic design, and compiled the resultsinto a
draft Report. Thereafter, JICA sent again the Study Team to Nepal, July 30 to August 8
2001, for explaining the draft Report as well as for deliberation on the contents of Basic Plan
with the counterpart officials concerned. The results are all embodied in this Report.

The target year of the Project has been set at 2006, considering the commissioning of
Melamchi Project facilities being scheduled in the year 2007. From the field investigation
and the subsequent analysis, it is revealed that the effective supply amount (consumption) is
63,900 m*/day in the urban area of the Kathmandu Valley in the current situation (in 2000)
and that it might be estimated to increase to 101,400 m*/day in the target year 2006. On the
other hand, the implementation of Balkhu Project initially requested by the Nepalese
Government has been suspended, due to the problems of water quality in the source. Like
this, in the recent years, new water source development has become difficult, qualitatively as
well as quantitatively, in the Kathmandu Valley; the augmentation of supply capacity, as
previous, through construction of new water supply facilities has been drawing to its limit.

The water supply capacity augmentation in the Project, from the cooperation direction that it
should be minimal in facility scale and contents until the Melamchi Project materialised as
well as from the situation of water source in the Valley as discussed above, would be 20,600
m°/day. For fulfilling the augmented effective supply amount of 37,500 m*/day, a measure
is required in which the currently high leakage ratio (almost 43.5%) be reduced and water
currently lost in the leakage made into effective water the users might use actually (effective
supply amount), in parallel with the water supply capacity augmentation.

In the consequence, in the Project, a basic concept applied in the planning of water supply,
shall be: the current water supply service area be sub-divided, coinciding with the existing
water supply facilities provided, supply capacity of facilities to be newly constructed in the
Project, and distribution of water demand, to reduce the current high leakage ratio through



making supply pressure distribution even as well as through reducing the average supply
pressure.

Also, in the water supply facilities plan, for the purpose of sub-dividing the water supply
service areas on the basis of the basic concept; 2 elevated tanks shall be constructed in the
southeast of Kathmandu, in Manohara Project, and direct distribution pipe to the northeast of
Lalitpur installed, in Shaibhu Project.

The Study Team has determined the contents of the Project as under, based on the initially
requested contents, in consideration of the results of field investigation, examination as above,

and others.

Basic Plan of the Project

[Manohara Project]

Facilities

Content (Amount, Specifications, etc.)

1. Water Intake Facilities

(2) Intake well
(2) Intake pump

(3) Electrical equipment

8 wells (¢ 4 mx 6.4 m depth)

2.70 m*min. x 23.5 mx 15 KW x 2 nos.
2.20 m¥min. x 23.5 mx 15 KW x 2 nos.
2.13 m*min. x 21.0 m x 15 KW x 2 nos.
1.67 m¥min. x 21.0 m x 11 KW x 2 nos.

Transformer: 200 KV

2. Water Conveyance Facilities

(1) Conveyance pipe

PVCeg 125-400 mm x 1.48 km

3. Water Treatment Plant
(1) Coagulation-Sedimentation basin
(2) Rapid sand filtration basin
(3) Clear water reservoir
(4) Sludge and discharge basin
(5) Sludge drying bed
(6) Chemicals feeding equipment
(7) Electrical equipment
(8) Constructions

920 m/basin x 3 basins (detention time: 3 hrs.)

22.68 m*/basin x 8 basins

561 m/basin x 2 basins (detention time: 1 hr.)

202 m¥/basin x 2 basins

280 m*/bed x 4 beds

1 set each for PAC, sodium hydroxide, and bleaching powder
Transformer: 750 KVA

Office, electrical room, warehouse

4, Water Transmission Facilities

(1) WTP — Bode reservoir

(2) WTP — Min Bhawan elevated tank

2.63m°min. x 52 m x 45 KW x 3 nos.
DCIPg 250 mm x 0.38 km

2.79 mmin. x 68 m x 55 KW x 5 nos.
PVCg 350 mm x 8.42 km

5. Elevated Tank

(1) Min Bhawan elevated tank
(2) Singha Durbar elevated tank

3,080 m® (RC structure, 15 m height)
2,700 m® (RC structure, 15 m height)




[Shaibhu Project]

Facilities Content (Amount, Specifications, etc.)

1. Service Reservoir 2,700 m® (RC structure)

2. Sterilising Agent Feeding Equipment 1 set for bleaching powder

3. Distribution Pipe PVCop 350 mm x 1.26 km
¢ 300 mm x 3.50 km

The Project will be implemented as a 2-phase grant aid scheme.  In phase-I, undertaken will
be the construction of water intake and conveyance facilities and water treatment plant in the
Manohara Project, and plumbing work of transmission pipesto Bodereservoir. Through this,
water will be able to supply to Madhyapur and west of Bhaktapur. In phase-ll, through
plumbing work of transmission pipes to southeast of Kathmandu and construction of 2
elevated tanks, treated water will be able to supply to Kathmandu and Lalitpur. The
construction periods required are, about 6 months for the detailed design/tendering work in
the both Phases; for water supply facilities construction, 9.5 monthsin Phase |, and 12 months
in Phase I1; totalling to approximately 19.5 months.

The direct-benefited area of the Project will be southeast of Kathmandu, Madhyapur and west
of Bhaktapur in the Manohara Project, and Lalitpur in the Shaibhu Project. Beneficiary
population will be 267,000 and 160,000, respectively, totalling to 427,000 (estimated for the
target year 2006). In addition, when these areas be supplied water with Project facilities, the
supply amount hitherto supplied to these areas with the existing facilities might be applied to
other service areas.  In consequence, water supply situation in the whole urban areas will be
equally improved. The benefiting effects of the Project would cover the whole urban
population in the Kathmandu Valley, that is, 1,007,000 in the target year 2006.

With the implementation of the Project, the following effects might directly be expected:

- Through constructing water treatment plant and augmenting service reservoir, supply
capacity will be augmented to 133,700 m*/day from the current 113,100 m*/day
(augmentation: 20,600 m*/day).

- Through constructing elevated tanks as well as plumbing work of the distribution main,
aiming at sub-division of service areas, an even distribution of pressure and the reduced
average pressure level will be effected, leading to leakage reduction. The leakage ratio
will be reduced to 32.8% from the current 43.5% (improvement: 10.7%).

- Through the supply capacity augmentation and the leakage reduction, effective supply
amount (consumption) will be enhanced with 25,900 m*/day. Per capita consumption
for domestic use will be increased to 65.5 litre/capita/day from the current 46.6
litre/capita/day (increase: 18.9 litre/capita/day).

- In Madhyapur and west of Bhaktapur currently served with unfavourable-quality
groundwater, safe and hygienic water will be supplied, and affections associated with
water quality of approximately 45,000 residents will be eliminated.



Furthermore, indirectly, satisfaction degree of the residents towards NWSC waterworks
undertaking would be raised through quantitative as well as qualitative improvement of water
supply service and securing evenness of water supply service level inthe Valley. These will
contribute considerably in obtaining the cooperation and understandings of the residents
towards the aimed waterworks facilities provision to come and smooth undertaking of
waterworks (such as in water tariff lifting-up). Moreover, the planned facilities in the
Project will be able to utilise as the facilities having an important role in fulfilling the
long-range water demand in the Kathmandu Valley, even after the Melamchi Project
materialised.

As above delineated, considerable effects might be expected in the Project implementation.
At the same time, as the Project will extensively contribute to the improvement of basic
human needs of the residents as well as stabilisation of the livelihood, the appropriateness of
the Project implementation under the grant aid scheme of the Japanese Government might be
confirmed. On the other hand, it might be considered that human resources and financial
resources of the Government of Nepal be adequate without problems in undertaking the
operation and maintenance practices in the Project.

Nevertheless, now that the following be improved or provided, the Project is to be
implemented more smoothly and efficiently:

- In Nepal, ministries, agencies and related offices having a development project proposal
are obligated with an environmental impact assessment (EIA) under the Environment
Protection Act, 1997. Accordingly, it is desirable for the counterpart agency, NWSC,
to complete the required proceduresin EIA, without any delay, for obtaining a permit of
construction commencement.

- In the Project, the water treatment equipment made in Japan will be used in view of
simplicity and durability. NWSC has already laid down the rules and regulation for the
procurement of spare-parts, etc. required in maintenance of foreign-made equipment.
These rules and regulation are expected to apply in practice to make the procurement
certain.

- At the moment, the waterworks undertaking in the Kathmandu Valley is ready to be
entrusted to the private operator in operation and management. Even after the
entrustment brought into effect, however, staff force and manpower quality of the O/M
personnel shall be maintained.

- The fundamental concept in the Project is to provide waterworks facilities aiming at
enhancement of effective supply amount through leakage reduction in the sub-divided
service areas.  Parallelly, if the existing distribution network be rehabilitated under the
programme of World Bank and others, the Project effects would be further raised, which
will be much desirable.
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Chapter 1  Background of the Project

In the 9th National Development Plan, 1997-2002, the Government of Nepal identified the
needs of waterworks facilities provision in the Valley to cope with the long-range prospects of
water demand, centring on the 2 major programmes: (1) implementation of new projects in
the Valley for leakage reduction, adequate management of water resources and development
of water source; and (2) the Melamchi Project seeking for water source outside of the Valley.

As concerned (1) above, the Government of Japan conducted in 1989 and 1990 “The Master
Plan Study on Groundwater Management Project in the Kathmandu Valley”, and identified 8
projects with the target year 2001. Out of the 8 projects, Mahankal Chaur and Bansbari
Projects were judged to be the most urgent for quality improvement of the existing
groundwater as well as for expansion of supply capacity through developing water source
inside the Valley. Towards these 2 Projects, a Basic Design Study “The Project for
Kathmandu Water Supply Facility Improvement” was conducted in 1991.

Succeedingly in 1992 through 1995, in accordance with the Basic Design, 2 water treatment
plants were constructed under a grant aid scheme of the Japanese Government; water supply
situation was temporarily improved in the Valley. Notwithstanding, thereafter, affected by
the suspension of the Urban Water Supply and Sanitation Rehabilitation Programme
(UWSSRP), World Bank, for improvement of the existing waterworks facilities and a
considerable delay of the commissioning of Melamchi Project facilities, the situation
continues in which the existing water supply facilities might not have responded to rapidly
increasing water demand, forcing the residents to live in an aggravated hygienic condition
with inconvenience in the livelihood.

Under these circumstances, the Government of Nepal requested the implementation of 3
projects out of the remaining 6 projects identified in the Master Plan Study, under a grant aid
scheme of the Japanese Government, aiming at urgently improving water supply service in
the Kathmandu Valley. The requested 3 projects are: Manohara and Balkhu Projects, both
for setting-up new water supply system through developing water source inside the Valley;
and Shaibhu Project, for augmenting the existing water supply system.

In response to the request, the Government of Japan commenced an examination of the
requested contents towards implementation of the 3 Projects.  In the examination, perceived
were: more than 10 years have passed since the Master Plan Study conducted; in water source
plan, etc., some items remain unclear; progress of the Melamchi Project implementation shall
be monitored; and so forth. As these acknowledged, it was determined to conduct a
Preliminary Study. Accordingly, JICA sent the Preliminary Study Team to Nepal from
March 9to April 5, 2000. Concluded in the Preliminary Study were: Manohara and Shaibhu
Projects both will have a high feasibility in their implementation; however, Balkhu Project
might not be justified of its implementation due to deteriorated water quality in the source.

The following are the requested contents of the Project:
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Manohara Project

(@) Surface water intake facilities

(b) Conveyance facilities (23,000 m*/day)

(c) Water treatment plant (23,000 m*/day)

- BioHfilter

- Flocculation basin

- Sedimentation basin

- Rapid sand filter

- Sludge removal facilities

- Clear water reservoir

- Chemicals feeding equipment
Disinfection equipment

(d) Service reservoir (3,000 m®)

(e) ¢ 350 mm distribution main (7,500 m)

Shaibhu Project

(@ Service reservoir (4,500 m°)

(b) @ 350 mm distribution main (3,500 m)

(c) Disinfection egquipment for bleaching powder and sodium hypochlorite
(d) Water quality monitoring equipment and instruments

Balkhu Project

(@) Surface water intake facilities

(b) Conveyance facilities (13,000 m*/day)

(c) Water treatment plant (13,000 m*/day)
Flocculation basin

- Sedimentation basin

- Rapid sand filter

- Sludge removal facilities

- Clear water reservoir

- Chemicals feeding equipment
Disinfection equipment

(d) 2 service reservoirs (1,850 m*/day each)

(e) Transmission main

- @ 350 mm (1,800 m)

- @ 250 mm (2,300 m)



Chapter 2  Contents of the Project

2-1 Basic Concept of the Project

D

)

Overal Goa and Project Purpose

Recently in Kathmandu infrastructure provision and environmental conservation have been
hampered by rapid population growth and increasing urbanisation, resulting in serious
deterioration of the urban environment. In particular, water supply service that isakey in
ensuring the stable livelihood and in maintaining human activity level in the urban
environment, has failed to supply the required quantity of safe and sanitary water, due to
superannuated existing facilities as well as congtruction delay of new facilities, which have
brought about a chronic water shortage and several affections associated with water quality.

The Government of Nepal, in the 9th 5-year National Development Plan (1997-2002),
identified the need to provide water supply facilities in the Kathmandu Valley, through
implementation of a programme with 2 mgor constituents. (1) newly-framed project
implementation, reduction of water leakage, and an appropriate management as well as
development of water resources in the Valley; and (2) Melamchi Project for water supply
development program which divert water from outside the Valley, in response to the water
demand overviewed in the long run.

The Project envisages the improvement of current water supply situation in the Valley, asa
contribution to the latest National Development Plan, through putting in operation water
resources development in the Valley, congtruction of awater treatment plant, and extension
of the existing water supply facilities. The planned facilities in the Project shall be
effectively and sustainedly utilised, even after the Melamchi Project materialised, as water
supply facilities to play an important role in meeting long-range water demand in the
Valley.

The Overall Goal and Project Purpose might be summarised as follows:

[Overall Goal]

To improve the livelihood conditions, through upgrading water supply service in the
NWSC service area (Target Area) in the Kathmandu Valley.

[Project Purpose]

1) To eliminate the shortage of supply quantity (effective water) in Target Area.
2) Toimprove quality of the water supplied in Target Area.

Outline of the Project

In the Project, for the attainment of above Project Purpose, to be carried out are the
construction of the planned facilities in the Manohara Project and the Shaibhu Project, out
of 3 Projects requested by the Government of Nepa for improvement of water supply
facilities in the Kathmandu Valley; and the study, design, and construction supervision,
relevant to the facility construction.



2-2 Basic Design of the Requested Japanese Assistance

2-2-1 Design Policy

D

In the Project to be carried out are the design of the Manohara Project and the Shaibhu
Project out of three Projects requested by Nepalese Government, since the Bulk Project
was not justified of its implementation by the JICA Preliminary Study in 2000 because of
deteriorated water quality.

The facility design shall be done according to the following fundamentals.
Fundamentals

1) Target Year of the Project

The target year of the Project is set at 2006, considering that water supply operation in the
Melamchi Project is scheduled to commence in 2007.

2) Planned Service Area (Target Area) of the Project

While the Project aims at improving overall water supply situation in the entire NWSC
service area in the Kathmandu Valley, the Manchara Project and the Shaibhu Project have
the direct-benefited areas, respectively, asfollows:

- ManoharaProject: Kathmandu Southeast, Madhyapur and Bhaktapur West
- Shaibhu Project: Lalitpur

3) Service Population

(@ Population

The population in target area is projected based on the results of national census being
conducted every 10 years and the results of a consumer survey conducted by NWSC in
1997, through the following procedures:

- Urban and suburban population is projected by logistic curve formula technique
based on national census results and saturated population in target area (density of
saturated population is set at 250 persons/ha). Refer to Fig. 2.2.1

- Rura population is projected based on population growth trends in urban and rural
areas (share of population growth rates between urban and rural areas) from 1991 to
1997.

(b) Service Ratio

Target service ratio is determined, based on the service ratio of 75.5% in urban areas and
47.2% in rural areas indicated in the NWSC consumer survey in 1997, taking into
consideration an annual increase rate of 0.5%.

(c) Service Population

The estimated service population, on the basis of population projection and target service
ratio described above, isshown in Table 2.1.1.
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Fig. 2.2.1 Population Projection (By Logistic Curve Formula Method)



Table2.2.1 Service Population
(Unit: 1,000 persons)

2001 2006

Popution | T | opaon | P50 | oio | poasion

Urban 697.8 | 77.5% 540.8 819.6 80.0% 655.7

Kathmandu Rural 116.3 | 49.0% 57.0 1274 51.5% 65.6
Total 8141 | 73.4% 597.8 947.0 76.2% 721.3

Urban 1773 | 77.5% 137.4 200.1 80.0% 160.1

Lalitpur Rural 615 | 49.0% 30.1 67.4 51.5% 34.7
Total 2388 | 70.1% 1675 267.5 72.8% 194.8

Urban 775 | 771.5% 60.1 83.2 80.0% 66.6

Bhaktapur Rural 433 | 49.0% 21.2 47.4 51.5% 24.4
Total 120.8 | 67.3% 81.3 130.6 69.7% 91.0

Urban 9526 | 77.5% 738.3 1,102.9 80.0% 882.4

Total Rural 2211 | 49.0% 108.3 242.2 51.5% 124.7
(Entire Ared) (_BI_';:r;Id 1,173.7 | 721% 846.6 1,345.1 74.9% 1,007.1

Note: The figures for urban areas are the total of urban and suburban areas.

4) Water Demand

(@) Per Capita Consumption

Water demand varies dependent upon the livelihood level, local customs and others.  Per
capita consumption for domestic use in Kathmandu is estimated as shown in Table 2.2.2,
based on a survey on water consumption by water use purpose in large cities of Japan, with
the correction meeting local conditions in Kathmandu.

Table2.2.2 Per Capita Consumption by Water Use Purpose

(Unit: litres/capita/day)

Large Citiesin Japan Kathmandu (Estimate for 2001)
Water Use Per capita Per capita
Purpose consumption by consumption by Full-plumbing Yard Tap
Purpose (1) Purpose (2)
Bath Tub 42 22
) 22 10
Bathing 40 40
Flush Toilet 40 40 12 4
Washing 63 32 11 10
Kitchen 42 22 22 10
Hand Washing 17 17 17 10
Others 11 6 6 6
Total 255 179 90 50

Notes:

(1) Per capita consumption for domestic use with 3.54 family members (survey results in the Explanatory
Notes on Design Criteriafor Waterworks Facilities).

(2) Corrected figures for domestic use with an average family size of 6.95 in Kathmandu.




The average per capita consumption for domestic use in Kathmandu is 64 litres/capita/day
in 2001, based on the above estimated figures, assuming a service ratio of 34.5% for full
plumbing and 65.5% for yard taps. Target per capita consumption for domestic use in the
Project is set as shown in Table 2.2.3, considering the increase in consumption derived
from the increasing flush toilet use and the enhancement of livelihood level based on the
average per capita consumption of 64 litres/capita/day in the base year 2001.

Table2.2.3 Target Per Capita Consumption
(Unit: litres/capita/day)

2001 2002 2003 2004 2005 2006

64.0 66.0 68.0 70.0 72.0 74.0

Consumption for public, commercial and industrial use is assumed as 22.5% of the
domestic consumption for domestic use, as aresult of the Study.

(b) Load Factor

The load factor concerning the seasonal fluctuation of water demand, is determined
through analysis of the existing data, as shown in Table 2.2.4.

Table2.2.4 Load Factor

Feb.

Mar.

Apr.

May

Jun.

July

Aug.

Sept.

Oct.

Nov.

Dec.

0.945

0.939

0.921

0.928

0.918

1.031

1.102

1111

1.096

1.068

1.024

0.919

(c) Leakage Ratio

The current leakage ratio is 43.5%, according to a demand and supply balance estimation
based on the consumption with metered connections and supply amount from the service
reservoir, the data of which is collected in the Study. Under such a circumstance that the
facility capacity strengthening might be limited constrained by the exploitable water from
the source, in order to meet water demand, a measure is required, in which the amount
currently lost in the leakage might be converted to the amount actually usable by the
consumers (effective water), through improving the leakage ratio.  In the Project, whereas
the strengthening of facility capacity will be kept minimal, the following shal be
undertaken for the improvement of leakage ratio:

- Sub-division of the existing service aresas;

- Appropriate alocation of supply amount in conformity with the water demand in the
respective areas revised; and

- (through above 2 actions), reduction of leakage by attaining an even distribution
pressure and reducing an average pressure level in the distribution network.

In the Project, in order to attain the target effective amount in the target year 2006, a
measure with the above-mentioned concept will be undertaken, aiming at improvement of
the leakage ratio.



(d) Consumption

Based on the previous indicators, the total consumption is estimated as shown in Table
2.2.5.

Table2.2.5 Tota Daily Consumption by Area
(Unit: 1,000 m*/day)

2001 2002 2003 2004 2005 2006
Kathmandu 52.1 55.8 59.6 63.7 68.1 72.6
Lalitpur 14.6 15.5 16.5 175 18.5 19.6
Bhaktapur 7.1 75 79 8.3 8.7 9.2
Total
(Entire Areas) 73.8 78.8 84.0 89.5 95.3 101.4

5) Planned Effective Water
(8 Current Water Supply Situation

Current water supply situation in the entire NWSC service area is shown in Table 2.2.6,
which was estimated basically from the demand and supply survey by the Study Team.
Among 3 kinds of estimated figures, (b) is used for the planning base in the Project.

Table2.2.6 Water Supply in 2000
(Unit: 1,000 m*/day)

@ (b) *1 ©
Estimation upon Estimation on Estimation Based
Area Demand and Maximum Demand | on Data Published
Supply Survey by and Supply by NWSC
the Study Team
Effective Water 425 44.6 48.5
Kathmandu Supply Amount 66.4 74.0 82.0
Leakage Ratio 36.0% 39.7% 40.9%
Effective Water 12.1 13.0 12.7
Lalitpur Supply Amount 25.1 28.0 32.6
Leakage Ratio 51.8% 53.6% 61.0%
Effective Water 5.9 6.3 6.4
Bhaktapur Supply Amount 10.0 11.1 11.3
Leakage Ratio 41.0% 43.2% 43.4%
Total Effective Water 60.5 63.9 67.6
0
) Supply Amount 101.5 113.1 125.9
(Entire Area) -
Leakage Ratio 40.4% 43.5% 46.3%

Notes
(1) Figuresin brackets indicate the per capita consumption (litres/capita/day)
(2) *1: Based on maximum demand and supply by applying load factor of 1.111 to (&)

(b) Panned Effective Supply

From estimated consumption in the target year (Table 2.2.5) and current water supply
situation as above, the Project shal accommodate the incremental effective water of
37,500 m*/day additionally required in the target year 2006.




Table 2.2.7 shows the effective water additionally required in the respective service areas
in the target year 2006.

Table2.2.7 Required Effective Water

(Unit: 1,000 m*/day)

Effective Water in 2006

Effective Water in 2000

Additional Effective

(Target) (Current) Water

@ (b) @-(b)
Kathmandu 72.6 44.6 28.0
Lalitpur 19.6 13.0 6.6
Bhaktapur 9.2 6.3 2.9
Tota (Entire Area) 101.4 63.9 375




(2) Supply Quantity Improvement Plan

The 2 Projects, consisting the Project, will have the water supply capacity strengthened
with 20,600m*day after the Project implementation, according to the cooperation direction
that the minimum required facility scale and contents be set in before the Melamchi Project
materialised. For this reason, the only increasing supply amount in the Project, might not
fulfill the augmentation of effective supply amount required in the target year,
37,500m*/day.

Under the circumstance that the strengthening of supply capacity by the newly-constructed
facilities be limited due to the relevance with the Melamchi Project as well asthe difficulty
of new water source development in the Kathmandu Valley, in order to respond to the
increasing water demand of the residents, the measure is required in which the currently-
high leakage ratio be reduced and the amount currently-lost in the leakage be converted to
the effective supply amount the residents might actully use.

In the consequence, in the Project, the basic concept for the formulation of water supply
plan has been set forth; the existing water supply service area shown in Fig.2.2.2 shall be
sub-divided in accordance with the existing water supply facilities, supply capacity of the
planned facilities, and the area water demand distribution (refer to Fig.2.2.3); effective
supply amount would be augmented through reducing the leakage ratio, by making supply
pressure level even aswell as by reducing the average supply pressure.

Appendix 7 summarises the examination on leakage reduction, according to the basic
concept above. The water supply plans in the respective water supply service aress,
formulated from the examination, are as under.

1) Kathmandu Service Area

At the moment, the Kathmandu service area is served by 4 water supply systems,
Mahancal Chaur, Bansbari, Balgju and Sundarighat. After the Project implementation, in
addition to these existing systems, water be supplied, with 14,800 m%day from the
Manohara Project and with 2,000 m%day from the Shaibhu Project to southeast of
Kathmandu. The current Kathmandu Service area shall be, with 2 elevated tanks
constructed, sub-divided into 7 new service areas, in accordance with the supply capacity
of facilities aswell as distribution of water demand.

It is anticipated that 19,900 m%day of effective supply amount be increased, with supply
amount increase in the Project (16,800 m%day) and through reducing the leakage ratio
(28.9%) from the current 39.7%) derived from the service area sub-division. Besides, fill-
up ratio towards the domestic water comsumption target of 74 liters/capita/day in 2006,
would be 88.8%.

2) Bhaktapur Service Area

At present, in operation in Bhaktapur Service area, are a system to supply to Madhyapur
and west of Bhaktapur after storing the groundwater of the deep- and shallow-wells in
Bhode reservoir, and Bansbari water treatment plant (the same name, but the different
plant from that in Kathmandu) to supply water to east of Bhaktapur.

-10-



The quality of groundwater of the deep-wellsis not favourable, causing several affections,
associated with water quality in the Bhaktapur Service area. After the Project
implementation, including the substitution of groundwater (4,200 m*/day), 5,900 m*/day of
water be supplied to the area. By utilizing the existing Bhode reservoir and Katunje
reservoir, the area shall be sub-divide into 3 new service areas, coinciding to the supply
capacity of the facilities and distribution of water demand.

1,800 m*day of effective supply amount would be increased, with the augmented 1,700
m°/day of supply amount in the Project, and through leakage reduction (36.7% from the
current 43.2%) derived from service area sub-division. The fill-up ratio of domestic water
consumption target, 74 liters/capita/day in 2006, would be 88.0%.

The distribution system has not been provided in Madhyapur, and the water demand there
being confined accordingly. It is foreseen that the water supply service ratio be improved
as in urban built-up areas, and the water demand rapidly increase. For this reason, in the
Manohara Project, the water supply facility capacity shall be set at 7,200 m*day, in
anticipation of the demand increase as above.

3) Lalitpur Service Area

Lalitpur Service Area is supplied water from Shaibhu reservoir and Tahakel reservoirs,
source of both are from spring in the southern Kathmandu Valley. Of these, the Shaibhu
reservoir has a small reservoir capacity compared to the available amount in the source.
(maximum 24,700 m*/day), not capable of supplying water by fully utilizing the source

capacity.

In the Project, in the Shaibhu Project, a reservoir be newly constructed to augment the
reservoir capacity to 24,500 m*day from the current 20,400 m®day. Distribution pipes be
installed from the reservoir to central Lalitpur, and the area served by Shaibhu reservoir
shall be sub-divided into 4 new service areas. Tahakel reservoir shall supply water only
to village areas, after the Project implementation.

4,200 m*day of effective supply amount be increased, with 2,100 m*day of augmented
amount of water supply (of the augmented 4,100 m*/day, 2,000 m*/day for the supply to
Kathmandu) and the leakage reduction (42.9% from the current 53.6%) derived from the
sub-division of service area. The fill-up ratio of the domestic water consumption target, 74
liters/capita/day in 2006, would be 87.8%.

-11 -
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(3) Water Quality Improvement Plan
1) Objective of Water Quality Improvement

In the Katmandu Valley, water resources devel opment was undertaken in the 70's and the
80's to cope with the rapidly increasing water demand, focusing on spring water in the
south and groundwater in the north. While the southern spring water is of extremely
favourable quality due to location at limestone plateau, the groundwater exploited from the
northern aguifer contains a high concentration of iron, manganese and ammonium nitrogen,
and has low pH values and acutely corrosive nature towards water supply facilities and
materials.

The problems associated with water quality might primarily be found in the rust-coloured
water caused by iron and manganese. Secondarily, as chlorine fed for sterilisation is
consumed by these ions, water inside the distribution pipes become non-resistant to the
contamination with disease germs, etc. Furthermore, bacteria proliferating in the pipe
might cause turbidity increase, red water and others.

The quality of surface water is aso declining with the progress of urbanisation in the
Valey, caling for precise management of water treatment with an adequate system.
However, the existing water treatment plants constructed in the 1960's, are in such a
condition that an appropriate water treatment might not be undertaken, causing the
problems associated with water quality, similarly to groundwater.

The objectives of waterworks consist in supplying safe and clean water extensively to the
residents, thereby contributing to the improvement of hygienic conditions and the living
environment. For this purpose, required are prevention of contamination in the source,
selection of an appropriate treatment system meeting water quality in the source, a precise
water quality control in the treatment plant, and further the protection of internal and
outside contamination in the distribution pipe, service connections and so on. Unless the
operation management centring around water quality control is properly undertaken in
water treatment, not only waterworks objectives would be lost, but, adversely, water-born
contagious disease might be spread.

Consequently, the Project aims at the following quality improvement, to fulfill the
fundamental objective of waterworks:

- To secure safe and hygienic quality of the water supplied, through precise water
treatment in an appropriate manner.

- To secure sterilisability in the distribution pipe, to prevent the contamination from
outside.

- To remove matters probable of causing secondary problems inside the distribution
pipe.

-14-



2) Water Quality Improvement Plan

Table 2.2.8 shows the quality of river water and river bed water at the planned intake point
in the Manohara Project, and that of river water at the point 2.5 km upstream.

The emphasized are water quality at the planned intake point measured by the Study Team.
Since there is aimost none of polluting source upstream, it is concluded upstream water
quality might be approximated with that of the planned intake point.

Table2.2.8 Quality of Manohara River Water

Water Quality Indicator River Water RI\\//ve;tZEd

Unit: | June1999* | Nov. 1999* | Nov.2000 | Nov. 2000
pH 6.8 6.8 6.8 6.8
Chemical oxygen demand (COD) mg/| 5.0 35 35 25
Biochemical oxygen demand (BOD) mg/l 29 17 22 20

Dissolved oxygen mg/l (temperature: O) 6.1(25) 7.2 (18) 8.2 (20) 7.0 (19)
Potassium permanganate consumed mg/l 55 4.8
Turbidity (NTU) degree 13 25 36 19
Chloride mg/I 45 3.0 3.0 3.3
Ammonium nitrogen mg/| <0.01 <0.01 <0.01 <0.01
Nitrate nitrogen mg/I 1.6 1.0 2.0 2.0
Total Iron mg/| 0.97 1.25 1.35 091
Total Manganese mg/I - 0.04 0.05 0.17

Remarks  *: Melamchi PMC Report; water taken 2.5 km upstream of the planned intake point in the Project.

-: Not mentioned in PMC Report.

From these, it is apparent the turbidity of river water is not so high, while the values of
COD and BOD, both indicating the extent of organic matters contained, are comparatively
high.

No quality standard is in force in Nepal, regarding raw water for waterworks.
Notwithstanding, according to the grade classification adaptable in the different water uses
in the Japanese Guidelines for the Conservation of the Living Environment, the quality of
raw water for waterworks and the treatment method specifically needed to such graded
water, are as shown in Table 2.2.9.

-15-



(4)

Table2.2.9 Quality of Raw Water and Treatment Method

Classflgatlon Range of Indicator Values Classification for

an

Grade BOD ss DO Coliform waterworks and treatment

Water Use | pH method
Purpose (mg/ly | (mg/l) | (mg/) |(MPN/100 ml)

15t Class for 1st Class for vv_at:lrworks:
waterworks & | 6.50 By comparatively

AA . . <1 <25 >75 Below 50 simplified method of
environmental 8.5
rotection treatment such as slow
P sand filtration

2nd Class for waterworks:
2nd Class for )
waterworks & 6.50 Below By ordinary .method of
A <2 <25 >75 treatment using
1st Class for 85 1,000 . .
fisheries qoagqlatlon, rapid sand
filtration and others
3rd Class for 3rd Class for waterworks:
waterworks & | 6.50 Below By high-level method of
B 2nd Class for 8.5 <3 <25 > 75 5,000 treatment such as ordinary

fisheries method plus pre-treatment

According to the Table, quality of Manahara river water corresponds to that of 2nd class
water for waterworks; however, in the dry season, some indicators have values of 3rd class
water for waterworks. Accordingly, an ordinary treatment method with a series of
coagulation, sedimentation and rapid sand filtration processes will be indispensable,
through which not only materials causing turbidity increase but organic matters, coliforms
and others might be removed.

Considering the probable quality decline to come, river bed water will be taken in the
Manohara Project. Quality of river bed water corresponds to Class 2 water for
waterworks as well, also requiring precisely conducted an ordinary treatment with
coagul ation-sedimentation-rapid sand filtration.

Water Source Plan

1) ManoharaProject

Water source in the Manohara Project will be Manohara River water.  The intake amount
shall be based on the exploitable amount in JICA Master Plan Study in consideration of the
existing water rights (refer to Table 2.2.10).

Table2.2.10 Exploitable Amount in Manohara Project
(Unit: 1,000 m*day)

Jan. Feb. Mar. | Apr. May Jun. July | Aug. | Sept. | Oct. Nov. Dec.

Groundwater - 8.4 8.4 8.4 8.4
River water 44.0 26.7 13.8 13.8 18.1 32.8 508 770 481 146 92.4 54.4
Total 44.0 35.1 22.2 22.2 26.5 32.8 508 770 481 146 92.4 54.4

The groundwater taken in the existing deep wellsis of unfavorable quality; an appropriate
pre-treatment is required in the use for raw water of waterworks. Moreover, the duration
of groundwater usage for the substitution of river water is short, only 2 months, during
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which the river discharge reduces; the cost of groundwater intake as raw water would be
almost 8 times that of river water.

In this consequence, the existing intake amount of the groundwater shall be converted to
irrigation; instead, the same amount of water shall be taken from Manohara River, as raw
water, in the Manohara Project. The planned intake amount in the Manohara Project is,
considering the above exploitable amount from the source as well as seasona fluctuation
of water demand, determined as shown in Table 2.2.11.

Table2.2.11 Planned Intake Amount in Manohara Project
(Unit: 1,000 m*day)

Jan. | Feb. | Mar. | Apr. | May | Jun. | July | Aug. | Sept | Oct. | Nov. | Dec.

Planned intakeamount | 185 | 183 | 180 | 181 | 179 | 201 | 215 | 21.7 | 214 | 209 | 200 | 179

River water for
substitution of
Break|  groundwater ) ) 42 ) 43
down|  for irrigation
River water 185 | 183 | 138 | 138 | 179 | 201 | 215 | 21.7 | 214 | 209 | 20.0 | 17.9

2) Shaibhu Project

Water source in the Shaibhu Project shall be the same existing ones (3 springs and 2 wells
in Pharping well field) from which water can be taken in a stable condition.

The planned intake amount in the Shaibhu Project is as shown in Table 2.2.12.

Table2.2.12 Planned Intake Amount in Shaibhu Project
(Unit: 1,000 m*day)
Jan. Feb. | Mar. | Apr. | May | Jun. Jul. | Aug. | Sep. | Oct. | Nov. | Dec.

Planned intake
amount 208 | 207 | 203 | 205 | 202 | 227 | 243 | 245 | 242 | 235 | 226 | 203

3) Intake Method of River Water

At present, at the planned intake point in the Manohara Project, no artificia embankment
is built, and 500 m to 600 m width of river bank are used for farming. It is, therefore,
difficult to take water through constructing intake facilities such asweir. In case the river
bed water taken in the infiltration gallery, the installation work of water collecting pipes
would require a considerable amount of costs in temporary work such as stea sheet piling
and dewatering, and might give an impact to the surrounding farm land.

In this consequence, water shall be taken in the shallow wells to be dug in the left bank of
Manohara River, within the limit of east-west 350 m and north-south 200 m, located
upstream of the existing NWSC shallow well. The area has been proven to contain
favourable strata of sand and gravel of over 10 m thickness, according to results of the
boring test and electrical probing in the Study. Asthe required number of wells cannot be
laid at an appropriate interval (more than 100 m-influential range) in the area, water shall
be taken in a group of wells 50 m to 85 m apart with each other. (Refer to Appendix 7,
relating to examination on water intake facilities).
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(5) Water Treatment Plan

So asto attain Project Objective, it is imperative that the water treatment plant be properly
operated and maintained and that its water treatment functions be displayed as planned.
If considering the technical skills of NWSC personnel to be manned at the water treatment
plant, efficient and lasting functioning of the plant requires:

- Easy operation and handling, without high-level of technical skills
- Maintenance-free, or durable with low-level of maintenance practices

And, therefore, the water treatment plant made in Japan is desirable because of both easy
and endurable characteristics in operation and maintenance.

From the above viewpoint, and based on an examination of treatment method, facilities,
chemicals, and sludge discharge system (comparative examination is included in Appendix
8, refer), the following shall be adopted in the Project:

- Coagulant mixing: Weir-type using the potential energy
- Flocculation: Vertical-baffling type

- Sedimentation: Horizontal flow type

- Sludge discharge: Hopper type

- Rapid sand filtration: Natural equilibrium type (by valve)
- Coagulant: PAC madein India

- Sterilising agent: Bleaching powder

- Sludge and drainage management: Supernatant water return, and sludge drying bed

The most important in water treatment is an appropriate control of coagulant feeding. In
the Project, PAC will be used as a coagulant, because of ease of feeding control due to its
fast coagulation effects and a wide range of proper coagulation effects.

Similarly to the importance of coagulation process, an appropriate sterilisation is also
indispensable in water treatment, in order to attain the objective of waterworks in
supplying safe and hygienic water. At the moment, in NWSC water supply facilities in
the Katmandu Valley, partly (such as in Mahankal Chaur water treatment plant) sodium
hypochlorite from the generator is used as a sterilising agent, but mostly used is bleaching
powder.

Though sodium hypochlorite being excellent in feeding control and in economic
performance, taking into account the previous maintenance situation of the sodium
hypochlorite generators (such as spare-parts procurement and eectrode replacement),
bleaching powder sterilisation equipment shall be adopted in the Project. Nevertheless,
due consideration being taken towards the characteristics of chemicals (including
coagulants) to be used in the water treatment plant, the feeding equipment capable of an
adequate control shall be used.
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(6) Construction

1

2)

3)

4)

A survey (interview survey) on the time required by Nepalese workers to complete a
unit construction work revealed that it is approximately 3 to 6 times longer than that
required by Japanese workers. From this result, it might be implied that the skilled
workers be in the shortage in Nepal. Considering this situation, the facility structure
in the Project shall be as simple as possible, so that local workers might be used in
construction work.

Most of genera-purpose construction materials can be procured in Nepal. The
common structure (fundamentally, RC structure) shall be applied in construction, not
requiring extra-ordinary materials to which loca procurement is difficult. Of
general -purpose construction materials, bricks are readily available in alarge quantity
in Nepal and will be used as structural materials for wall, etc.

Locally-available construction machinery will be utilised in Nepal. The machinery
not locally available shall be procured (leased) in third country.

The construction method causing minimum affections on traffic as well as in the
surrounding environment will be adopted, especialy in the work in built-up areas
such as transmission/distribution pipe ingalation work and foundation work for
elevated tanks.
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(7) Design Conditions
1) ManoharaProject

() Facility Capacity

- Water Intake Facilities: Planned water supply amount x 1.05
- Water Treatment Plant: Planned water supply amount x 1.05
- Water Digtribution Facilities:  Planned supply amount

(b) Intake Facilities

- Possible intake amount: AsinTable2.2.10

- Planned intake amount: AsinTable2.2.11

- Water level of river bed water: EL: +1,310.0 m (LWH)

- Waterlevel in WTPreceivingwell:  EL: +1,325.4 m (HWL)

- Intake method: Intake of river bed water in shallow wells

(c) Water Treatment Plant

Among the turbid matters, those of diameter up to 10mm can be removed through the
ordinary sedimentation; however, those of diameter below 10°mm, generally called
colloidal particulate, will not be settled as it is and cannot be caught in the process of the
rapid sand filtration. In the rapid-sand-filtration water treatment system, a pre-treatment
is indispensably required, in which these colloidal particulates are coagulated through the
unit process and characteristics transformed for easy removal in the process of
sedimentation and filtration.

The process unit might be divided functionally into two steps: in the first step, the turbid
particul ates are coagul ated into minute flocs through mixing as rapidly as possible after fed
with coagulant.; the latter step is to make the generated minute flocs grown larger in the
gentle mixing. In such the steps, pollutant are also caught in the flocs, leading to
improvement of water quality. The first step is caled mixing, and the latter step as
flocculation. The basin is, accordingly to the functions, composed of the mixing basin and
the flocculation basin.

The process from coagulant feeding through the mixing to the flocculation is important in
the succeeding process of the sedimentation and the rapid sand filtration, being an essential
factor in the effectiveness of water treatment. In consequence, the state of the
flocculation shall, at al times, precisely controlled in the water treatment plant.

a) Coagulation Sedimentation Basin
[Mixing Basin]

This process is, considering the coagulant’s characteristics of extremely quick hydrolysis
and polymerisation, to conduct rapid mixing to generate a lot of smal colloids of
aluminum hydroxide, achieve an uniform dispersion of colloids, and facilitate the reaction
of turbid colloids dispersed in raw water.

Nevertheless, otherwise regarded as an electrochemical surface reaction of much
complicated particul ates, an excessive agitation might destroy the electrochemical binding
of generated colloids with strong shearing force. The formation of favorable flocs will be
thereby hampered in the next flocculation process.
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G (mean velocity gradient) value is an indicator of mixing process, indicating the level of
shearing force and awork amount. Target of G value differs dependent upon the quality
of raw water and treatment amount.

Ordinarily, the standard value is set in the facility design at 100 to 200 sec™ for G.

- Gvdue 100 - 200 sec™
- Detention time: approximately 1 - 5 minutes

[Flocculation Basin]

The coagulation is the most important process in the rapid sand filtration-type water
treatment system, and the maturing of minute flocs generated in the mixing process into a
heavy, hard and uniform state is required.

For the formation of excellent flocs to be removed, it is desirable to produce a gradual
decline of G value: approximately 70 to 80 sec™ in high speed zone, 40 to 50 sec’ in
medium speed zone, and 15 to 20 sec™ in low speed zone. GT value s set in the facility
design at 23,000 to 210,000.

- Vertica baffling type

- Detention time: approximately 30 minutes

- Gvaue upstream side 70 sect
downstream side 15 sec™

- GTvaue 23,000 - 210,000

[Sedimentation Basin]

Most of flocs grown larger and heavier, after chemical feeding, mixing and flocculation,
shall be separated through sedimentation to reduce the burden in the succeeding rapid sand
filtration basin.

- Drift-type sedimentation basin

- Detention time: approximately 3 hours
- Flow speedin basin: 15 - 40 cm/min.
- Sludge hopper: the basin is designed for 80% of flocs to be

accumulated in the upstream one-fifth area of the
basin, where a hopper is installed for sludge
discharge at suitable intervals.

b) Rapid Sand Filtration Basin

The rapid sand filtration is to obtain the fina treated water, involving filtering of the
minute flocs passed through the sedimentation basin at a speed under the prescribed level
through making flocs stick to the surface of filtering materials.

- Filtering speed: 120 - 135 m/day

- Backwashing: 0.6 m¥m?/min.x 6 minutes

- Surface washing: 0.2 m¥m/min. x 4 minutes, fixed-type surface
washing system

- Sand layer: effective diameter of 0.6 mm; uniformity coefficient

of 1.7 or lower layer thickness; 0.6 m
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- Gravel layers: 2-35mm;35-7mm; 7- 13 mm; 13- 20 mm
layer thickness; 50 mm each

- Water collecting equipment: self-cleaning type perforated blocks

- Effectivefiltering head: 12m

¢) Clear Water Reservoir

The clear water reservoir functions to maintain filtration speed at an appropriate level
through control and mitigation of fluctuation effects in treatment amount and transmission
amount. Its capacity shal be sufficient to cope with power cut or sudden alteration of
transmission amount.

- Reservoir capacity: equivalent to 1 hour operation (con-currently to be
used as areservoir of backwashing water)
d) Coagulant Feeding Equipment

A coagulant is used to make minute particles suspending in raw water form the flocs to be
removed easily in the sedimentation and the sand filtration.

- Coagulant: PAC (poly-aluminum chloride); effective Al,Os:
30%; PAC is dissolved and diluted into 5% solution
for feeding.

- Feeding rate: P=02T+036 T (T: turbidity)

- Averagefeeding rate: rainy season: 6.8 mg/l (5% PAC)
dry season: 5.2 mg/l (5% PAC)

- Dissolution tank: powdered PAC with content of Al,Os;: 30% be
dissolved by agitation, making 5% solution.

- Transfer pump transfer the solution from dissolution tank to storage

- Storagetank: the storage capacity is equivalent to the maximum
feeding amount of one day.

- Feeding equipment: feeding pump

e) Alkaline Agent Feeding Equipment

The surface water to be treated in the Project has low pH values and akalinity, especially
in the rainy season. Accordingly, in order to raise coagulation efficiency, the akaline
agent shall be fed. However, PAC is less acidic than aluminum sulfate, and has not an
effect of lowering pH value so much. In addition, owing to the wide-range coagulation
ability of PAC, the feeding operation is not required so frequently.

- Alkaline agent: sodium hydroxide is dissolved into 10% solution for
feeding.

- Averagefeeding rate: 10 my/l

- Dissolution tank: granular sodium hydroxide be dissolved by agitation,
making 10 %

- Transfer pump transfer the solution from dissolution tank to storage

- Storagetank: the storage capacity is equivalent to the maximum
feeding amount of one day.

- Feeding equipment: feeding pump
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f)  Sterilisation Agent Feeding Equipment

- Prechlorination for prevention of formulation of algae
Average feeding rate: 0.3 mg/l
Sterilising agent bleaching powder
Feeding point receiving well
- Post-chlorination for sterilisation of filtrated water, control residua
chlorine in the treated water at 1.0 mg/I.
Average feeding rate: 1.5 mg/l (effective chlorine)
Sterilising agent: bleaching powder (15% effective chlorine content)
Feeding point In front of regulating weir in the filtration basin
- Dissolution tank bleaching powder be dissolved by agitation, making
0.5 % solution
- Transfer pump transfer the solution from dissol ution tank to storage

and circulating the solution in the storage tank to
prevent the sediment fixed in the equipment.

- Storagetank: the storage capacity is equivalent to the maximum
feeding amount of one day.
- Feeding equipment feeding apparatus

(d) Transmission System

The transmission system to be adopted in the Project, is as follows, based on the relevant
examination:

a) Bhaktapur West service area and Madhyapur service area

For Bhaktapur West, newly installed transmission pipe from the water treatment plant to
Bode Service Reservoir will be branched off to connect to the existing transmission pipe
from Bode Reservoir to Katunje Service Reservoir. The water will be conveyed to
Katunje Service Reservoir by pump pressure and supplied.

For Madhyapur, water will be conveyed by pump pressure from the water treatment plant
to the existing Bode Service Reservoir and supplied. Transmission pipe will be jointly
used with Bhaktapur West service area.

- Transmission capacity: 5,900 m*/day (maximum time factor of 1.25)
Bhaktapur west system 2,500 m*/day
Madhyapur system 3,400 m*/day
- Pumping-up Head : 44 m
WTP clear water reservoir LWL=+1319.0m
Existing Bode reservoir HWL=+1363.0m
Existing Katunje reservoir HWL=+1350.4 m

b) Kathmandu Southeast service area

Water will be conveyed by pump pressure from the water treatment plant to the Min
Bhawan elevated tank (capacity: 3,080 m®).

- Transmission capacity: 14,800 m*/day (maximum time factor of 1.25)
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- Pumping-up Head: 6.55m
WTP clear water reservoir LWL=+1319.0m
Min Bhawan elevated tank HWL= +1325.55m

(e) Elevated Tanks

a) Min Bhawan elevated tank

An elevated water tank (storage capacity: 3,080 m®) will be constructed at Min Bhawan
located in the centra part of the Kathmandu Southeast service area for efficient supply of
water to the said service area as well as other service areas.  The storage capacity will be
equivalent to the supply amount of five hours.

b) SinghaDurbar elevated tank

The current supply amount in the Mahankal Chaur system to Kathmandu Southeast service
area, which is the direct-benefited area of the Manohara Project, will be applied to other
service areas, while setting up of an appropriate service area corresponding to the supply
capacity of the existing water supply system. For this purpose, an elevated tank (storage
capacity: 2,700 m°) will be constructed at Singha Durbar, and sub-division of the service
area will be made for the efficient water supply to the different service areas, towards
attainment of supply evenness and improvement of the leakage ratio in the whole
Kathmandu service area, making the present leakage effective.

(f) Structure of the Basins

The water treatment plant described above has a complex structure with different types of
water basins. The water depth in each basin rangesfrom3 mto5m. In such asituation
that one basin is full and the next is empty, the partition is under the high water pressure.
In addition, water leakage have to be prevented as much as possible from the cracks made
by temperature fluctuation or caused by uneven sinking.

These water basins will be made of reinforced concrete (RC), and proper quality control of
concrete and procurement of reinforcing bars of favourable quality are the prerequisite in
the structural design aiming at a high level of pressure resistance and water-proofing.
The alowable stresses in the respective materials are as follows, based on the Guidelines
for Concrete Standards of Japan Society of Civil Engineers (1996):

- Compressive stress of concrete oca= 8.0 N/mm’
- Tensile strength of reinforcing bars osa= 176 N/mm?
- Shearing stress of concrete ta= 0.425 N/mm?

(g) Foundations

The tilting caused by uneven sinking might lower the functions of the water treatment
plant by making control of an even overflow from the basins difficult. Accordingly, it is
required for foundations to have sufficient bearing capacity as well as to provide an even
bearing capacity to all members of the structure.

The bearing capacity of the ground at the water treatment plant site is estimated over 120
kN/m?, according to N value in the standard penetration test by the Study Team. On the
other hand, structure load is 50 to 100 kN/m?®  From these, spread foundations shall be
adopted towards the structures inside the water treatment plant.
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At construction site for the Min Bhawan elevated tank, consolidation layers were
recognised partially. Since allowable bearing capacity of these layers is insufficient to
support the elevated tank, pile foundations shall be adopted.
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2-2-2 BasicPlan

(1) Manohara Project
1) OQuitline
A water treatment plant with the maximum water supply capacity of 20,700 m®day
(treatment capacity: 21,700 m*/day) will be constructed at the foot of a hill of the existing
Bode reservoir, for the treatment of surface water to be newly taken from the Manchara

River (including intake/conveyance facilities). From the water treatment plant, water will
be supplied to the service areas of Bhaktapur West, Madhyapur and Kathmandu Southeast.

In the Project, the planned water supply system might be diagrammed as below.

Katunje Reservoir N West Bhaktapur
(2,000m?) Service Area
<Surface Water> Manohara Water Bode Reservoir N Madhyapur
Manohara River Treatment Plant (1,000m) Service Area
(20,700m*/day)
Min Bhawan ELT .
(3,080m°) o
Southeast
Mahankal Chaur K athmandu
Water Treatment Plant .
Srrvice Area
Singha Durbar ELT R
(2,700m°)

=|EI= : Planned facilities

<<<<<<<<<<<<<<<<<<<<<< : Existing system (to be altered after the Project)
Fig.2.2.4 Water Supply System after Project Implementation (Manohara Project)

2) Intake Facilities

(@ Intake Facilities

The planned intake amount of 21,700 m3/day will be taken from Manohara River, as a
source of the Manohara Project.  In the dry season when river discharge reduces, the same
amount as planned to be taken in the existing wells will be taken so that the water from the
existing wells might be used for irrigation purpose, etc. in addition to the possible intake
amount (minimum 13,800 m*/day) as examined in JICA Master Plan Study to secure the
exigting water rights such as for irrigation. The river water will be taken in the shallow

wells.
- Planned intake amount: planned supply amountx 1.05
= 20,700 m*/dayx 1.05 = 21,700 m*/day
- Shdlow wells: 8 nos. (diameter: 4 m, depth: 6.4 m)
- Intake pumps: 2.70 m¥min.x 23.5 mx 15 KWx 2 nos.

2.20 m¥min.x 23.5mx 15 KWx 2 nos.
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b)

2.13m¥min.x 21.0 mx 15 KWx 2 nos.
1.67 m* min.x 21.0 mx 11 KWx 2 nos.
Conveyance pipe: PVC(VP/IVM)@ 125 - 400 mmx 1,475 m

Electrical Equipment

Power Receiving and Transforming System

Receiving 11 KV of 3 phase 3 wires shall be transformed to 400V/230V of 3 phase 4
wires, to be supplied to power load and lighting | oad.

Power receiving equipment is of cubicle type made of iron plate.

Primary: 3 phase 3 wires 11 KV 50Hz

Secondary: 3 phase 4 wires 400V/230V 50Hz

Transformer(oil immersed): 200 KVAXx 1 no.

Trunk Power System

Feeder cable will be installed to connect the secondary of exterior cubicle to the
respective intake pump control panels.

Feeder cable will beinstalled in the air, due to the location along the river, and poles
will be put up at 40 minterval to support the cable.

Electricity

Power load (pump): 3 phase 3 wires 400V 50Hz

Lightning load (exterior light): 1 phase 2 wires 230V 50Hz

Intake pump control panels: 4 nos. (exterior, water-proof type, installed on the

pole)

Power Distribution System

Power wire will beinstalled from intake pump control panels to the pumps.
Intake pumps operate automatically in response to water level.

Lighting System

Exterior lighting will be instaled at each intake pump for security in the night.
Mercury-vapor lamp of 100W will be used.

An extra power-outlet socket of capacity 2P-10A will be instaled a each intake
pump.

Others

A lightning rod will be installed at each intake pump control panel, in order to protect
the equipment from fire and damage to be caused by lightning.
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(d)

Water Treatment Plant

Facility capacity

Planned treatment amount:
Planned supply amount:

Receiving well and mixing basin

Number of basins:
Capacity of basin:

Detention time:
Mixing method:

Flocculation basin

Capacity of basin:

Number of basins:
Detention time:
Type of flocculation:
lower bent sections:
overflow weirs:

G vaue:

Sedimentation basin
Capacity of basin:
Number of basins:

Detention time:
Flow rate:

Sludge removal equipment:

hopper capacity:
number of hoppers:
sludge discharge valve:

Rapid sand filtration basin

Filtration area of basin:
Number of basins:
Filtration rate:
Filtration layer:
effective diameter:
uniformity coefficient:
layer thickness:
Supporting layer:

layer thickness:

20,700 m*/dayx 1.05 = 21,700 m*/day
20,700 m*/day

1basin

approx. 50 m* and 33.5 m®

(3.0 mwidthx 3.85 m depthx 4.3 m length)
(2.5 mwidthx 3.35 m depthx 4.0 m length)
approx. 5.5 min. (for maximum water amount)
gravity fall

454 m®

(2.0m widthx 3.2 m depthx 8.0 m lengthx 18rows)
18 basins

30 min.

vertical baffling

5 places

5 places

15- 66 sec.™

920 m® (per basin)

(7.0 mwidthx 2.8 m depthx 46.1 m length)
3 basins

3 hours

25.2 cm/min.

3.3 m? (per basin)

45 nos.

15 nos.

(sludge is discharged through a discharge valve of
¢ 250 mm from 3 hoppers)

22.68 m* (3.15mx 7.2 m)
8 basins

120 - 137m/day

filtration sand

0.6 mm

below 1.7

0.6m

gravel (2 to 20 mm)

0.2m
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Water collecting device:

Raw water distribution device:

Discharge device:
water discharge trough:
water discharge gate:
Backwashing:
backwashing rate:
backwashing flow rate:

replenishment flow rate:

replenishment pump:
repleni shment pipe:
Surface washing:
surface washing rate:
surface washing valve:
surface washing pump:
surface washing pipe:
Clear water equipment:
clear water gate:
Filtration control weir:

self-washing type perforated blocks (bottom)
0.9 m-width weir plate
¢ 300 mm soft-sealed valve

400 mmx 400 mmx 3,400 mmx 5 pieces/basin
600 mm sguare

0.6 m¥/m?/min.x 6 min.

22.68 m*/basinx 0.6 m*m?min. = 13.61 m*/min.
13.61 m*¥min.x 6 min. = 81.66 m*
maximum 4.54 m¥/min.

454 m¥min.x 5mx 11 KWx 1 unit

¢ 250 mm

fixed-type surface washing device

0.2 m¥m?/min.x 5 min.

¢ 250 mm soft-sealed valve

4.54 m¥/min.x 20 mx 30 KWx 2 units
@ 250 mm

500 mm sguare
1.5 m-width weir platex 10 nos.

Clear water reservoir (concurrently to be used as areservoir of backwashing water)

Number of basins:
Capacity of basin:
Detention time:
Inflow gate:
Outlet gate:

2 basins

561 m® (per basin)
approx. 1 hour

500 mm squarex 2 units
500 mm squarex 2 units

Coagulant dissolution and feeding equipment

Coagulant:

Dissolution tank :
Average feeding rate:

surface water (rainy season):
surface water (dry season):

Storage tank:
Transfer pumps:
Feeding pumps:

poly aluminum chloride (PAC) effective Al,Os:
30%

PAC with 30% of effective Al,O; is dissolved, and
diluted into 5% solution, thereafter to be fed.
feeding ratio:

PO 0.2 TO 0.36+/T (T: turbidity in raw water)

1.0 m*x 2 nos. (with an agitator)

6.8 mg/l (as Al,Os: 30% PAC)
5.2 mg/l (as Al,Os: 30% PAC)
2mx 2 nos.

301/ min.x 2 nos.

5 nos.
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(h) Alkaline dissolution and feeding equipment

(i)

Alkaline agent:

Average feeding rate:
Dissolution tank:
Transfer pumps:
Solution storage tank:
Feeding pumps:

sodium hydroxide

solid sodium hydroxide is dissolved into 10%

solution to be fed

10 my/l

1 mx 2 tanks (with an agitator)
30 I/min.x 2 units

2m’x 2 tanks

4 nos.

Sterilisation equipment (bleaching powder dissolution and feeding equipment)

Bleaching powder with 15% effective chlorine is dissolved into 0.5% solution, and fed.

Pre-chlorination
feeding point:
average feeding rate:
dissolution tank:
transfer pump:
storage tank:
feeding apparatus
Post-chlorination
feeding point:
average feeding rate:
dissolution tank:
transfer pump:
storage tank:
feeding apparatus

Sludge and drainage basin

Number of basins:
Effective capacity of basin:

receiving well

0.3 mg/l

1 mx 2 tanks (with an agitator)
30 1/min.x 2 nos.

2.0m’x 2tanks

4 units

in front of regulating weir in the filtration basin.
1.5 my/l

1 mx 4 tanks (with an agitator)

30 1/min.x 2 nos.

2.0 m’x 4 tanks

6 units

2 basins
202 m® (per basin)

Supernatant water return equipment
Supernatant water return pump: 2.3 m¥min.x 10 mx 11 KWx 2 units

Return water pipe:

Sludge Drainage equipment
Drainage pump:

Drain pipe:

Sludge drying bed

Number of beds:

Capacity of bed:

Sampling equipment
Sampling pump:

Sampling pipe:

DCIPp 200 mmx 99 m

0.67 m¥min.x 9mx 3.7 KWx 2 units
PVC(VP)@ 100 mmx 97 m

4 beds
280 m* (per bed)

35 I/min.x 15 mx 0.75 KWx 2 units (including 1

reserve)

PVC(VP)@ 40mmx 77 m
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b)

c)

Residual chlorine meter 1 no.

Internal water supply unit
Supply pump:0.5m¥min.x 30 mx 3.7 KWx 2 units

Supply pipe: PVC(VP) 40-80 mmx 140 m
Water Quality Monitoring Equipment
Turbidity meter: 1 no.

pH meter: 1no.

Electrical Equipment

Power receiving and transforming system

Electricity is supplied to power load and lighting load, by receiving 11 KV 3 phase 3
wires and transformed to 400V/230V 3 phase 4 wires.

Power receiving equipment is of cubicle type made of iron plate.

Primary: 3 phase 3 wires 11 KV 50Hz

Secondary: 3 phase 4 wires 400V/230V 50Hz

Transformer (oil immersed): 750KVAXx 1no.

Trunk power and lighting system

Trunk power and lighting wires is installed to connect the secondary side of low
voltage distribution panel in the interior cubicle up to power control panels and
lighting control panels.

Feeder cableislaid underground with the steal-sealed cable (MAZV).

Interior wiring is installed concurrently on cable ladder and in pipe. Polyethylene
cablefor bridge (CV) is used.

Electricity

Power Load (Pump): 3 phase 3 wires 400V 50Hz

Lighting Load (Exterior light): 1 phase 2 wires 230V 50Hz

Power distribution system

Distribution panel isinstalled for the group classified by load and equipment.
Distribution panel is self-standing type made of iron plate. Stainless shall be used
where the corrosion-proof measure is required. The same applies to the inner parts
of the panel.

Distribution panels (interior): 7 nos.

Lighting system

Interior lighting: Fluorescent lamp starting by a grow lamp

Exterior lighting: Mercury-vapor lamp is installed for security in the
night. It operates manually.

Averageilluminance level: office: 300 Lx,
laboratory: 200Lx,
mechanical room: 100Lx

Control panels: 7 nos.

Others

A lightning rod is installed at each intake pump control panel, in order to protect the
equipment from fire or damage caused by lightning.
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4)

(@

5)

(@

Transmission Facilities

Bhaktapur West service area

Transmission pump: 2.63 m*/min.x 52 mx 45 KWx 3 units (including
one reserve unit)

Transmission main: DCIPg 250 mmx 382 m

Kathmandu Southeast Service Area

Transmission pump: 2.70 m¥min.x 68 mx 55 KWx 5 units (including
one reserve unit)
Transmission main: PVC(VM)@ 350 mmx 8,251 m

DCIPg 350 mmx 172 m
Elevated Tanks

Min Bhawan €levated tank

Number: 1no.

Capacity: 3,080m* (5 hours amount of the planned water
supply)
14,800 m*/dayx %D 3,080 m’®

Singha Durbar elevated tank

Number: 1 no.

Capacity: 2,700m® (5 hours amount of the planned water

supply)
13,000 m?/dayx % 0 2,700 m®
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(2) Shaibhu Project

1

The existing Shaibhu system will be improved to increase water supply capacity to 24,500
m*/day through construction of a new reservoir in the same yard of the existing one,
including ssimplified filtration and sterilisation equipment.
mm distribution pipe, supplying water to the current 2 division of East and West service
areasin Lalitpur, anew distribution pipe of diameter 300/350 mm will be installed, and the

Outline

water be supplied by gravity.

In addition to the existing 500

In the Project, the planned water supply system might be diagrammed as bel ow.

2)

(a) Distribution reservoir

To make available capacity of 5-hour operation of the planned supply amount, a new

<Spring Water> Shaibhu VDC
SaMu Existing Existing Pipe» 100mm
Sesh Nargjan p»|  Shaibhu Reservoir West Lalitpur
(2 400m3) Existing Pipe » 500mm g Service Area
Kutori Mul .

<Groundwater> .| South East Lalitpur

PH1 - | Proposed " Proposed Pipe ¢ 300/350mm Service Area

Shaibhu Reservoir
PH2 (2,700m°) "

North East Lalitpur

Service Area

Legend

=|§|= : Proposed facilities

: Existing system (to be altered after the Project)

Fig.2.2.5 Water Supply System after Project |mplementation (Shaibhu Project)

Distribution facilities

reservoir will be augmented to fill the shortfall with the existing one.

Number of reservoir:
Capacity of reservair:

1 reservoir
2,700 m®

24,500 mP/dayx 2_54 = 5,100 m®
5,100 m® - 2,400 m® (existing) = 2,700 m®

(b) Sterilisation equipment (Bleaching powder dissolution and feeding equipment)

Bleaching powder with effective 15% chlorine will be dissolved into 0.5% solution, and
fed.

Feeding point:

Average feeding ratio:

Dissolution tank:

receiving well

1.5mg/l

1 mx 3tanks (with an agitator)
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3)

Transmission pump: 30 I/min.x 2 nos.
Storage tank: 2m’x 3tanks
Feeding apparatus: 2 units

Electrical Equipment

Power Receiving and Transforming System (Existing)

Receiving: 11 KV 3 phase 3 wires 50Hz
Secondary: 400V/230V 3 phase 4 wires 50Hz
Transformer (oil immersed): 50 KVAx 1 unit

Trunk Power System

From the secondary side of the existing transformer, feeder and power wires are
branched off to supply power to the feeding control panel, with newly ingtalled a
switch on the pole.

600V cross-linked polyethylene insulated vinyl sheathed cables (JIS 3605) (CV) is
used.

Electricity

Power Load (feeding pump): 3 phase 3 wires 400V 50Hz

Lighting Load (fluorescent): 1 phase 2 wires 230V 50Hz

Power Panel (Interior type): 1no.

Power Distribution System
Power supply wiring connects the power panel with the feeding control panel.
Lighting System

Wiring for power supply from the power panel to the lighting fixture, switches and
power-outlet sockets.
Lighting Fixture: Fluorescent lamp is used; the average illuminance level is 200Lx.

Water Quality Monitoring Equipment

Residual chlorine meter 1 no.
Turbidity meter: 1no.
pH meter: 1 no.

Distribution main

Shaibhu reservoir to North-east Lalitpur service area

Lalitpur service area: PVC(VP)p 300 mmx 3,454 m
DCIPg 300 mmx 46 m
PVC(VM)@ 350 mmx 1,263 m
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2-2-3 Basic Design Drawings
(1) Manohara Project

Basic design drawings in the Manohara Project consist of the following:

Drawing No. TITLE

M-1 LOCATION MAP

M-2 WATER INTAKE GENERAL LAYOUT

M-3 WATER INTAKE STRUCTURE

M-4-5 RAW WATER CONVEYANCE PIPE (WATER INTAKE - WATER TREATMENT PLANT)
M-6 WATER TREATMENT PLANT GENERAL LAYOUT

M-7 WATER TREATMENT PLANT DIFFERENCE IN WATER LEVEL

M-8 WATER TREATMENT PLANT FLOW SHEET

M-9-12 FLOCCULATION AND SEDIMENTATION BASIN STRUCTURE AND FACILITES

M-13- 14 RAPID SAND FILTER STRUCTURE AND FACILITES
M-15- 16 CLEAR WATER RESERVOIR STRUCTURE AND FACILITES

M-17 SLUDGE AND DRAINAGE BASIN STRUCTURE AND FACILITIES

M-18 SLUDGE DRYING BED STRUCTURE

M-19 BLEACHING POWDER FEEDING ROOM

M-20 OFFICE & LABOLATORY, STORE

M-21 POWER ROOM

M-22 FLOW DIAGRAM OF COAGULANT (PAC) FEEDING EQUIPMENT

M-23 FLOW DIAGRAM OF BLEACHING POWDER FEEDING EQUIPMENT

M-24 FLOW DIAGRAM OF SODIUM HY DROXIDE FEEDING EQUIPMENT

M-25 ELECTRICAL INSTALLATIONS PLAN ( WATER TREATMENT PLANT)

M-26 ELECTRICAL INSTALLATIONS PLAN ( WATER INTAKE)

M-27 ELECTRICAL SYSTEM

M-28 SINGLE LINE DIAGRAM

M-29 POWER AND LIGHTING DIAGRAM

M-30 WATER TRANSMISSION PIPE (WATER TREATMENT PLANT - BODE RESERVOIR)
M-31- 38 WATER TRANSMISSION PIPE (WATER TREATMENT PLANT - MIN BHAWAN ELT)
M-39 MIN BHAWAN ELEVATED TANK GENERAL LAYOUT

M-40 - 41 MIN BHAWAN ELEVATED TANK STRUCTURE

M-42 SINGHA DURBAR ELEVATED TANK GENERAL LAYOUT

M-43 - 44 SINGHA DURBAR ELEVATED TANK STRUCTURE
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(2) Shaibhu Project

Basic design drawings in the Shaibhu Project consist of the following:

Drawing No.

S1
S2
S3-4
S5
S6~9
S10

TITLE

LOCATION MAP

NEW SHAIBHU RESERVOIR GENERAL LAYOUT

NEW SHAIBHU RESERVOIR STRUCTURE

FLOW DIAGRAM OF BLEACHING POWDER FEEDING EQUIPMENT
WATER DISTRIBUTION PIPE (NEW RESERVOIR - LALITPUR)
ELECTRICAL SYSTEM

-36-



AON3OV NOLLYYHIJOO0D TYNOLLYNHILNI NvdYr

N [ onbumeg | locznr | aeqg

dVAI NOILYJO1

SOV ATddNS HALVM NONVAHLYY 40
INIFWIAOUANI YO 103roNd

TYd3N 40 WOQONDI
NOLLYHOdHOO ATddNS HALYM TTVdIN

"soy [aUpeyeL

Ilom daaq Bunsixz: v
iom 6ng Bbunsix3: e
nonsasay bunsix3: [l

e

o ¥

dim Bunsix3:
UNGVLIVYHE jo 1sep : [T adlg uoissisubl) pasodoig: ==== 5%y nugieys
uD) Pa}DAd) asodoiy:
undvAHavi : oL PR d % m%oaeu w ~ \
NONVHLYY JO 3503 4anos : m adig4 8oupAeAuo) pasodold: - ——- \.\ )
llom Mmoljoys pasodoid: o
aN3931

yod¥r® b

paly 3d1Mag Alddng Jajom

's9y afunjey

) .f,
# i \. -

Q)
3
‘ o ; " 2, &
— A _F : N ! Bﬁ' = -
=~ S = § & 3 dIM J8y3) sepung
: = T H &«
‘ | | : q I
: Sk A Ll
=== P« N
> ; o —, == 4 =N TS
dIH 1Jiegsueg q + k

~ T n//.\.\.

d1m nlejeg

.f.'.\j

(y03f0id DIDYOUDW) dYW NOILYIOT

dlk 14eqsueg

-37-




AONIOV NOUWNIJOOD TYNOLLYNYILNI NVl

zn [ onbwmeig | joczr | aea

L1NOAVT TVHINIO DAVINI HILVYM

INOAV T "IVHANZD IMVINI d41vMm by

SOV ATddNS YIALVM NANVIWHLY JO
ANIWIAOHAWI HO4 133roud

vd3N 40 WOGONI
NOLLYHOJHOD AlddNS HILVM IVdIN

ANVId INGWLY3HL HIAIVYM

0002/ 1=S

NOOY¥ ¥3MOd

S318any

-38-



AONIOV NOLLYHIJOOD TYNOILYNYILNI NVJVT

W

ooz It | ewa

3UNLONYLS INVINI HILYM

SOV ATddNS YILVM NANVIWHLWI 40
AIN3NIAOYWI HO4 L33rodd

TYd3N 4O NOGONDI
NOLLYHOJHOO AlddNS H3ALVM TVdIN

00L/1=S
3114044

00E=1 (WWOE~WWOZ) TIAVYO Y3d
00£=1 (Wgy~uwi0g) TIAVYO ISHV0D
00£=} (Wwog~wuwioy) 1SYTIVE INOLS /

I

s3iasny

n ]
2 ' —
=3 —
O |a -
o (°[&
S S i
w (=3 | —
TEM-AOTIVHS H
| - STTEEns

mm.|:.m Soraa —
EENT | IEETIg e
SRR \K —
§ o i I —
5 g8 -

S S8 — d-

B By [
0051 = mw?
00£0S 000+
GO0% um#.
0009 00L% 0009

001/1=S
NV'1d

OF 000}, Gop
)

0QLy

TERIMOTIVHS

-39-




AONIOV NOILVHIJOOD TYNOLLYNYILNI Nvdvr

v [ onBumea | ooz nr | eea

(271 LNV INSWLYIHL HILVM-INVINI H3LYM)
3did IONVAIANOD HILVM My

SALMNOVL AlddNS WIALYM NANVYHHLYE 4O
INIWIAOUANI HOL LOArOHd

IVdIN 40 WOADNDI
NOLLYHOdHOD AlddNS HILVM TVdIN

3AWA
331 ONIDNG3Y
ON38

af>

aN3o3

[als{e]1 (15} ooy
000+ o008 0se
0S6 0se 00¢
006 00L 0sZ
(w) | () | ()
H a a

1YW NOIBVD

009/1=AS 314044

000%/L=HS
P g ] ) 7 g ) g g
g g 3 g 3 3
m S g g 4 g s =4 8| "oN uonois
%
Ll n n 3 4 ¢+ 3 4
2 3 ] 3 $% ¢ ] g % £2 E
3 33 3 g 8 g g g g B 8 3 z8 g (wyeouorsig
o a & a g o g < e o <] Iy s o S S e
8 g 8 8 g 8 8 g R 8 8 g8 3 53 g
= c @ @ G & w B @ Q ] G ) %o o
a & & & @ ooow g g g o= g & e g G
8 g 8 8 g8 8 8 8 28 8 8 g 8 g8 8 e
. R R . e . . A s ,
G G (wyens
@ Sy
oo g pasodeld
. . . . , . . . .
ﬁ % \_/ \WEL \ﬁ w1
— = = adid
weozZ=1 00¥eNA wosl =T OSEBNA wooL=1 00LedA 0SZ8dA pasodoug
sogl
oigL
SIEL
P e < i e a o = Fozel
@f% aw ™ L v 7 78 G«wﬂ o™ ™ i

(sve @ \(Hﬁ.s

ANVID INSNLYIHL HIALVM

\w\\ >
Cx,
o3
23

000%¥/1=S NVId

e 00002 /‘4.
RN 06 18dA 4
[

m4 A=ROTVS | & g
2 S

- 40 -



AONIOV NOLLVH3J00D “WNOILYNHZLNI NVavr

W [ TonBumeig | toozor | aeg

(2/2 LNVd INFWLYIHL HILYM-IIVINT ¥31vm)
did IONVAIANOD HILYM MV

SALNDVA AlddNS BILYM NANYWHLYY 50
LNIWIAOHANI HOL 1D3rodd

IV43AN 40 WOAONDI
NOLLYHOdHOO AlddNS HA1LVM TVdIN

JATVA A

JATVA A1V AY
FATYA 440 MO8 A0S
N1V¥Q 403 3L aL

HONVTA/M HEL 4L
g3l ONIDNQEY ML
q8L L
¥30na3y ¥
anzg g
aN3931
00v8 WA
38 ONVS
1o
=
————
| |
= |
° !
1 L

L0V'184
90V'1S4
SOV'1Sq
0¥ 1S4
£OV'1S4

009/T=AS 3J1404d
000¥%/ L =HS

ANVId INJWIV3YL ¥3LVM

‘ON uonols

00'e86+0

(w)adunisig
L2

SELICI 00°€2Z+ 14
1GIEL 0021+ 1
LQIE I SE°L60+1:
69°94E 1T 00'EPO+ 1
LLSIS I 00620+ 1
BLCIE 1T O0'CT6+0H
0621814 00°€28+0+

YA 434

(w)ieasy
punoss
Bunsix3

LOSICLT
6SGLEIT
19€Ig1

(e
adig
pasodouy

T SY9ILI4 €SLICI 00°09T+I-LE+LOV 1S
N1 06°lISLT DOELELL008LL+0] SE+ZOVLS

Wbuaq
adig
pasodolg

000¥/1=S NVId

0Sle AOE

o

T 3N HoLww

¢

SotL

oiel

[-134)

ozclL

szl

o—

!

-41 -




AONIOV NOLLYHIJOOD TWNOLLYNYILINI NYJYP

oW [ “onBawea | o0z | wea

LNOAVT TVHINIO .
INYId INSWLYIHL HILYM J £

SOV AddNS HALYM NANVIRHLY 4O
AIN3WIAOUCNI HOL LO3rodd

Y3LYM J0VIANS

40 A¥3AN3G
IV¥d3N 4O WOGDNDI

NOLLYHOdHMOD AlddNS YILVM TVdIN

009/1=S

[T Evm Tovaans
40 A43NT3Q

coen O

-42-



AONIOV NOLLVHIJOOD TVNOLLYNMILNI Nvdvf

W [ o bumerg woz e | eea

TAAITHIALVM NI
JONFUIHAA INVId INTFWLYIHL HIALYM

SOV ATddNS HILYM NANVWHLYY 40
ANIWIAOUANI HOL 103r0Hd

IvdIN 40 WOJONDI
NOILVHOdHOO AlddNS HIALYM TVdIN

INON = IS
8 °12€ “1=0%

NISYE 3OVNIVXQ ONV 390NTS

YIOAN3SIY HIIVM HVT1D

H3LHS ONVS QIdvY

ﬁ NISYB NOUYININIA3S

NISV8 NOLYINJJ0Td

-43-



"AONIOV NOILVHIJ000 TYNOLLYNYZINI NVavr

H [ owbumesa | toozr | aeq

133HS mOod
ANVId INTNLVIHL HILVM

SILNIVA AlddNS ¥ALYM NANYWHLYA 40
ANIFNIAOUAWI B0 103rodd

VAN 30 WOGININ
NOLLYHOdYOD AlddNS H3LVM IvdIN

3NON = 3IV0S

(39 ONIAY0 390NTS

LS XHWE xuw/ew g
NG JOVNIVED

WAL | XHWOY XU fewig 7
dANd NENL3Y

[NiSva Jovnivaa anv 390mS |

ONdNVS

| oo

HIOANISHY YIIVM 4VI1D

AJ0IVHOEYT H3LYM

31714 ANVS QW

A0 XHWR xiw/pwy g
dNNd IOVNIVEQ

WAL XHWOE XU W' H ¥ 4
dAd K1ddnS S3VR

MAGL O XHWG | Ui /¥

[(8=3dAL) NiSvE NOWLYINIMA3S ]

X

AWANWANWAWAY

NISVE NOILYINJO20

GV AR WAL V ALV

dANd ONITdVS Y30M0d  INIHOVITE

MG XHWEG xunu /g7
dNAG NOISSIHSNVAL ™

AIOAYISIY YIIVM AVI10

3008

£l

W11
HUG XU /ity Gy

dANd dn IXVR]
A

3174 ANYS OidvY

(113 NvMyHE NIK)

ALID NONYHIVA

MGG XHUIBG XUl 0O/ T AVAOE XHWOT XUW /et Gy

dANd NOISSINSNVL

dANd ONIHSYM J0VAINS

X

A0 XHWB xUW /5|0

NNVSG

dANd JOVNIVIA

[(¥=3dAL) NISYS NOILYINIWIG3S |

9x

A A A AN

NISYE NOILYINJJ01d

VM 30V4INS

>

_/ HIAMOd ONIHOVIE
30IX0¥AAH WNIGOS
(OVd)INVINOVOD

VAR VAV AV 4

X

el




AINIOV NOUWVHIH00D TYNOCLLYNHILNI NVIV

W [ onbumeg | tooznr | eeqa

{p/1) S3LNIOVH ANV IHNLONAULS
NISVE NOILVINIWIA3S ANV NOLLYINODO14

SOV AddNS HALYM NANVWHLYN 40
ANIWIAOULNI HOd LI3r0Ud

TVd3IN 50 NOGONIX
NOLLVHOdHOO ATddNS HIALYM TWdIN

0011 =3NS

©

<

9
T T TC | N { O ¢ | I | __:
EERESHT
i oo * | - ||
I F T TT __z e ¥
IO ©
o , e B2
[ LTI
HEEREERRE
========== <
T T T IETICTR °
IR BERIRA
T T T
AR ERRERN Qﬂh
EESREA1Ii .
1l

olyLL

o

e <
- 45 -

0S£'92




AONIOV NOLLYHIHOOD TYNOILYNYHILNI NVdVr

[T T “onbuwaa | loozr | aea

(br2) S3LIOVA ONY IUNLONULS
NISVE NOILYIN3IWIAIS ONY NOILYINOJ0T4

SIALLNOVA AlddNS HILVM NANVIWHLY H0
LNIWIAOHAINI HOH L23roxd

¥daN 40 WOAONDI
NOLLVHOdHO0O AlddNS H3ILVM TVdaIN

001 ¢ 1 =3W0S

NV g
3 um\.ﬂa 3 Y 3 .\.ﬁd .
— OO ]
D et 1iacacaisiid [ S
~ e BT smmnnannnne |-
s G G IRREERRENE "

L INE= il 'l mumannuicd NI
mﬂaﬂzﬂ_‘ﬂ & (. Wm W CH S MHNTE 4
L i ﬂ T | Il | [
A Nes I & e B (L LT DL - T
L= e H PP L © Wk m
F || = O I I B O :

....... C GG IENEEERNRIE) o
L _ IEEEEEEREIr]

....... T B | (OO

....... S {1 WE N RN EAE]
R | - I LB OO | o

....... O [ e I I RN
m&éﬂ\m ; -

(s _dam\__onnduw_r _
dmﬂlw o ONQ——M., 00z 0022 %%mu W~ X 00T

0Ly'SS

00274

0089

0528

kOO ¥ EOO [§ %00 1000 Z500 b &0 4 %00 [} :0-00 3 lBOO 1eoct %OO i EDO

48y

00"L 000"t 0001 000°( 000" 000

000'L

[

0007

iy

000°¢

000

[T

(14

- 46 -



AONIOV NOILVHIJO0D TYNOLLYNMILINI NVdvr

LW [ onoumma | w0zwr | wea

(p/£) SILNIOVA NV FUNLONMLS
NISVA NOILYINIWIGIS ONV NOILYINO00Td

SIUMMOVI ATddNS HALYM NANVAHLY JO
INSWIAOUIWI HO4 103r0ud

IVd3aN 40 WOGDNDI
NOILVHOJHOD AddNS HILYM TvdaIN

0L -1 =3W0S

Eg

d~4 NOILO3S

00k

L N
T &—— i . B E
=i == % FF I Imwff ml—p =
5] go
- 18 .
- >~ .
2 [ E] 2
= © < e woow Jovaois WM S
S & N
- =3
g m S JAXOMAH MNKIOS a mm S
¢ 7 " 1 " | - IvH0LS W B
W Iiu.‘tlfm‘ﬁT.Jx'l -+ Hh 8 = {
B Mooy Nz MOOYINICZLY W
MIdHOd
JOXCHAAH NAIGCS e
x4
<o L
099t 00’97 09Z°1i
]
V-V NOILO3S
s A En _ (1
T E P
- L i
S B
G
5 e e 2 gl L
S 4 15 5k (8
5 ]
[
A

W]

B

[uso I

099'L

0% X

00071

000'¢

00€°18

Litam

- 47 -



ADNIOV NOILVHIAHOOD TYNOILYNYILNI NVdVI

Z N [ onbumeq woz e | meq

(%) SALMOVA ANV IUNLONHLS
NISV8 NOILYLNIWIA3S ANV NOILLYINO00Td

SFHLIWOVL ATddNS YALYM NANYWHLYM 40
ANTWIAOUCNI ¥O4 103r0ud

IVd3N 40 WOTONDI
NOILVHOdHOO AlddNS HILVM TVd3N

001 =1 =3M3S

4-4 NOILO3S

087

91 oo¢

(3]

(733

w®CT

3—3 NOILO3S

g E
.H —e
NVAVTAY :
s &
g
ﬂ | /ﬁ”@@aﬂ
005 005 005
0T o0c 000 ooz 00 |
000
W W

6L

d—a NOHLO3S

Jv
I
3
-
T

n_m 1 .
| & — — — T ]
ERE
=l i i
B * B
i
0T G001 0001 00T o003 00|
L [ 007 3
[
0—0 NOILO3S
m m
[ — = == o= == = == -
NOOY 3VH0LS o e f2
JOIXOUUH HUOoS |8
— E ¢
#O0Y INIET
JKOUAAH MIUO0S

-48-



AONIOV NOLYHIHA00O TWNOILVYNNILNI NVdYF

€ [ onsumeg | wezwr | eea

(z/1) SALMIOVA ANV IUNLONMLS
YA ANVS AldvY

SOV ATddNS WALYM NANYWHLYN 40
AINIWIAOYdWE HO4 LO3r0¥d

“IVd3N 40 NOGONDY
NOILYHOQHOD AlddNS HALYM IVdIN

00t -1 =3IW3S

CONVYId

HOOY 39VH0IS
HIANOJ INHVTIE

(3 ‘

\§§

.

005"

7

T

/]

7
7

SR [ W )

=
a2

S [ S S W
SN .

e l anes il e >—4>—<!
SN REHED HH‘[
d (b b 34

=

b4}t bt | Pt e
SRS ] SR 1} SR ] WA
t
1293 0

oot

LL

05000 Toor

W

WL

T

L8

wiT ndﬂAde (Y
&

[spama ey

IYNVId

00021 05E'C1L
"
[ ] ] L] - 7
g
/ [ g/
DA
= \ EK .
+ + + + o B
-
NOOH ONKIT34 m [_ 3§ ]
UIAMOD ONHOVI G
== ) ()
= 5
I [ _
] _
L Wm I i “
* = 3 & & =+ | Lo b
He : ' : eme 3 B FP
I - " &
[ _
[ _ _ .
1 N el — | W
= (5] [
— = v
& e
2 L 2
+ + + -
[=] (=] 8
o ia
.‘ 057 ®IT T ®T o o 6t |
[~ [ oo [ [7] [X] e |
WL

=49 -



AONISY NOILVH3J0O0D TYNOLLYNYILNI NVdVr

[T [ onbumen [ ro0z7inr | mea

(z/Z) S3LMOV4 ANV 3-NLONULS
UL ANVS Aldvd

SNV A1ddNS HALYM NANVINHLYH 20
ANINIACHCNI BOS LO3r0Hd

4—4 NOILO3S

TVd3N 40 WOTONDI
NOLLYHOJMGO AlddNS HILVYM TWdIN

0oL -1 uﬁmum .ﬁ.ﬂﬂi/ \453“

E= : .
m_ﬁ %¢¢ i _ 2l
P 3 i ” _ mm“
5 sSe===c=-alnnnEEEEE
va mri\n.x ot +ddot / m—xrz _ : _
F——1
/Nﬂdam@ﬂqﬂmm ﬁ ol ae [T
J n { L
. L
b [h] X 0K o (=41 oof
[75
3—34 NOILO3S

[
e

| S H g
HIITTTIT TTTTIT1] _l.___’_ TIITITT ISEEREREY
[ i : [ ]

a—a NOILO3S \dﬂ:ﬂiﬂﬁ—ﬂﬂcﬂmﬂd
AN | /

=
ERE

(]

5
b

e
|

1052 0871 0
0T gex [772

3] — ——
§E 1

Ba

50 NOI03S
id g
B / B
s _ . . -
Fl R 3 E 3 A“
A | ok
-3 M - W.
&1 2 5
; 125 1
\t ¢ R i
MOOH NG
WIAMOd INHIVIB

u

o P@t!

g—8 NOILO3S

2

>
3 |

b : A wIT ﬁg gﬁ [ [543 ﬁﬂu Eﬁ wIT _
0 W0 o OO 0% oy (53 (3] o [ [ 3] 0%

ToR
V-V NOILO3S
B \ %ﬂﬂnﬂ// \ / B
b - i— N 7 n E1°
Hi\ AR LT JTITTTIY
= S5 5 i P ] »
b -
;] 2 - @ |8
= 3 g
e e |, i

Wz o5t

[ 0oy

0

-50-



AONIOV NOILVHIdOOD TVNOILYNYILINI NYdYr

SN [ onbumea | tooznr | aeq

(2}) S3LNIOV4 OGNV TUNLONYLS
HIOAM3S3Y HILVM V31D

SIILUOVA ATdINS HIALYM NANYWHLYI 4O
INIWIA0HdW! HOH 103r0Xd

TVdaN 40 WOJONIN
NOLLYHOJHOO AlddNS HILVYM TVdIN

001 | =3W3S

TONVId AOLTAER

I
2

005¢€1

-51-

008
00082

[T5

= X II'|J~.\ |||||——~| 1 Jﬂl 4_
8 m m 8] i
— e sp— A A 1 )
S [y 11 " ]
X1ddNS WAtV S ) " It H
i 1 1 !
] - 1 1 11
T IR | — - ] i 1 n
\ 1 | 1
08 1 1 1 1 1
. I i1 " ! .
= 1 bl 1 =
= 2 I i H I [
2 = 1 1 1 1
2 B
S & a 1 1 H |
n S 1 i 1 i
S [ H n i
1 K 11 |
1 fl 1l t
d 1 " 1 |
1 i 1 1
1 11 i |
= “ {I —
7] &
NeMvHa N T o 1 " 1 -7 1S
| 1 1" 1
~— 1 H i
s 3 x - 1 it |
| ] S E— | 3 01 LT N SN } S ik
f S 7 s aa | et S — 34 mno 2 ArTTT o T T 3
= g -M_ < 1 il 1
£ s I A 1
q e | " I
2 [} [} -d L
sm_,zz._a H 2 1 11 -3 S
Hoissi s, sl ' 1 ¥ 1
0018 ¢—EBH—gzg—bat 1 1 i
il 1 1
" I 1
1 I I
1. _
L = H i
q o o = 1 1 |
S = . 11 1 |
4 o _ s 1 1l | n
. serllo g = 1 11 1 =
oovs —EBH—rrg 2 " " ! 5
= 1 11 | <
i 1 |
i 1 1
| 1 1 1 |
—] 11 1 |
I 1 i
. 1 11 i
. oo |
© - |
. ) Wl !
& At AL _ M
a g
wE 0529 6¢ 0052 005 0052 05T 0067 go¢ 00SC 00¢ 05T 0T [0 I 0529 ¢ 005 00 005C 00¢ O00GZ 00¢ 00SC gof 00GC p0Y O0GC

Q08¢ 008°¢




AONIOV NOILVHIJOO0D TYNOLLYNHILNI NVl

[T | onBuwea | jooznr | eeq

(Z/2) SALNIOY4 ANV IHALONAULS
YIOAYISTY HILYM ¥VITD

SALLMNIVA ATddNS HALVM NAONVWHLIVYA 40
INIWIAOUCWI YO L03r0ud

I¥dIN 40 WOTONDI
NOLLYHOdHOO ATddNS HIALYM TvdIN

001+ 1 =3MS

-0 NOILO3S

00t

o
Al

|

o

006r

S+ 13 &
.|, ? o ol
S = —t 1 e
S |8 —— =y
i H
o i i
_m B | | B
N
0z 00522 W
WL 00522 [

00092

3-0 NOILI3S
s 0056¢ ﬁ [
m =3
8 t r B
_M ¢ o 4 L 2 ¢ ¢ ¢ o E =3
e |_0
< o
7y
S [ s
2 & 33
S — — 1
b
: b
g&.ﬁ__!\
sy 000 OGS 00902 G 000°¢
00082
8-8 NOUJ3S
_ B
T Zis
¥ y _ ¥ e
N >
H =3
3 | 5 o [
i o
: i h e e
boo't W_ Q0STH _ 05Tt = 000"
—— #
w L |
i :
005t 006 005'ST
sy [ 0%
0008
¥-¥ NOILO3S
B § 1 B E
— 1 & S
2 i [ v N § e —
o fa f g o
R
S 8 [ S ~
R S o [
0429 4 i m 5
, 2
— e |- || || ——
0
. B w
B
s 0099 T 0057 00¢ 00SC Gof 005C 005 005 00f 00SC 00¢ O00SC
[ [34) 05 0059t o2l

008°¢C

-52-



AONIOV NOLLVH3d002 TYNOLLYNEILNI NVdvl
[ toeznr | =ea
V=V NOI133S

LN ] onBuwein

SIUTIV4 OGNV IHNLONHLS
NISYE 3OVNIVYA aNY 39dN1S

SILITOVA ATddNS YILYM NANYWHLY 30
INIWIAOHNI B0 LO3roud
TIVd3N 40 WOTONDI
(33 j 000% j 0%

NOLLYHOQHOD AddNS HIALVM TVdIN

001 : 1 =3NS
0—0 NOILO3S
1 H

osie

[X]
33
[5)

[

g—4 NOILO3S

<
7%
00508

333

(343

=l
il ] m

ﬁltvﬂﬂt [ 2
(4] o

-53-

[T




AONIOY NOILLYHIJOOD TYNOLLYNYIINI NVdvl

[ | onSuwmeia [ 100270r | aea

JFANLONYLS d38 SNIAYA 39aN1S

SIUUDVS ATddNS YILYM NANVIWHLY J0
IN3WIAOHAI ¥O4 1I3r0ud

TI¥d3N 40 WOGDNDY
NOILLVHOdHOO A1ddNS HILVM TvdIN

004 -1 =3W3S

)

#

003

+

LT

W

05

= 1]

JTE=

i

A




AONIOV NOILVHIJ0O0D TYNOILYNYILNI NVdVr

[ ] onBumea [~ o0znr | wed

WOOY ONIG334 YIAMOd ONIHOVITE

SILMIOVH ATddNS HILYM NANYWHLIY S0
ANTFWIAOUCWI HOH LO3roud

V43N 40 WOGONID
NOILVHOJHOO AddNS HILYM TvdIN

[[Wooy 9NIG334 ¥IAMOd ONIHOVIIE ||

12000 T o001 MA0T aDA TS (-35

£ 1 006 X 00Z1 MOGMA SNGTS TUS |-#S

T 1 00IT X 0007  ¥000 TEN0O EEIS I-GS
yq a

JINAIHIS MOONIM ¥ 4000

SoIozzooEnnoooog fITo

-55-

® @ © ©
Du_ Y
§
9

00’




AINIOV NOLVHIJOOD IWVNOILYNYILNI NVJVT

o0z [ onbuwea | o0znr | wea

FHOLS "AHOLVHOEYT ® 301340

SIUNIOVL ATddNS YALYM NANVWHLYY 40
LNIWIAOUNI ¥OL LOIMOHd

Ivd3N 4O WOGONDI
NOLLYHOJHOD ATddNS HILYM V43N

0l 3 008 X DOZ'L AOGMM ONKS TUS 1-AS
1 0017 x 008 000 TIONS RIS Z-0S

12008 X 00Z1 MOONM NS TAS 1-MS
$ 70017 % 0007 000 78000 HUS  1-GS

nS_M-g ¥00Q TENOG TRIS 108
a Al
TIGHDS NOGNM % 8000 [ 3301S | TGS AOGNA ¥ 5000 [[Au01vy08v1 % 301440 ]|
LB VY NODR Vv
® © ® 9 9 © 9 « ®© © © o ©
[73 0¥
| _ = | ™ N e

I

d I

!

K ]
_

Nvid
© © ©® © 9 0 0 O © © © © o
000 [}
- 1-aS Y P T O e =3 s 4 \ s 0 s SN SR H .]I@
1 1 1 1
i L | L R
1o Rionei0an s i3
v £-3is T-3us -3 v _m Fy- D ¥ m
-5
Tuo 1-ns >
T r , r ¥
1 | |
1 e el e - - =
1, I ST R TR T T TR @ Vs P e TEE T T a
L 1 i h——1 L X 1 jon} 8 i 1 A A 1. H
AR R AN AN 1 r LPZANE

-56-




AONIOV NOILLYHIJOOD TYNOLLYNUILNI NVdVr

2w [ ongumea [ ooznr | meq

2 ' 1~ NOOH ¥3mOd

SIUIIVL AddNS HALVM NONVINHLYY SO
INIWIACUII HOS LO3r0dd

V43N 40 WOGONDY
NOLLVHOdYOO AddNS HALVM TvdIN

FINMHIS MOONIM 7 ¥O0G

(DIVINI ¥ILVM)
[ 2— ooy ¥3mod ||

NS 8-8

NS

AR
[

i — ®
‘Rt B
i I |
e ] L
{5 3 1-as
ROOH NOUYIS-aNsS -
g\ g
. -5
[ i
] 1
rl_u.w||||||ﬂ.mm|\_
ul I 18 PRN——
e S -®
AN

JINAHIS MOONM ¥ ¥00A

(INVId ININIVISL ¥3LVM)
[ 1— wooy ¥3mod |

NOLD3S ¥V

i3 +1+]
{00z + 04

ﬂ|<|n NOOY NQUYIS-BNS

0008

__h___1
Hia

-57 -



AINIOV NOLLVHYIAO0D TYNOLLYNYIINI NYIVI

zn J onbuwes [ wozwr | aeg

ANIWJINDI ONIGI3A
(OVd) INVINSVOD {40 WvHOVId MO

SIALIMNIVA ATddNS HILVM NANVIRHIWI 40
ANSWTAOYINI HOH 103r08d

vd3aN JO WOAQONI
NOLLYHOJHOO AlddNS HALVM TvdaN

3NON = VIS

s iA=L
SO

dind @
woion (W)

HOWVLIY
1\aGino3
EALTR T ]
VA KOUVINISY 0SS 3w £y
WNANIHMO 9
WX N
WATVE b

NOUARISIO  T08IIS
GN3931

WIva IVRNS
1N0d SNICE3S 0L

o

(3vM 3VRNS)
dNNd ONKIEZY

X

NNVL JOVHO0LS

-58-




AON3OV NOLLVHIJOO0D TVNOLLYNYILNI NVdvr

ZN ] onsawma | woziar | eea

INIWAIND3 ONIQ33d H3AMOd
ONIHOV38 40 WWHOVIQ MOTd

SOV ATddNS UILYM NANVWHAY J0
INIWIACHCNI HO4 LI3roYd

T¥d3N JO WOQDNDt
NOILYHOdHOD AlddNS ¥3LVM TvdIN

3NON = 3WaS
(a0 oS adn)
‘S04 T 0L

B
|

Lo Lo Lo

ot @ @

}
E Ca |

WINIVHLS 3dAL-A
3ATVA WOVEHAVIA
JAVA XO3HO

VA TIVE
WI¥A 3UV9
NOLLRIIS3Q

[(UERER

Exxzafp
:

-59-



AONIOV NOLLYHIHOO0D TYNOLLYNYILNI Nvdvl

2N | onBumea [ 100z0r | aea

INIWIND3 ONIg334
3AIXOHGAH WNIGOS 40 WYHOVIQ MO1d

SIULINDVA ATddNS HILVM NANYWHLYA JO
INIWIAOUCNI MO LO3rOHd

IV¥dIAN 40 NOODNDI
NOLLYHOJYOD ATddNS HALYM TVdIN

3NON = 3W3S

ANIOd ONIG334 OL

OIS A =L

Bwonnsud  (d)

ane ()
won (W)

YoLvLY
1N3NdING3

VA AUVO B
IATVA NOUYTNI3Y MNSSIN XOVE H
JATVA HOVIHAWMA 9
JATVA XO3HO ~N
VA Tive o1

NOUJRIDSIO  108MAS

AaN3931

(3t 3vauns)
dnnd oNIdT34

o

% o swa00s | (

] F] ] 4
i TR i
% TITIVO NOITOS % D
[l
J L, ,° J
% ® ®
[eorviov]
— W

-60-



AONIOY NOILYNIdOOJD TYNOILVYNNILNI NVYdVP

Sz-N [on suimeia T1o0z -anr  Je3eq

(NOILYOIdI¥Nd)
NY1d SNOILYTIVLISNI ¥J3I¥LI373

SITLITIOVA A1ddNS YIALYM NANYWHLYN 40
LNINZAO¥dNI ¥Od 1D3rodd

AN 40 WOQONI
NOLLYHOJHOO ATddNS HILYM TVdIN

T T

woe 0z Sl Olgy§ 0
\\
!
\\ \\\\\/
/
<
TOLIES WV 3104 EZ]
VALSTHEY SNINLHBT (]
T4
TI0N 40088
[IT] ®
TH oA ®
Y08 T X
inp e ——
W3 1380 p—
[EE] ——
TV N =
TV WOTTRTALSTO =]
THV4 101K T3LON =
WILANSI0 | WOLIVIATERRY |

aN3931

(NOTLVYOI4IdNnd)

NYTd SNOTLYTIVLISNI 1v¥J3I¥103713

¥
22y,
Y24y, Mvs

(V3N AQ)
10d ONIAI3O3Y)

-61-



AONIDY NOILVH3IJOO03Z TYNOILYNYILNI Nvdvr

Py Fon suinesa [1o0z ane  Teiea A MV_<FZ H v

CINVLINI)

NYT1d SNOILVYIIVLISNI 1v2I¥102313

S3ILITIIVY ATddNS ¥3LVYM NANYNHLYN dJ0
LNIWIACHUAWI ¥O4 L03r0ud

MAGL BM

V3N 30 NOQDNDI
NOILYHOJHOO A1ddNS ¥ILVYM TVdIN

.

_
; —
001 0 s O gg 92 gib g

(INI0d ONIAIII3Y)
s (CY7IN AR)
| Pl AY3IHY3IAO
JN -7/ ANIT AMLIL

Looose ? coose ? 0QrCss
oS
P :
7 /,
N | A Y A S

ﬂ E
;xm__;o [/,ax,m_ Nzo sxm.nso \
lL-d

>

/ HOLTAS 41V 304 [
A TSI NOUIOTT ]
| e ©
___ TR [6)

! 1000 WINGNI ——

WH 10 p—
WAVIOST B
[ VIV WIIIasI0 | |
WV 1041003 43100 =

WILIWSH | WILVIATIEY |
aN3831

-62-



AON3DY NOILYH3d0O0D TYNCILYNHILINI NYdVr

12-N fon suiasaa [100z nr_ [esea

W3ILSAS 1V¥II¥12373

S3IILITNIOVE ATddNS AILYM NANYNHLYXN 20
LNIW3IAOYYHWI HO3 123roud

TT¥d3N 40 WOGONDI
NOILYHOJHOD AlddNS ¥3LVYM TVdaN

WILSAS

INVId INIWLY3Y¥L Y3ILVYM VUYHONVYW

iyl
S—d
T3NYd 04LNOD ¥OLONW

MISEY
v—d
TINYd T0HINOD HOLOW

WISy
£—d
T3NYd TOMLINOD HOLONW

MY
Z-d
T3NVd T0YLNOY YOLON

bbb

MAGBB
| —d
TINY T04INOD ¥OLOW

MASO0L
(vL0l)
LNV 1d

AIN3NLY3YL
LEIRT Y

w1022

L-d

T3NYd
NOISSINSNYY¥L
(NVAYHE NIW)

MNOGHMNGS e

9—d VAMOGL

T3NVd IN3ININD3

wissiisive ML
(3008)

C°Y "3 °N A89)
ANIT AXLL

IR AR NRENE!

ALITIIVd INVINI

¥0SK3S_13A31

cl-d
—

T3INYd DIVLINI

li-d

——
TINYd 3INVINI

;

MAG L
8 ‘ON

MALL
g ‘ON

M©G L
v ‘ON

MG L
£ 'ON

MMGL
| *oN

@D

C°Y "3°N A€)
INIT AMLE

-63-



AON3IDY NOILVN¥3IJOO0D TYNOILYN¥ILNI Nvdyr

82-W Ton svraesa 100z -nr  Tesvg

WY¥OVIQ 3NIT 3T9NIS

SIILITIOVA A1ddNS ¥ILVYM NONYWHLYN d0
LNINIAOAULWI ¥O4 1J33r0ud

TVdIN 40 WOGONDI

OO A A = AYIOVIQ INIT JFTIONIS IAVINI WYYOYIQ 3INIT ITONIS NOILYDI4I¥Nd
3712149

AITA 3QIS R3ITA INOYA
YAN0O0Z | | v R R e
ae 075 ol @72 o - B | -~ of o728 = = = | = < P ~|z=z=
—lqﬂﬂj%%l - g = R ! ! ) R F-3 g | = e == = 1 1 L] 1] {1 ] ] I|m o
I > E = z N - = 2ES JRaY0E IeAXQE ES ES = = = = -~ -~ = =4 o - o —|= Z| *s1001 2ea3001
Al ® 7 A mo AQ0Y  AOOY Al A B & & & Zl & ~ AQOY  A0DY
s o ® 208 198 2 = oz = s 138
YANOSL z Z| 2 2| =
s wss : : ~ FE Bl 2 A2 E3[ED
rs ax - - - - - ax O D) - - - - - - o o = wxl cim e o wx D D
5F 57 5§ 57 57 55 5§ 373 2 ¥ 57 55 55 5§ 37 25 oF <§ v7 <5 <5 <5 s35 &
[N~ IDwwe > [ JEURE HVNT > HOTNR - v S = Fo eaSPrndd =& § o8 ~HarFTdeaFwaid -J-—F _Fornd H>= =
e e e — 2SS |25 1SS |2 1SS INN (o | F=3 ss |12 (22 g2 g |gs 22 122 22 82 Is2 |z Iun |as A
EEREREEEEEE SRR RE R RE EE RERE RE RE R RS BR | M
Ivooy vl vz 1¥002
M & N & N &) 200y &
25 2 195 M 25 N 25 TN
[ i W g M
. 1o & 19
al 1ol Isl 1o O O
e — @I@lll ERTRE I @Imw| i1
| L Lz
8A .+|M i o A+| i
A0£Z-00¥/0001 L X A0E2-00%,000 | 1 XD
YAN00Z M¥dS YAAOSLMY$E
T 3 110y 4L (o) 4L
¥ U 0
TGE0N3 IV 3
TV 1IN 353 G0N D
THOIHL LG8 g
FOLIAS $300-3NTH) YILIMNY st H_s
[ [ .
WOLIAS ¥350-30NVHD TIDI0A £}
(42 1))
eI ¥ Yaos
X 1 Bk
NIV il
TSR WINSTT [
£ m
AYT3Y 3901 ALEYV3 [
V138 TN 4340 (5] N e ¥ lal vy
1188 201330000201 s .
TOLIAS WOV (D EL L
WIS WOLIVIATIY 0

{Bs
N3931 T v
]
i

AMLL MEoR ML meee




AON3OY NOILYH3d00O TYNOILVYNAUILNI NVYdYI

62-N fon surassa[to0z e Jeseq

WYYOYIQ ONILHDIT ANV ¥3IMOd

SITLITIOVI ATddNS AILVYA NANYNHLYN JO
ANIWIAOUAWI ¥Od4 LD3AroNd

“VdaAN JO WOADNDI
NOLLVY OO0 AlddNS dILVM TvdIN

WNYHdOYIA ONILHODIT ANV Y43ImOd

‘PUBY £q payJOk dle speo| 9say] ; ajoON
22 | 11 T2T0 Jz ] diNd IAVINT
woge| Zxbsogl 06 | Gl |6 [0 (¢ | dANd TRVINT 1-d
vl 2Ll INIWIIND3 IAVINI
mMo022 Mr EERER WI0L NOISSTWSNVAI+ININIVIHL
) —d 022] GG [ S [V [¥ [dnnd NOISSINSNVEL
WOlLl bSQOL+bSYl 0ce (NVHVHE NIA) INJWJIND3I NOTSSIWSNVAL viji-d
cZ2l-1l-0L-%-8 06 | GF [ € [ L [2 [ dAnd NOISSIASNVAL
MMIG+MM06 06 (3008) ININIINDI NOTSSIWSNVYL el
9—-d G20 S0 2 [ [t dWNd BNITdWVS Zl
wgeze bsge S0 GL0 L [o [t NY4 1SNYHX3 1-01] 9—-d
. IS /53 Z | L |l | dNNnd A1ddns d3IVA
MALY L v'0 70 I [0 |V dNd I9YNTVAQ 4
G—-d 9%c INIWJTN03 J10AYISIY YILVYA dVI 1D
woe bewi [ N A T dWid N9nL3y
M S & e | re 21 [V ] dNNd_39an1S S | -4
Y g I INIWAIND3 NISYE JDYNIVYA ONY 390M1S
WoO| bSBE gl ¥0 9 [2 [V LINN NOTL93rNI
advog S0 G0 I [0 [ NVi LSnvHX3
. gl ¥0 v [0 |¥ ¥OLV1IDY 6 | v—d
>>v_mm»|_M_ NOILlNdg 70 w0 | 2 | L | | dnnd NOTSSIASNVAL
WOl bog wog bsylL -I¥1S1Q i ININGIND3 ONIQ33J Y3AM0d DNIHIVIIE
Tz 0T s =0T 1 S0 G0 1 JO ¢ NVd LSNVHX3
;xtoMW JOVLI0A I T [0 [T dNNd_dN_DIVH e ey
. . 0¢ 0% | € |V [ | Wnd ONIWSVA 39v3uns
¢—d l—d mAOC+EE+SEC MO SLiv ININGIND3 ¥3LT1d ANVS a1dvd
vo [ ¥0 [ L [0 [ ] dWNd 39YNTVYQ 2
woe| bsg ¥'0 LN3WJIND3 NISVE NOILVINIAIQ3S OGNV NOILYIN0001d ¢-d
g0 70 v (2 |2 1IN NOTLO3rNI
wpg bsg v0 ¥0 2 | U | [ dnNd NOTSSTWSNVL
g0 vo |2 |0 |e wowioy | H!
02 ININGIND3 ONIQ334 Y3aM0d DNIHOVIIE
9-"1 G- gl G0 z2 10 |2 NV ISNVHX3  [2-01
wpz bsg V0 70 P [0 |t dWNd DNI1Q333
80 Z0 Y |0 |7 dWNd ONTq334
g0 70 Z |0 |2 YOLVLI9Y 8 | 1-d
-1 ¥0 ¥0 2 | L |l | dnNd NOISSIWSNVYL
wQog bsg &% ININJIND3 ONI03T3d LNVINOYOD
g0 G0 I JOo [¢ NV3_1SAVHX3 =01
woe bs8 ¥0 v0 I [0 [¢ dNNd DNI1033d
30 Z0 ¢ |0 |F dANd ONI033d
80 [Z) 2 |0 |2 J0LYLIBY L
£ wo | mwm.d wog bsg 70 v0 | 2 | | |\ | dANd NOISSINSNVSL
562 |-INJWJIN03 DNI1G33d JAIX0UTAH WN1d0S
(O ()N 1 |
0—"1 F_ L= Wi o T TN 3WYN LNIWAINDI | ON°dID3 | 0N T3NVd
INY1d LN3WLV3dL Y3LVM VIVHONVNW

Sav0o1 40 1SIT

-65-



AONIOV NOLLYHIJOOD VNOILVNIZLNI NVevr

] [ onBumea [ tooznr | ewa

(HIOAYISTY I008-INVId INFWLVRIL HILVM)
3did NOISSINSNYHL HILYM

SALLINOVE ATddNS YILYM NANYWHLYA S0
ANIWIAOHWI HOL L23rodd

IdIN 40 WOADNIM
NOILLYHOdHO0O AddNS #3LVM TYdIN

|||.|
S -
wos oF oe OW 4 3 sz o
3AVA A
3ATVA dN AV
AL L
y30Na3y ¥
an3s -]
QN3O
0SC¢# dind
i Y

oLt

009/1T=AS 31404d
0001/ 1=HS

e

E4 " g T ™ . 0]
= :
W 2 8| ‘on uonms
g
H 4
a5 ) z t
2 2 2% ¢ ? g ?
o * m & s m W m (w)sauoysig
= 3 8 8 R 3 G g e
z £y : 8 G
& 8 R 8 g g X v
8 g g & o g g (wyesn
g g S = = © ol sdig
~ B o C = = pasodoig
ﬁ L yibua
WI0Z=1 05¢#dI00 edig
; pesodozg
| ———
 1eeL
- see1
_ e oee
AR
N L eect
I crel
- s
/\)\/\\ — sl
I sssi
e
NN — 6sct
— cogL
.
S
Y
g
%
% -
\ N )
~
=
3
- v
B \\
A :&73 \
INV1d ININLV3NL H3LVA,
6ze %
\(.N.Sm
osee &
08
) @/ HIOANISTY
UILVM V3D

w Qgl=1

062¢ 4100

-66 -



AON3OV NOLLYHYIJOOD TYNOILYNYILNI Nvdvl

1eW [ onbuweg | locznc | eed

(871 113 NYMVHE NIW-LNV1d INJWLYIHL ¥ILVM)

3did NOISSINSNVYHL H31VM T T T v T T T
T 7 3 7 7 ) 7 7 7 7
3 3 S E Z E 2 2 2 3 ] g ON uonmIs
SIILITOVA ATddNS YILYM NANVWHIVH 340 ¥ ~ o & » w ~ ° 3 8 3
IN3WIAOHAWI HO4 103rodd S \ \ . \ \ . \ , 3
* + LB [ -3 & ] L) & 3 ) ) ) & ) &
TYeAN 40 HOGONIN 5 5 ] % 4 4 & &% & £ 1 & & % X & (w)soudysig
NOLLYHOJHOO ATddNS HILVM Tvd3IN 2 & L] S 2 & ] L & ] y ] & s % 2 ror
° 2 2 a b & o o 2 & 2 ° 2 > 8 Y by 2
-3 2 g 9 <] ] =] Q S 3 3 <3 <] T =3 3 Q ?
I a o] o] & & o] by a4 a I 8 9 I 8 g o = (w)ren
- o @ 14 & G @ B & S g « -3 = K3 ] N N © S punosg
4 & & © g 3 [ 4 & % & N 8 8 4 b & & Bunsix3
4] o] o] ] 1] 3 I 8 ] = (w)iersy
009/1=AS J1140¥d e 5 S & o & 5 ° & 2 sdhg
— N o ~N N b o * o X w pesodoid
000%/1=HS . h e . _ _ M , .. . : _ ,
ﬁ \_ :«w_o._
Wi = adig
JATYA A C101=T1 OSELeNA # pasodoig
AATVA HIV AV
AATVA 440 MO8 A'D’E L Sigl
NIVdQ 403 3L aL = (ovoy WEN3) fvoy @3V 5075 30
EINVIJ/M BEL £ ozet
F3aL ONIONAEA ¥l T 1
aaL L 2
¥30naay El
anzg a
[ ELEY ogel
seet
orcl
3S4N0J ho . vvvv/\ “
35vaans < % 2
—== 1 X %e ik s =
354N00_3sve @ (& <
)
i S 44 P R SO ARl 2y 3
£ p S % T .% W ‘% g5 o5
% e N ,,% A A ,,

3S¥N03 30VAINS

(Ovod W¥3N39) IN3W3IAVd

———
| N HOIN (TS /,/.\ 9
B
5
J ] o1l §
L1vis ft=sl
0559 PR ; N
GITANS o
~ 3
T N £ ) ; I
= ISN 1GL9) A ¥4 (6LPX05E9I NLI-3L Y < 3
— \w\__\ SO/ THTTD hid-g 9 XY 4 1
_ ! [~ ¢ wl 1 1 1 2P
— e S
~ | | /vy/ ” Loy \] Y=
S | | TN 1 w0 INVId INBNIV3NL H3LIVM
I | S A
SN
N 2
060 A% > A A Z,,,He@ ® Se 5
> 2 o U @ a/ 9 A
AL b5 & < 2 // G 2 QA X< A
I €l rwf.d/ WA < /%@ 7 < r~7 7 r../é

-67-




AON3OV NOILVHIJOOD TYNOLLYNYILINI NVdVr

ZeN [ onbumea [ tocznr | ewa

(8/2 113 NVMVHE NIN-INVd INJALYIHL ¥3LVM)
Idid NOISSIWSNYYL ¥31YM

SAILMTIOVE AddNS HIALYM NANVWHLYH 40
ANTNTAOHNI HO4 103roud

VdIN 30 WOOONII
NOLLVHOHOO AlddNS ¥ILVM TVdIN

BlV'1Sq

LY LS

8TV 1S5
L2V1S
92V 184
S2V'1Sq
YTV 1S
£2Y'1S4
22V 1S
12v'154
02v'1q

62V 15

wooz L_

D0S/T=AS J1404d
000¥/ L =HS

FATYA A

AATYA ALY A°Y
FATVA 440 #0718 A°O°d
NIV3Q d0} Hal aL
FINVI4/M F3L 4L
834 9NIONAAY LA

3L i

¥3onazy ¢

aNsFd L]

anNgovan

‘ON uopms

{w)saunisig

213

2S'SEE 1100°C60+ L1086+ LV 1S

01°Z¢€1100°CY L +24
B8€'8ZE 1100°CRO+2-
£6°0£€ IH00°E¥0+24

F 609€C1400°CY6+ L1

F L5EeCI400° Y8+ 11

FLBECIJOO EYLE I+

[ 99°L8C1H00°CYO+ 1

99°9€F 1700 E¥G+14

P CE9EELH00°Cvi+ 1

[ ZF9eCIJ00'EvE+ L+
86'GEE | H00°CSZ+ -

2908 I100°Ev T+ It

LO'9EEI400'EY L+ Lt

(w)easy
punosn
bunsixy

28°yeC 1+

8Z° L2814
F OZ'GECI+ 0£'9C 1100°ET6+ Lo

[ 6£7CECI+ BYCECLT00'CO8+ 14
r 90°CECLT 91'PECIH00°EZR+ L
[ 69°9€C 1+ B6L7LECIH00EBLY 14
[ OV'8EL LT 0S'LECIH00'E89+ 14
r S8YELiIT S6'SECLTE9'01IG+ 14

b 00" LeCLd

(w)izaa]
adig
pasodoig

Nt ZyyEeid

/T 06'92£Lt 00'89ZCI100CvT+2t

yibua]
adig
pasodolg

@

7441

of£el

seel

05‘%
(s

-68-




AONIOV NOILYYIJOOD TYNOLLYNNILINI NVdvl

EEW ] o Bumeig

1002 30F | eied

(8/€ 113 NYMVHE NIW-LNV1d INFWLVIHL ¥ILVM)

3did NOISSINSNYHL ¥31VM

S3LLTIOVL ATddNS Y3LVM NANVANHLY S0
LNIWIAOULNI HO4 103r0ud

AVdIN 40 WOAONDI
NOLLVHOCHOO AddNS d3LVM TVdIN

009/1=AS 3J11304d

000¥/ L=HS
AATIVA A
FATIVA ¥1V A'Y
FATYA 440 MOTE& A°0'H
Niv¥Q 393 331 al
IONYTd/A TIL 4L

2L ONIDNQHA ¥l

38l L
¥3IoNna3y b

GNZg ;]
N353

3SUN0D
3svaens

3SUNOO 35vE

3S3N0J ¥3ONIB w

3SHN0D 30V3WNS

SL0EZ

oS

(Qv0Y WAAN39) ININIAVG

m m m ) 7 5 5 5 5 . 5 . 7 . -
> > >
: : : & : P 5 : : : &
- + + + t ; o + ; o . + . +
M U % X M m W M M W W W m W m M {w)soupys!
w)eounsig
& & & & & & & & m & & & G & G & oo
o =3 o o o =3 o =3 =3 Q o o e s s
3 3 3 = 3 3 3 3 3 8 8 3 3 3 3 3
@ s & S & & P & F b S c @ =
g § & g g g g ¢ g ¢ £ 8 ¥ S § oo,
8 B 9 8 8 8 8 2 2 2 & ¥ & 2 @ 8  bunsn3
q [ i " P ' @ o ] :
LU} QAL
8 g g g & =8 5
M 3 4 > = 2 8 & posodoy
r \_ _:ch
= adig
WOGT =1 GSTENA posotiaig
oict
S
{avon WeNa0) Ovde qanvd
SigL
ozel
ezl
l
T oset
seeh
<% ovsL
£
¥
arel
0
(&
osti

000¥/1=S

> @a cao

N AREAS
< rt r.ir.&_i&
SN
oy

)

3
L)
(G

D
3
e

{x
@

G e
2/1¢ee) 8
-

-69-



AONIOV NOLLVHIJOOD TYNOILYNNILNI Nvdvr

Ve [ onbumea | tooznr | eea

(8% 113 NVMVHE NIN-LNVTd INJW1VIHL H3LvM)
3did NOISSINSNVYL HILYM

SILTNOVS ATddNS YILYM NANVWHLIYN 40
INTFWIAOHWI HOS LO3roud

WdAN 40 WOGDNIN [ m ) m m [ [ m % £ ] 9
> > > > > >
NOILVHOdHOD ATddNS YALVM TVdaN 3 & z Z z 4 4 ? z z £ Z| “on vonmis
: p— T T T & T T S : : : : : : T t . :
e S S 3 : 5 i : i 5 3 i § i i w
ooz o1 004 w)aaunysig
& 5] g & & & & & & & & & & & & & & & imoL
[=3 ¥ o ©o o o =3 o Q Q 3 < <
g ¥ 33 3 3 3 8 8 3 3 9 3 8 _ 3 3 e 3
4 @ T u g G g @ o o@ 4 g ] ] 4 4 «
s § 238 g S G - s 8 g g 2 8 ¥ 08 S
& M - > g 2 8 g 2o 8 > 2 8 = S 8 bupsng
009/1=AS d1140dd @ g @ a g 4 G @ ] 4 g 4 wens
oook_lzm s 8§ & g g i g 8 : 5 g g Com
= > N 4 & 3 IS g o a 8 S 3 pasodouy
HAVA A _/ L Eﬂr_o._
IAIVA ¥IV AV WOOTT=1 OSEONA pavodig
IATVA 440 MOTE A'D'@
NIV¥Q 407 3EL QL ool
FONYTA/M 3EL 4L
33L ONIONQEY WL {avod aaNnao) (vow Qv coot
EETANE
¥Ionasy ¥
—l
aNsg a oieL
daN3van
/ / sicl
\l‘\\'\
// s ozel
//
— 1 g/
szel
8 (3 Y 3 N
//9 //é //5 /2
358N00 > € et ¢l o£sL
3sveans S x> I
BT P
3S8N00 35vA @ S ARSI SRS
..w«% WARBRERRY %%.?5 »
o $§ S QT € e
d
35UN00 WEGNE 3 <t a0

3SYN0J IVIUNS

(Ovod Tvy3N30) INIWIAVL

9
z
&
05C# WA
@38 anvs
o
d —
I
| |
= | |
o 5
° ! o
L 77774
S B
[ W 2
060 & LR
TR

-70-




AONIOV NOLLYHIJO0O TYNOLLYNYILNI NVdvl

Se [ “onbumeg | looznr | eea

(8/5 L'13 NVMVHE NIW-LNV1d LNIWLYIHL HILVM)
3did NOISSINSNVYL H3LYM

SAILTIOVS ANddNS HILVM NONYIWHLY 40
INIWIAOUW MO LOIMO¥d

Tvd3N 40 KOQDNII
NOLLVHOdHOO AlddNS H3LYM TVdIN

D09/1=AS J1404d
000¥%/ L =HS

TATVA A
FATVA ¥4IV A'Y
JATVA 440 MO8 A°O°E
NIVY¥Q (o} HAL aL
FONVTJ/M 3L di
33L DNIDNARY L
g3l 1
¥IINAIA ¥
ansg 8
aN323d71

3SMN00
3sveBns

02 00%

3SYNOO 3svE

(14

3S¥N0D
INFRIVIYL SNONIANLE
3SHN0J YIANIG
SN0 30VANS

(A¥M HOIH ODIN¥V) LNIW3AVA

b ] 3 3 3 g g g g g g
> > b4
1 T & & T & G && & T T S T I S Ey
b z & 4 L i ¥ by 3 ¥ b + ¥ ¥
3 & 3 2 > r R I 8 b4 b3 ? 4 3 £ 2 (uhsoumsig
& = 4 & g & d 34 & & & & 4] & & [ IS
(=3 Q o [=3 Q O [=3 ~NOo Q o o Qo o o o [=]
) =] =) >3 £ 9 22 =] Q ? ? ? o] Q 2
B B 8 g g8 8 88 o o o o o o« g 4 (weast
N N © > NN N bl o o o = o e ~ o) punog
& a g & 8u 2 35 3 g s & & 8 3 B bunspa
2 3 <1 <] 8 8 g a g <] & (wens
o o 1 & & > @ ° @ o o edy
8 & & 3 bt r 8 8 3 N & pesodoiy
ﬁ \_ yibus
WO001="1 OEEANA 2did
pasodouy
G621}
0ogt
(801 odid SoEh
oig
GifL
y
< <3 I &%,Wv
\ OV 4 N
i 2 - e
€ %7& {3
g
&
000¥/1=S NVId @ ®
£
LY B, ES
2 A
.
o A ’ \\
3 2 g
% & F N
e A3
.\\\
Y 25
7
% AP
SP
3
1)
< 2 o 8 ARLETS 3
el vmv&w/vr QL CHCRRR
N N D21 2
(.+o rﬁ 2 LR ¢ \
©
S
£Y s, S
< © G
&

-71-



AONIOY NOILVHIH00D TYNOLLYNEILNI NVdvir

9eW [ onBumes | toozinr | eea

(8/9 113 NVMVHE NIW-INVId INFWLVIHL HALYM)
3did NOISSINSNVYL d31VM

S3LIMDVA AlddNS YALYM NANVYAHLYY 40
LNIWIAOUINI HOH £03r0dd

TIWVdAN 40 WOQONDI
NOILYHOJHOD ATddNS H3LVM TVdIN

7 ST ]
A

00578

ONISSO2I J3AIN

o I
iz oSt
TT09d | : : ; ; ; : ; : : ; ' :
= b-3 p-3 > > > >
owwwvw Dmm X ® = 3 8 a 3 & & ﬂ a 2 o "oN uonDIS
3 3 & —3 $ T % & 3 $ 3 & 3 & & ot 34 &
% & & i & & & % X x & $ & & 4 & s 1| (wyeoumsia
& & & & & g o G & & & & o & & 5 S& & oor
o [=3 =3 o Qo Q o [=] o o Q o o o [=] [5/=3 Qo o
I3 53 3 3 8 S 8 8 I3 -] 8 1] -3 ) I3 <3 88 3l
FATIVA A AN LY B LY x Ry B E = EA By By Ey EA B - <L BA
FATIVA BIV AV 5] 8 8 8 & g 8 8 8 g g 2 3 B B i B8 B (wyeaen
o 2 e 3 @ @ 2 @ B8 3 & IS 3 S S S N 33 S| punosg
HATVA 440 MO18 A‘0‘8 o g 3 3 3 o @ P & o e P o Py R S P
I N a N ) @ 3 = @ S N ] [ @ ) = o ¥ @  bunsixy
NIV3Q 304 FaL aL . \ A . . e 4 L ) ) : R N N — A
IONVTd/M 3L 4L o e = N S o N N|
W) 8AS
sai onionass  uL & s 8 8 g g 88 s 5 o
FaL L 3 2 3 > 9 o = 3 8| pesodoig
I — . . N . . R M A . . N . . . . . A
anag 8 ﬁ wer8=1 \_/ bua
— = edg
angnant WEB66=1 OSEAAA 05£diDa WHTT=T OGEPAA pasoiag
_ H _ ezt
T 1 I
I59M09 ey T 0 o ]
Isvaens 5 $ H oost
354N0D 3sva S g ¢
ﬁ(! HIIH OOINNY) OV0d (3AYd SotL
358N0D S

INIAIVIYL SNONINNLE
3S¥N02 y3ANIF
3ASYN0D 30VAINS

(AVM HOIH ODINYY) INIW3AV

0Se# WA
Q38 QNVS

-
-1

000¥/1=S

oigl

Sl

-72-



AONIOV NOLLYHIJ00D TWNOILYNYILINI NVdVl

LEW oNGumeig | ooz Inr | eeg

(82 113 NVMVHE NiW-LNV1d INTWLYIHL H3LVM)
3did NOISSINSNVHL ¥3LYM

STALMIOVA ATddNS HILVM NANVWHLYY 50 B % i P b3 ” & P v & & 3 & ™
LNIWIAOHII HOL 1O3rOYd ; ; > N > 5 5 > » »
& & 8 & & 3 3 3 3 3 3 3] on veners
VdIN 40 WOADNIN ¥ o
NOILYHOAMOD A1ddNS ¥ILVM TVdaN A . . R , ; s A .
M X R % 4 T 4 4 T M 3 3 & 3 &
oY % & L & % 5 b 5 s $ % 4 & P (wyeouoysig
J &S & G & & & & & e & & & & & & e
o © 0o O o o c g c
ez o B ¢ $ iR ] S s 3 3 S 3 3 3 3 3 3
I R R N N N i I} N N I o w o o
5 ¥ < 22 g 8 g 8 2 z 8 8 g § 88 Gomg
009/ T=A5 73094 S ] o 8 @ 8 8 3 8 4 & 2 N N 5 8 bunera
= —t t H . + 4 . + + + . + . +
_ N I~ Y N N RN N o
000¥/ L =HS g g & g g $ | Lu
2 K x 3 g2 & 2 4 pasodoid
FATYA wepg=1 \ﬁ L wbuel
AATVA NIV 0594100 _\ WGOI6=1 USLPNA posotiosg
HATVA 440 Mo7d
TEye=T
NIV¥Q 40} FEL J— I ] 06z}
HONVI4/M 5L
531 SN1DONQIY c621
3L Tl
¥IONATY g (ovm HOM QONNY) | ooe
an3g a = OV0d G3AVd
aNFnan
/ sos)
oigt
358n00 e ol <® < < ol P
Isvaans S < <) < e < <) t.%e siel
N A
354N00 35v8 S
S p—
_— 000¥/1=S NVId ozsl
354N00 i
INSAIVASL SNONINNLIE
3S¥N0D ¥3ANIE
354N03 30v3uNS
(AvM HOIH ODINYY) IN3W3AVd
a5 AA
Q3@ aNvs &
£
2% (0019x0G6€9) QL £
WW (0569) A+(089) K08 A
ANV .®
| |
= | |
| [ ? ? ?
_ Y o o ™
¢ O
L s "
060

i3

.5y KL OSER X W
Bl
LY

05vv8

TTRFRETY 30013 TROR

DNISSO2D A3IANIN

-73-



AONIOV NOILVHIdO0D TYNOILVNNIINI Nvavr
8EW [ onBuwma [ tooznr | ewea
) " & T & " ) &
(8/8 113 NVMVHE NIW-LNV1d INFWLYIHL ¥31YM) m g 3 a a 4 2 E
Jdld NOISSINSNVAL H3LVM g g & & & & & &| on vonmis
g , , , . .
¥ + 4 % . —t + 4
SILMNUOVA AlddNS MIALVA NANYWHLY 40 2 ¢ ] $ w LT3 [ 3 i3 M N
LN3W3AOHAWI ¥Od 133r0Hd 3 g IN 3 N 29 Q 8 b4 @ 3| (weoumssig
& o o N A& & = 3 & < =
(=] [= o
VdaN 40 WOGONDY g 8 8 58 88 3 3 35 8 3
NOLLYHOAMOO ATddNS ¥3LVM TVdaN * s * % T ¥ X pvn * mx
8 8 8 8 g 88 8 8 88 3 B (w)ensq
> & o o > >N * o 16 ® O punoxy
I a 2 I 5 8 48 8 3 8 3 N bugen
_Lnn ow- + n 1 + N 4 " + 4+ 2 2
] g & & & (wonen
009/1=AS J11404d o £ oo &g 32 sdig
OOO.V\ L=HS . < N® © & pasodoig
ﬁ \_ ybus
= adig
W099="T OGLONA | pomada
ATVA A
FATYA HIV AV
FAIVA 440 KO8 A'O'E (LRENED g R ) — [ s6z1
NIV¥Q 10} FEL aL V08 TV [ i
2ONVI/M BEL AL ool
adL ONIONAEN ¥l
3L ER — <oLL
EELDLEL ' —t
aN3g g
aNgoaT ® oigl
LS >
Q %
35400 o o X &
3svesns 5 359N03 e ,,ﬁ QNP
) 3svasns ) v
3S¥N0J 3sva (=] o — N
354N0D 35vA 5 &
¢ @ ¢
S 3
358N00 ¥30NE —
35900 Y30NE 3S8N00 0VA¥NS 000¥/1=S NVId
3S¥N03 3VRINS
(AVM HOIH QOINYY) IN3IW3AVd (Qv0y TvH3INI0) INIW3IAVD (GL#) A'V+(SLPXDSES) L
0GE? NA 005 4120
3dId NOLLNEIALSIT
G38 GNVS
=]
d g T
1 T
B [
o | |
© | |
L L N

-74-



AONIOV NOLLVHIJOOD TYNOILYNNILNI NvdVT

6EN [ onbuwmg | ooz r | ewa

LNOAVT IVHINIO
JINVL G31VATT3 NVMVHE NIW

SALLNOVA ATddNS HILVM NANVNHLYN SO
INIW3AOYdNI BO4 103rodd

IYdIN 40 WOODNDI
NOILVHOJHOO AlddNS ¥3LVM TTVdIN

00t/1=S

i T

L« c—— e—— ' *....

o

QVOY a3AVd

avoy G3ITIIAVHO
EELTE

FI0H 808

WHYN HON3E

JNIOd ISVE AIAMNS
TIVM ONNOGWOD
F10d ORLLoT 13
UNOLINOD

el

~udSO®

{

NOILJINOS30

JI08MAS

‘SAN3O3T

YOy Ss300y

Oy

avOu SS300V

a
%ﬁy&&ﬁm
Lvo
0y Ganyy & [>esenie
00S# d1od_3did NONEEISIZ I, e
| _[0ST# WA 3did NOISSINSNYY

NOIS

TUMNVL Q3UWATTE- Sovon 1 IR

-75-



"XONIOV NOLLVIIJ00D TWNOLLYNYILNI VAVl

[ [ onbawea | o0z | ama

(2/1) 3UNLONMLS H¥NVL GALVATTI NVMVHS NIN

SILHOVE AddNS HIALYM NONVAHLYI 40 0oLl INE [ THR 1 "

ININIAOHAW! ¥O4 LOFMOtd % NOILO3S V-V

TVdIN 3O WOQONDE
NOLLYHOdHOD ATddNS HIALVM TVdIN

_ LT
[£9743 ~ —0%8
ocwﬁ B 44
| 0GZ9I=PGz 18] 12
T o007
B 7T oS S Ko, d0 DRIV -
L W B
B
W '
B
B
E
m UL B
db
005¢ 3id A0 1IN0
0059 3ad WU W0 -
Lo x
a B
2) g5
g
1 \_0002X000¢
SONINIJO
o
2
s/ _/LIv
ONLIOOYHIIYM NISH |.v
e
B I
B
- ~
3 ES— S |
e ———1m" 1] 28
7.2 mama | | T ____.uolo
) 2
09 f 058
009
i 1 01T
comw 7 08 052 G (1143 fus cQT T (52 052
— 11478 11447 M M 4478 N 05Z%1

-76-




"AONIOV NOILVH3O00 TVNOILVNYILNI NVavr

Wi [ onGwwea | oz or | ®ea

(2/Z) JUNLONYLS MNVL Q31VAITI NVMVHE NIN

SILUMOV ATddNS UILYM NANVAHLYM 40
INIWIAOUANI B0 LO3r0Hd

IVdIN 40 WOQONDI
NOLLYHOJHOD AlddNS HALYM TVd3IN

o081

INS

NOILO3IS 3-0

000T

0019

00T%

0443

0¢

00K IWS

NV1d NOILVONNO4

OOTZT

|
s i
A////\\\\\\I__.t_ll//////\\\\v
g PR >&
/y v < A\
\\ t //
L g: ,/l
B B _JL 4
: fe==z3—- - - Cr==3
ETF r : IS
\\ /]
/// \\\
L /J/\O | A//\N\
w \\\/A/ m \v\//
< /////L_l\\\\ //V
=
w It
5 Ui
f
29 TSTAT=0GLTRT 7
0508 Sw: Ly
038 0528

-77-



"KONZSV NOILVHIG00D TYNOILVNUZLNI NVaVT

ZrW [ onbamews | rooznr

1 =ea

LNOAVT TVY3NTO
MNVL Q31VA3TI YvaRINa YHONIS

SILLINOVL ATddNS HIALVM NONVWHLYI 40

ANINIAOYCNI HOL LO3MO¥d

VAN 40 WOQONDI
NOLLVHOJHOD AlddNnS H3LVM TvdIN

00%/1=S

Iy S A VA

WNOLNOS X301
UNOLNOD

VM.

avoH 02AVd

F0H 308

10d INOHJTTIL
FOd OMLOTNA
E=CTY

1NOd 3SVB AIAMNS
ONHOLI MORI8
ANIIIAVE HLYALO0d
ISNOH

135 ¢

&
488 BO

BE

Zza

NOLLINOS3G

IF108NAS]

$ON3931

4

SONITTINS 301440 LNIWLHYJITIA ONISNOH

. SINVL
\Q31vAT13 w0

avoy $$300V A3AVd

0000¢

000.1

-78-



AON39V NOLLYHIdO0O TYNOILVNYILNI NVdVF

o | “onsumeg | oz nr | @eg

(2Z/L) IUNLONYLS
YINVL Q3LVATTI HvEHNa VHONIS

SILLNIVA ATddNS WILVM NONVAHLYI 30
INIWIAOUNL HOL LO3roNd

IVdIN 40 WOQONDI
NOLLYHOJHOD ATddNS H3ALYM TVdIN

oKt IS

00GL¢+19

© ©

L4

0579 0523 [:34] 2447

SCIT ‘ (3439

_ SZIE 4 434

g
R I 17T r ~<
70 | 1 i I
\ [l 1 1 b [
11 i I 1 t \
| 11 ! I i bl |
t 1t 1 | ' 11 )
1 11 ) 1 11 )
1 [ [ I ! 1 i
I o 11 o [ o } o i o 11 o}
1 11 14 1 1 11 i
1 [ 1 I | 11 | 2
1 1t 1 i 1 11 1 B
[ 1 i I 1 1] 1
1 1 1 ! 1 1 i
1 11 1 i 1 11 |
1 11 1 i 1 11 i R
L_—d 1 . | E— - 4 b——a B
e B I e 4 === o I ittt R B
1 | I 1 1t 1) t
] 1 1 f i 1 {
[ 1 ) i i 1) i
1 i I b 11 1) i
1 il i i 1 11 i
i [ Ll 1t 1 [ i m
Pol o | o P ° P o 1o
| 1
[ i P e [
i 1 1 [ 1 i 1
| 1 ) b 1 1 |
- | ¥ | .
\ 1 1 ] bs
| ! i v il B
N ! [ 000l 1 i1/ B
-~ I Jol | Ll
12
Ad
oL IS
® ©
i U247 o007
7414 ‘ 2414
3=
ks
B
g

S
|
|
I
|

J
|
| |
1 ]
| I
1 ]
1
| ]
| i
| i
| ]

B T
[

©)

0003

003T

-79-



AONZOV NOLLVHIHO0D TYNOLLYNYIALNI NVdVYF

[l [ onbummg | iooznr | eeq

(z/2) NLONYULS
YNVL G3LVAT I HVERING VHONIS

SILUNIVS AlddNS UILYM NANVWHLYN S0
INIWIAOHCNI HOL LO3r0Yd

V3N 30 WOAONIY
NOLLYHOHOO AlddNS HILVM “TVdIN

001:L  IVS WLy INE

NOILO3S V-V NVId NOILYONNOA

o4
005T
000 ooji {ovre
ove
O,

NN g

R 0002 [224] R4 0529 0529

0059+198

009% 3dd WFU IO

0T

0098 3dd MOU &30

DO%¢ 3dd WO | T

=
T
L
|
L
i

1 __:—Lﬂr

\
\ T 00z 14798 w _ :
. _ |
' ) 1

00S

|
ity
1
|
|
JH|}
|
|
|
|
|
1+
|
|
|

-80-

009

000ZT

0009

£ _ 2\
h o
|1 . | T =3 <
T - A N R Bociz+198 r‘
[ 1 | I L i _ | I 1 1 1
ooti=k__/ \ 05=1
TVRONTH ! oglfist == 1 odlfst YINON 3003d VA
0099 0S¢ oot 004 577




AONIOV NOLLVHIHOOD TYNOILYNHIALNI NVdVI

15 [ onbuwesa | toozwnr [ aea

dVIN NOILLYOOT

SALLMOVE ATddNS WALYM NANVAHLY JO
ANIWSAOHNI HO3 103rodd

TVd3N 40 WOADNDI
NOILVHOdHOO AlddNS Y3LVM TvdIN

Jlonsasay bunsixy:
dim Bunsixy: @

undnva ¢ [
Jonsesay pasododd: [
[ EREN]

pasy @oia1as Alddng Jajom

's9y ofumyey

dlM !ieqsueg

"say apog

(y0sfoid nyqibys) dvw NOILYOO1

‘say [ayeyeL

£
=
2 2
% %
2, z
4 2
"say nyqIeys \
\
- __.D \
p § Sy nugleys mop )

Al ']

ﬁ 4

[}

]

1

]

1

]

s

1

1

[~ A
/o
/
\
e
N\

dim nfejeg

f.l.\.‘/

41N tieqsueg .
— .\

-81-



AONIOV NOLLYHIJOOD TYNOLLYNYIINI NYdvr

zs [ ontumea | tozinr | ema

LNOAYT TWH3NIO
HIOAHISIU NHEAIVHS MaN

SOV AddNS UALYM NANVWHLW 30
ANINIAOUCWI YOS LI3r0Nd

TT¥d3N 30 WOQONDY
NOLLYHOdYOD ATddNS ¥ILVM TVdIN

00v/1=$
:w 4 [ AR
0066¢
jo D ~__ 4 '//M\H)\\H///lwog
° (
............. E { — 1 =
“ R I T S AU O
. 11 S
m w ...............................................................
0 ” {1 TSRV RURURURT
“ MY - -
m m ...............................................................
O 1 I
\ i 5 A (sw00.2)
1 o 1 wd HIOAYISIY NHBIVHS MIN - - - - - - -
m HI0AYISIY ONISIXT “ 11 PO
! FF I 1 N R
" _ _“A ...............................................................
B ! B 1 -
— H 1 ; ..............................
= s \
WMIN/,//I/ \\ ) T
s ..7Hﬁlhnuuh%wdﬂﬂlﬂmﬁnﬂ\“ﬂ//a .............................................................. = LI W_IIHJ\
= 4 11 L 1l 1 i 1 L 1N \
, | \
b — \
—\\
) ;
’\\_ -
— [
\
, J
— — \
— f

-82-




AONIOV NOLLYHIJOOD TYNOLLYNEILNI NV

€S [ onbumea | o0zt | wea

(2/1) IUNLONYLS HIOAYISIM NHAIVHS MaN

STLNOVL AddNS HIALYM NANVINHLIYI 4O
LNTWIAOUAWI HOL LOFFOud

IYdIN 40 NOAONDI
NOILYHOJHYOD AlddNS YILvM TVdIN

NY1d

001 : 4 =3W3S

2%
sz
23

00807
——

O00FT
TRT
DO0ST
10037
§§§

TOLET

VO MO N

-83-

TOOGT

hey
m 3UvO 4O 10

TO0FT
WFT

WET




AIN3OV NOILLVH3IJ00D TYNOLLYNHILNI NVdYT

[ [~ onbumeg ozt | meg

(272) 3UNLONYLS HIOANISTH NHBIVHS MIN

SOV ATADNS HILVM NANVWHLIYI 40
LN3W3AOHdNI ¥O4 123rodd

IV¥d3IN 40 WOASNIY
NOLLYHOdHOO AlddNS HILVYM TVdIN

00t : L =3M3S

(0S8=M) Sd3is

ﬁ%

ail

ROOY NOWTIOS
YIAM0d INHVIIE

TOS¥

o

TIE0T

003

Wlooy

T

Ll " 05

Wiy
06"




AON39V NOILVHIJ0OO0D TYNOLLYNYILINI Nvdvr

s [ onbumma | o0zar | meq

ININDIND3 ONIQ33d W3AMOd
ONIHOVITE 40 WYHOMYIO MOT4

SILTNOVA ATddNS YILYM NONYWHLY JO
INIWIACUHCWI YO LO3rOMd

TTvd3aN 40 WOQONDI
NOLLYHOdHOO AlddNS HALVYM TVdIN

3INON = IWIS

SINIO ONIAT3S OL

NISVB J0VNIVH0

¥

-85-

]
g
i

»
4
?

YINIVALS 3dAL-A
JATVA NOUVINOZY NSSIAJ XOvE

[ V0]

3ATVA NOVHAVIO
3AWVA %J3HD
3AVA TIVE
3ATVA 3LV
NOUJRIOSI0  Toams

N3O

X2 X [P




“AONZOV NOILVH3d000 TVNOILYNNILNI NVdVr

o5 [ onbumea [ looznr | ewea

(b/1 YN LNV 1-HIOAHISTY NHAIVHS MIN)
3did NOILNBIMLSIA H3LYM

SAILIMNIVH AlddNS HILYM NAONVIHIYY 40
LNIWIAOYAWE HOS LOIrONd

IVd3AN 40 WOQDNDI
NOLLVHOGHOO AddNS HILVM TvdIN

sz o

JATVA A

FATYA HIV AV
JATVA 440 moT8
NIVdQ J0} 33L aL

BONVTA/M FEL 4L
231 ONIONA3Y AL
il L
¥3onazy ¥
anNag q
angosan
3SUN00 s
35vEanS S
358N00_3SvE &

(43

3S4N0J y3ANIG M

3SUNOD 30VIRNS

(Qv¥0Y WHINI9) IN3WIAYL

00€# dA
d38 ONVS

g g 9 g 9 4 4 g g 9 9 R
2 m m w m w w m m m 3 m "oN uonois
i ¥ Ly $ & S 3 ) ) & 3 553 & 5 $
¥ + + + + + + ¥ ¥ + + + + F F + + +
N = o © -] ~ ~ @ o e » «w 9 NN N = 2! (w)sounysig
o o o o o o o [=] o Q o E o o0 o Q o~ [=]
& & a & o o & g o @ @ & g o o @ & gl ool
f=] o o o o o [=] [=] [=] o Q [=] [=] Q [=3 Q o [=]
2 ¥ g 7 s e e P2 F - P - 4 £ 2 5
g g g & & & & & & & & 3 § & 5 & 4 g (weren
& 3 @ [ S S = 2o @ © » S S = = punoig
& 8 2 2 5 & 3 8 8 ? 8 8 238 23 8 B bussa
G @ o & G oo R .
£ 3 g g ¢ 2 g 3 “nn
] £y s ® S8 8 &l pesodoiy
ﬁ L ybus
= add
WOOT =1 0OF@dA pesodo.g
| .
f“ﬂ Sziﬁa\i > s¥elL
---l.-llllll.r::::n::::::::. osgl
// ssgl
ll::;:ll:::::::::::::::/ osgL
st Y
/ soct
ocst
segl

000¥/1=S NVId

L3N HOLVA  ome e,

-86-



"AONZOV NOLLVUI000 TYNOLLVNYZLNI NVAVr,

s [ onbuwes | looznc | eea OO@\ T=AS 130494
(p/Z HNALNVI-HIOAYISTH NHBIVHS M3N) OOO¢\ —. - Im
3did NOILNEIYLSIA H3LVM , ; . v v v v — — ; , - — ; x : ,
3 2 a a 4 4 a 4 4 a 4] g
3 = o o o o b o o o
SAILMNIOVA ATddNS HILVM NANYWHLYY 30 8 % b4 o & 3 ES @ S P N 2| ON vonois
INIWAACHAII HO4 1O3r0kd ) . .
t T t e ry ¢ ™ +— Tt - + hy — + T + + +
VAN 0 WOGON. s Z P & 3 : 2 T Bt % Yt 33 5 t 1 u 3
d: Nl (wr)asub)sy
NOLLYHOdHOD Alddns ¥ N 8 > 8 2 8 = 3 g g 8 8 3 g 2 28 g 3 5 g 8 ( V_BE. a
2 =3 [=3 a o Q o o o C c - o g I . e P
3 g 3 3 3 2 3 33 83 8 g 8 33 $ g 3 3 3
. i x 5N * by x =+ T—F L X X * T—X X x * 5N BN
»N N N N 1] nlsu (23 W 2] w w “ w L7 ] 2] W 7] 17 1%
N s B & % B s 8 8§ gE & g £ £ E5 £ £ 5 G
3 S & b - b 5 ¢ 2 & [ 4 3 3 8 3 & 2 3 o bunseg
, ; ; ; . N N .. A L L N o . . . , .
FATVA A - N N = o = = = > 2 = = =
IATVA A1V AV & g & g 8 8 g g g g ¥ g £ Asu%\a._
: ; ¢ @ < ¢ ¢ ¢ E ; : ) : adig
SATVA 440 MOTE A'0°E ] g & > < 2 8 & g 2 & S 5| pesodoid
NIV3Q 903 33l aL t L L . R R . L A , . 5
TINVIA/M AL 41 _/ ybusT
3L SNIdndZd ¥l WOOTT=T OOEFdA uowuﬂ__wi
334 L
EERNTEL ¥ 08z
anNgg g
aNg931 (GYCd WEINaD) OV08 AV
S8z
E-REO ]
Bl H\ 0621
- 14}
358N00 ha
35vaans m
354N00_35v8 3 p oogl
Sy
3SUN00 ¥IONI sogi
ESTESZS
oisl
(OvOM WHINID) INIWIAV
& & _m
GO NS sigk
Gl
N
<t
& ozeL
P
)
CAPCS
< ¢ ﬂ/ szeL
// ogs
/ seel
orel
svel
®
prey J
000%/1=S NV1d < osel

&

L 3N HOLVN o—~ I

-87-



“AONZOV NOLLVHIE000 TYNOLLYNYZINI Nvavr
#s [ onbumma [ ooz | emq
(#/8 HNALMYT-MIOANISTH NHEIVHS M3IN) m>,_<w>“‘_d >>.< 009/1=AS 3JT40dd
LLNGIHLSIA HILYM \ =
3did NO! S IATVA 440 MOTE A'0°E 000%/ L =HS
NIVdQ €0} 33L a4
SaLITIOVS A1ddnS ALV NONVIHLY 30 JONVI/M SEL 4L
INIWIAOHCNI HO4 LO3r0Hd 33L ONloNaIY ¥ - ) ) - i — — , —
VAN 40 WOGDND 8L L 2 3 hl 2 o 4 B
NOLLVHOJHO0D AlddNS HILVM TVd3N AA9NAIY ¥ N N % 5 N N N| oN uonpis
anNmE @ ] ) ) . )
| aNa93T ¥ TR ® Pr % o2 PR OB PEY
e d 2 g & 3 g8 ¢ 3 % 3 § & & (eoumeg
oo * & & @ & g 3 5 @ & & & & & @ mer
[=3 < [~] Qo W el i=3 o Qo o [=] o [=)
3 s 9 2 gg & ¢ 83 3 38 3
5 5 5 % Sk 8 B BB B % 5 H e
g 8 B g &g & § ¥E% F 888 G
@ 7] o © o o o o N (-3 [2] ~ N o B
o < 151 N1 a N w = © © ~ > 3 3 unsig
B ¥ & : FE B gE 8 £E g o
3 3 8 3 53 > © 3 e 2 & ol pesodosy
ﬁ wygp= L ybua
WL Z1E=1 00£9dA 059D WEGEZ=1 00LédA ponad o
[] LT ] oz
GG E @3Avd
|t obpug NGION
— ezl
o621
|__|[sser
—
@} oost
w0 soet
' &
N £
) va_mm%\ oist
TN
i 005 dh
359n00
3sveans 3 038 ONvs
358N00 35vE @
S
© INANY2R
359N00 ¥30NIE
35805 30VIANS | | OOO*\ 1=S NVY'1d
— | |
5
| |
(Qv0y WH3N3D) INIWIAVD L i @\0\
~ %80 /apﬂ
]
! ~ i P
= .. I { r\ ; ER
g % | g %
& WAl z 3
301 DRIV m w\ll ﬂﬂ
©
©
0% (4
DY e
e @ &
S k 10
o &
< VX 4Ax
0 »
< &

- 88 -



“KONTOV NOILVHId000 TNOILVNUIINI NVavr

65 [ onBumea | toozine | eweqg

(/¥ YNALTIV1-HIOAHISIH NHEIVHS M3N)
3did NOILNBIYLSIa ¥31VM

009/1=AS 3J1408d

SIILNIOVL AlddNS Y3 LVM NAONVYWHLYY 40
ANIWIAOHWI HOH LO3roHd

TYd3IN 40 NOJONDI

NOLLYHOdY 0D ATddNS HILVM TYdIN

wooz oSt
AATVA A
BATVA AIV AV
FATVA 440 MOTE A'O'E
NIv¥a (0} 3L aL
FONVIA/M 3FL 4L
23L SNIONGEN AL
a3L L
¥3onaay ¥
an3e a
aN3oiaT
35HN00 o
3svaans i3
3SMN00 3sve ]
@ n
(=]
358N05 ¥IaNE
FSIN0D F0VAINS
(Qvoy WHINID) ININIAVY
0SE A 0054 dA
G38 aWs q38 O
=
o _ (. w '''
1 [
| |
= | | =
1 1 ““\M m&

(wyz'1)
HOHOING 1V 3did ONMSIX3
HLW 3103NNOO 38

N s
\

3

i

000%/1=S

NV1d

L3
47//4 Al
¢

] 4 g a a ] a ]
o ™ - - - - - Mmoo
£ ¢ g 8 d 8 3 B on vons
“ n 1 + +
P ] o ¢ & & & & & T & 5 Bl
%HHN&.WH HHH H H M it N M M HﬁEvauu«mn
¥ A uoysy
&b @we & 8 8& B & @ & & & & & S mor
0O 0O O oo o Q O O [=3 [=] Q [=] o =] [=] Q)
. P2 g g ¥ g ¥ % = 7
EEETEEEEE: g : : & & 5 & -
NN N WNe o o° &9 g & & £ B £ 8 g G
g &8 e R 222 o H > 9 < & ] & bunsix3
Ydd dEE @aa € ¥ 8 BB ST
o> & ok ¥ 8 3 9 2 a 2 G o S oadg
&8 B8B& 2 5 22 3 8 a 4 8 3| pesodoid
weg=1 \_ wbue
WGee= odid
[EL C65=1 00CAA ‘ posotiaiy
i ezl
)
=1
\ o6zt
621
oogt
Sogt
oigt
sicl
ozst

-89-



AON3OY NOILV¥3d00J 1YNOILYNHILNI Nvd
015 fon suravia Tio0z e ]

(NHEIYHS)
W3L1SAS T¥OI¥LI3I3

(NHETIVHS) W3ILSAS IvOId¥L33113

S3IILINIOVE ATddNS UILVM NANVHNHLIYM 30
LINIWIAOMLWI ¥Od 133r0¥d

TV¥d3N 30 WOAODNIX
NOILYHOdHOD ATddNS HILVM TT¥d3N

INVId LINFWLVIHL MNVL dI0AY3ISIY

HO0Y INIQ334 JTVOINIHD 031SIX3

Siol aviol
sro S0 [T [0 [1 NV3 LSNVAX3
¥o | ¥0 [ 1 [0 |1 dANd TOVNTVEG
vo | %0 | 2 | i |1 | dAnd NOISSINSNV4L
TT | vo [ £ 0 |% ¥OLVITEY
¥ | If |2 [0 |2 | dANd A14dns §3IVR NS KO |
INNATN0T ONTG333 30N0d SNTFOVATE | S—d TINV4 ONIOITS
JAVITNIHD
R R L B LS YN ININGINDI | ON TINVd
SavoT 40 LSIT
¥3103N0JSIQ
WYY¥HOYIA ¥3IMOd Mree

q 3N
bSy|

; BH -404SNVdYL (Q3LSIXI)

o q F_ MMG L0 L ONILSISIX3 YINYOASNYYL

S-d

-90-




2-2-4  Implementation Plan
2-2-4-1 Implementation Policy
1) Framework of Responsibilities

NWSC will be responsible for the implementation of the Project at the Nepalese side under
the supervision of the Ministry of Physical Planning and Works (MPPW). NWSC will,
therefore, sign the consultancy agreement as well as the construction contract for the
Project.

Meanwhile, a Japanese consultant will be responsible for the detailed design (preparation
of the design documents and assistance in the tender) and the supervision of construction
work. Following the signing of E/N for Japanese grant aid for the Project, NWSC will
conclude a consultancy agreement with the consultant in relation to the said consultancy
services.

The construction work will be conducted by a Japanese construction company selected by
NWSC through tender in the presence of the consultant.

2) Method for Implementation

The method to be employed in the Project will be the one in which the maximum of local
workers, equipment and materials might be utilised in creating the employment and in
promoting technology transfer, in consideration of the local construction situation and the
technical level.

3) Digpatch of Engineers

The water supply facilities to be constructed in the Project are complex facilities involving
civil engineering work, building work, and electrical/machinery equipment instalation
work. Towards the successful completion of work by satisfying the specifications
required in the design, dispatch of Japanese engineers with the respective expertice would
be necessary to provide guidance to local engineersin quality control and others.

4) Useof Loca Subcontractors

In a Japanese grant aid project, a Japanese construction company concludes a construction
contract with the government of the recipient country and acts as the main contractor (the
Contractor). However, the participation of local construction companies (acting as
subcontractors) will be important for smoothly carrying out the construction work in the
outside country where the different legal system, custom and sense of values prevail.
Some 150 construction companies are registered as Class-A in Nepal: these might have a
sufficient capability of construction work under the guidance and supervision of the
Japanese Contractor.  Local subcontractors shall, therefore, be fully utilised in the Project,
partly for the purpose of technology transfer.
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2-2-4-2  Implementation Conditions

Construction work in the Project will be carried out, taking note of the site conditions,
equipment and material procurement, labour, social conditions, and others, as delineated
below.

1) Mattersto be Taken Notein Mgjor Construction Work

(8 Temporary Work

The height of facilities to be constructed in the Project will be less than 5 m, excluding
overhead tanks. The excavation for foundations will require merely 2 to 3 m depth. No
large-scale temporary work will be required for Project facilities, if considered these
structural conditions.

Intake facilities of river bed water, the wells will be constructed with open caisson method.
Since the method involves congtruction of a RC structure on the ground to be gradually
sunk with its weight or load during the excavation inside the caisson, temporary work for
shoring will not be necessary.

(b) Earth Work

Excavation, backfilling and compaction accompanying with the facility construction and
installation of pipeswill be done with machinery, asarule.

() Foundation Work

Geological survey results revealed that the spread foundations might be adopted in the
Project because of favourable ground condition for most of the planned facilities as well as
due to asmall facility load of around 50 KN/m?. At the construction site of Min Bhawan
overhead tank, however, formations were recognized partialy to which the consolidation is
likely to occur; to prevent the probable affection, the pile foundation will be required.

Out of the different pile foundation methods, reverse circulation method shall be adopted
in this case, because of little vibration and noise, considering the impacts to nearby
buildings.

(d) Concrete Work

There is no plant of ready-mixed concrete in Katmandu, and the on-site concrete mixing
will be necessary. A proper mixture in weight is essentia in maintaining the
appropriateness in concrete quality. At least one simplified batcher plant shal be
mobilised in the Project, for this reason.

Magjor construction sites in the Project are: Manohara Intake, Manohara WTP, Shaibhu
Reservoir, Min Bhawan overhead tank, and Singha Durbar overhead tank. In order to
minimise the number of batcher plants to be mobilised, it shall be considered to transport
the mixed concrete from the plants to construction sites by concrete mixers.

(e) Form Work

Water supply facilities have an intricate structure with water channels, partition walls and
others. The average thickness of each member is below 50 cm. Towards such a
structure, plywood panels for concrete are commonly used. In the Project, plywood
panelswill also be used, in view of their workability and finish of the concrete surface.
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(fy Shoring Work

Slab thickness (concrete floor) in the water treatment plant to be constructed in the Project
will be 20to 30 cm. The height of shoring will be less than 5 m at the maximum, and an
appropriate support might be provided with pipe work. On the other hand, pipe work
might not be applied to elevated tanks, because slabs are located approximately 20 m
above the ground. Accordingly, prefabricated shoring will be used in the work for
elevated tanks, concurrently to be used as a scaffold.

(g) Scaffolding Work

Scaffolding will be erected for steel reinforcement work, form work and concrete placing
work. Prefabricated scaffolding will be used, while tubular scaffolding being used to the
work not involving concrete placing.

(h) Piping Work

As described previoudly, piping work will, in principle, be conducted at night using
machinery. So long as the traffic condition permit, however, the work will be manually
done during daytime. Simple digging without trench timbering would be satisfactory to
the trenches where water pipes are to be laid at amost all sections, judged from the
geological characteristics of the sites.

(i) Electrical and Mechanical Equipment Installation

Electrica and mechanica equipment will be installed upon civil engineering and building
work drawing to the end, and equipment delivery and installation being possible.
Nevertheless, electrical conduit tubes, etc. shall be installed, prior to the concrete placing,
with due confirmation of the route.

2) Measuresfor Safety

Safety measures vis-a-vis workers will be important equivalently with the quality contral.
Workers should always wear proper shoes (boots) and helmet, as the basic requirement for
safety. A safety belt should be used in the construction of overhead tanks, because the
workers will have to work about 25 m above the ground. A safety net will be put up to
prevent the scattering of materials by wind.

3) Construction Schedule

Nepa has the rainy season from June to September, and the dry season from October to
May. The construction work of Manohara Intake shall be completed in the dry season.
Other works might be continued even in the rainy season, though work efficiency being
reduced somewhat.

4) Observance towards Labour Standard

The Contractor shall follow the Labour Law and other relevant laws and regulations in
Nepa when employing local workers in the Project. The Labour Law in Nepa has the
following provisions:

- Basic working hours: eight hours/day or 48 hours/week
- Overtime alowance: overtime: hourly wage x 150%
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5)

public holidays:  hourly wage x 150%

Traveling and housing allowances.  none

Leave with alowance:

Retirement allowance:

Maternity leave

Tax obligation:

annual leave: 13 days/year

home visit leave: 18 days/year

injury/disease leave: 15 days/year

ceremonial leave: 13 dayslyear

work duration: more than five years but less than 10
years: 0.5 months wage/year

work duration: more than 10 years but less than 15
years: one month wage/year

work duration: more than 15 years but less than 20
years. one and half a month wage/year

work duration: more than 20 years: lifetime pension
monthly pension = monthly wage at retirement x
work duration (years) + 50

52 days/time (up to twice in the entire work
duration)

all employees

Observance towards Loca Customs

The following public holidays based on religion and customs in Nepal shall be taken into
consideration in determining working days:

Date

January 1
January 11
January 29
February 18
February 21
March 9
March 24
April 1

April 2

April 14
May 1

May 16
August 3
August 4
August 12
September 3
October 17
October 23 —31
November 8
November 13 - 16
December 29
December 31

Name of Public Holiday

New Year's Day
Prithivi Jayanthi
Martyr’s Day
Democracy Day
Maha Shiva Ratri
Holi Purnima
Horse Festival
ChitraDasain
Ram Navami
Nepali New Y ear
Labour Day
Buddha Jayanti
Jani Purnima
Cow Festiva
Krishna Astami
Indra Jattra
Ghastas Thapana
Dasain Fegtival
Constitution Day
Tihar Festival
HM the King's Birthday
New Year's Eve
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2-2-4-3 Scope of Works

D

)

The division of work between the Japanese and Nepalese sides in the implementation of
the Project is as below.

Scope of Work for Japanese Side
1) Construction of the water supply facilities relating to the Manohara Project and the
Shaibhu Project described in “2.2 Basic Plan”.
2) Maritime transportation of the equipment and materials procured in Japan to a port of
landing near Nepal .
3) Inland transportation of the equipment and materials from the port of landing to the
construction sites.
4) Consultancy work (detailed design, preparation of tender documents, assistance in the
tender and construction supervision).
Scope of Work for Nepalese Side
1) EIA study and the related procedures to be conducted in reference to the following
items; if required, environmental impact prevention and mitigation measures to be
undertaken:
(8 Social and economic environment
- Resettlement: residents to be displaced accompanying with land
acquisition and plumbing work.
- Economic activity: opportunity lost in production often acquisition of farm
land, etc.
- Areagplit: area split caused by traffic hindrance in the plumbing
work.
- Waterright: affection over the water right from river water intake.
- Waste disposal: sludge discharge from water treatment plant
(b) Natural environment
- River discharge: aternation in river flow from river water intake
(c) Public hazard
- Water contamination: pollution caused by inflow of sludge and drainage from
the water treatment plant.
2) Expropriation of the land required for construction of the planned facilities in the
Project and payment of the compensation required.
3) Power supply to the facilities to be constructed in the Project.
4) Leveling and clearance of the land at construction sites, prior to the commencement
of construction work, if necessary.
5) Construction of perimeter fencing and a gate at the sites.
6) Improvement of distribution pipe in Bhaktapur and Madhyapur service areas.
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2-2-4-4 Consultant Supervision

D

)

Consultancy Work

Following the conclusion of the consultancy agreement after signing of E/N, the
Consultant will conduct the detailed design, prepare tender documents, provide assistance
in the tender, and conduct construction supervision towards the Contractor to be awarded
with a construction contract. Major components of the consultancy work are outlined
below.

1) Preparation of Detailed Design and Tender Documents

The Consultant will prepare the detailed design documents based on the survey drawings
and the boring survey findings compiled under the basic design study and the findings of
the more detailed field survey for the detailed design, and will also prepare the documents
required inthetender. The Consultant shall consult with the Government of Nepal with a
view to obtaining its approval.

2) Assistancein the Tender

The Consultant will provide assistance to the Government of Nepal in such work as
announcement of the tender, pre-qudification, distribution of tender documents,
acceptance of bids and analysis as well as evaluation of bids, and will also provide advice
in contract negotiations between the Government of Nepal and a successful bidder. The
Consultant will witness the signing of the construction contract between the Government
of Nepal and the successful bidder (who will then become the Contractor).

3) Construction Supervision

Following witnessing in signing of the construction contract, the work of the Consultant
will move to construction supervison. In Japan, the Consultant will examine the
documents submitted by the Contractor for their approval by the Consultant. In Nepal,
the Consultant will provide assistance to the Government of Nepal in regard to the pre-
work consultation meetings and will guide and supervise the Contractor in regard to the
transportation of equipment and materials. The Consultant will also conduct schedule
control, quality control (including the quality inspection to be conducted by the Contractor)
and material control. The Consultant will report the progress and other relevant matters
to the Government of Nepal, JICA and Japan Embassy in Nepal, for the coordination and
consultation required.

Project Implementation Set-up

In order to smoothly carry out the detailed design and subsequent construction supervision,
the Consultant will organise a project implementation set-up with those persons, mainly
consisting of those who have participated in the basic design study, having an adequate
knowledge of Japan’s grant aid scheme.
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1) Preparation of Detailed Design and Tender Documents and Assistance in the Tender

The persons to be involved in the preparation of detailed design and tender documents and
for assistance in the tender, with their respective roles, are as below.

- Project manager: overall supervision of detailed design and the tender

- Electrical engineer: detailed design of power receiving and transforming
equipment and electrical instalation in the water
treatment plant

- Mechanical engineer: detailed design of water treatment equi pment

- Plumbing engineer: detailed design of conveyance pipes, transmission/
distribution pipes and auxiliary equipment to the pipeline

- Civil engineer: planning of foundation for structures and detailed design
of intake facilities and structures

- Cost estimator: estimation of prospective bidding prices of construction
work

- Tender coordinator: pre-qualification, preparation of construction agreement

and assistance in the tender
2) Construction Supervision

The Consultant will dispatch a water service engineer having the precedent experience of
grant-aid projects in Nepal as a resident engineer. The Consultant will also dispatch a
project manager and specialist engineers at crucia stages of project implementation, to
coordinate as well as to supervise the work. The engineers to be dispatched at such
crucial stages are as below.

- Project manager: coordination and technical control to ensure the smooth
progress of construction work

- Resident engineer: daily project management and schedule control

- Civil engineer: inspection, control and guidance regarding the

construction of structures, including testing of the
banking materials and concrete aggregates and testing of
the quality, mixture and strength of concrete

- Electrical engineer: inspection, control and guidance regarding power
receiving and transforming equipment and installation of
electrical equipment in the water treatment plant

- Plumbing engineer: inspection, control and guidance regarding the
installation of conveyance pipes, transmission/
digribution pipes and auxiliary equipment for the
pipeline
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2-2-4-5 Quality Control Plan

In reference to facilities construction, the Consultant will direct the Contractor to conduct
analyses and tests for the following items, the results of which shall be reflected in the
guality control:

Table2.2.13 Analysisand Testing for Quality Control

Classification of Work

Test Item

Test Frequency

Note

1. Concrete Work
(1) Test Mixing

(2) Cadting at Site

Grain size analysis of
fine aggregates
Grain size analysis of
coarse aggregates

Chlorineion
concentration test

Compressive stress test

Slump test

Chlorineion
concentration test

Once in the mixing.

-do-

-do-

-do-

Oncefor 50 m°.
Oncein 2 weeks.

With simplified method

7 days- and 28 days-
stress

With simplified method

Compressive stress test Once for 50 m®. 7days- and 28 days-stress

2. Reinforcing Bar Tensile stress test Oncefor 50t

Fabrication Work

3. Earth Work

(1) Standard Test Compaction test Once for 5,000 m°. Towards filling materials
Grain size examination -do- -do-
Specific gravity test of -do- -do-
the grain

(2) Daily Test Water content test Once in the compaction. -do-
Consolidation test at site -do- With sand replacement

method
(3) Others Plain-board loading test | Once by major facility.

4. Plumbing Work

Water pressure test

After plumbing work
completed, oncein the
section of astop valve.

Towards the mgjor equipment such as generators and control panels, and large-diameter
VU pipe, to which a special order will be given in the procurement from Japan, an
inspection and tests shall be conducted at site, to confirm the quality and functions in
advance. In case other general-purpose materias and equipment, the quality shall be
confirmed by making the Contractor submit the test-result table conducted by
manufactures, etc. or the mill sheet, as the case may be.
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2-2-4-6 Procurement Plan

The main construction materials to be used in the Project are cement, reinforcing bars,
ductile cast iron pipes, hard vinyl chloride pipes and asphalt, etc. The planned
procurement of these materials is outlined below, taking their quality and ease or difficulty
of procurement into consideration.

1) Portland Cement

There are two cement factories (at Hetauda and Udaipur Garhi) in Nepal. Although the
guality of cement is not problematic, a stable supply is questionable because of frequent
strike actions in the recent years. The cement made in India will be used, due to its
guality and ease of procurement in Nepal.

2) Reinforcing Bars

There are more than 10 rolling millsin Nepal. No problematic points are observed in size,
quality and quantity; the reinforcing bars will, therefore, be procured in Nepal.

3) Secondary Concrete Products

Secondary concrete products such as Hume concrete pipes and perforated concrete blocks
are produced in Nepal. However, in view of questionable quality, procurable quantity
and delivery reliability, these shall be produced on site by the Contractor.

4)  Asphalt

Asphalt is not produced in Nepal.  Asphalt products of India have the favourable quality,
possible to be procured in Nepal; therefore to be used.

5) Ductile Cast Iron Pipes and PV C Pipes

While these pipes are not manufactured locally, pipes made in India can be procured in
Nepal. However, only available are socket-type (T-shape) ductile cast iron pipes and
PVC pipes of small diameter. From the viewpoint of reliable quality, quantity and
delivery, these pipes shall be procured in Japan.

6) Construction Machinery

Even though the construction machinery leasing market in Nepal is not yet fully devel oped,
general-purpose construction machinery can be leased locally. Construction machinery
will, therefore, be leased locally wherever possible.  If required, leasing from India shall
be considered.
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Table2.2.14 Procurement of Materials and Equipment

Materials and Equipment Nepal Japan Third Country
Cement O
Reinforcing Bars (0]
Secondary Concrete Products (0]
Asphalt (0]
Ductile Cast Iron Pipes ®)
PV C Pipes ©)
Construction Machinery (Leasing) (6] (0]

2-2-4-7 Implementation Schedule

D

Implementation Schedule

The implementation schedule of the Project, after signing of E/N between the
Governments of Nepal and Japan, is as under.

After signing of E/N, the Nepalese side (NWSC) will immediately conclude a consultancy
agreement to prompt the commencement of the detailed design work by the Consultant
who will then conduct the necessary study, including a field survey, to prepare the detailed
design documents. The Consultant will also provide assistance in the tender organised by
the Government of Nepal, and will conduct a series of tender-related work, ranging from
pre-qualification of construction companies in the bidding to selection of a successful
bidder.

When the successful bidder has been selected, a construction agreement will be concluded
between the successful bidder (the Contractor) and NWSC, after negotiation. The
Contractor will commence the work upon the receipt of a notice to commencement of
work issued by the Consultant.

The Project will be implemented in two phases, as described below, taking into
consideration (i) conditions of work, including the type and scale of the planned facilities,
construction cost and climate (dry and rainy seasons) and (ii) requirements in the grant aid
scheme of the Government of Japan.

1) Phasel

- Scope of work: detailed design and construction of the planned intake
and water treatment facilities in the Manohara Project
- Detailed design period: 6 months

- Construction period: 9.5 months
2) Phase?2
- Scope of work: detailed design and construction of the planned

transmission/distribution  facilities in the Manohara
Project and Shaibhu Project.

- Detailed design period: 6 months

- Construction period: 12 months
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(2) Project Implementation Schedule

The implementation schedule of the Project, with due consideration of the items above, is
shown in Table 2.2.3.

Table2.2.15 Project Implementation Schedule

1 2 3 4 5 6 7 8 9 10 11 12
.g, O Field slurveyD
g |D Work in JapanO
3 |
= 0 Approval of Tender Documentsl]
9] |
[a)] 0 P/IQ, Tender
—
% O Temporary Work
N ™) | |
0|5 | |0 water Intaken
= I I |
5 : : | Pllumbing \Il\/orkD
3]
= [ | (civil work)
B [ | | | | | |
8 (Water Treatment Equipment[] |
| | | | | | |
(Electrical Equipment Work) | |
|
|
.g, 0 Field slurveyD
g | O Work in JapanD
1
% 0 Approval of Tender Documentsl]
o] |
[a) 0O P/IQ, TenderO
o~
_g ~ 0 Temporary Work
ol|s 1 |
= | | (civil work)
S [ | | | | | | I
g 0 Plumbing WorkD| |
2 I I | I
B (Water Treatment Equipment]
S | | 1 I I
© (Electrical Equipment Work)
| | | | I
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2-3 Obligations of the Recipient Country

In the implementation of the Project, the Nepalese side will be responsible for the
following:

1) Implementation of the EIA study and completion of the necessary procedures
required in the implementation of the Project.

2) Acquisition of land at the sites for the construction of the following facilities:

Facility Areafor Land Acquisition

(a) Intake facilities

- Intake well : 2,000m* (250 m?/well x 8 wells)

- Maintenance road : 1,600m* (0.8 km length x 2 m width)
(b) Water treatment plant ;13,100 m?
(c) Elevated tank

- Min Bhawan elevated tank 1,000 m?

- Singha Durbar dlevatedtank | : 1,000 m?

3) Power supply to the planned facilities

Supply of high voltage power (11 KV) to the water intake facilities and the water
treatment plant in the Manohara Proj ect.

4) Leveling and clearance of the project sites prior to commencement of the construction
work.

5) Construction of perimeter fencing and other fencing on the premises and a gate at the
Sites.

6) Improvement of distribution pipe in Bhaktapur and Madhyapur service areas.
7) Payment of banking commission for the A/P and payment to a Japanese bank.

8) Prompt customs clearance and tax exemption of the equipment and materials required
in the implementation of the Project at the port of landing.

9) Granting of the relevant visas and permits of stay in Nepal towards the Japanese
nationals involved in the Project in accordance with the contracts.

10) Exemption of the equipment and materials brought into Nepal and services provided
by the Japanese nationals in accordance with the contracts, from customs duty,
internal taxes and other levies.

11) Proper maintenance and use of the facilities and equipment provided with in the
Japanese grant aid programme.

12) Payment of all the expenses not included in the grant aid programme.
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2-4 Project Operation Plan

(1) Operation and Maintenance Practices

The following operation and maintenance practices shall be adopted to ensure an effective
functioning of the water supply system established by the Project.

1

(@
a)
b)

Manohara Project

Operation Control Items

Operation control of surface water intake
Control of water treatment plant
[Coagulation Control]

Feeding of coagulant: conducting of jar test at least once a day in response to
dteration of the water quality in order to determine the optimal feeding rate; the
optimal feeding rate shall be adjusted by the feeding pump so that an appropriate
quantity of coagulant can be fed.

Feeding of akaline agent: control of the feeding volume of the alkaline agent to
adjust the pH value of raw water to approximately 7.2.

[Flocculation and Sedimentation Basin]

Flocculation: monitoring the state of flocculation and adjusting the feeding volume of
agents based on the jar test resultsif the state of flocculation is judged unfavourable.
Sludge discharge: conducting of sludge discharge at a rate of one basin per day in
principle; the standard duration of the sludge discharge is 10 seconds at the fully
opened position and all the valves shall be opened or closed in sequence to discharge
the whole sedimented sludge.

[Rapid Sand Filtration Basin]

Backwashing: monitoring of the water level of the filtration basin; once the water
level in the filtration basin reaches the prescribed level or 2 days has passed, raw
water valve, drainage gate and surface washing valve shall be operated to conduct
backwashing in the filtration basin; the washing is conducted in the form of both
surface washing and backwashing.

Backwashing frequency: in the backwashing once in 2 days, the water level in the
sludge and drainage basin shall be monitored and the successive operation be made at
a prescribed interval. The backwashing time shall be controlled not to draw near
with each other in the different filtration basins.

Feeding of sterilising agent: control of the feeding volume of chlorine to the filtered
water so that the residual chlorine level might become approximately 1.0 mg/l.

[Clear Water Reservoir and Transmission Pump]

Water level control in the clear water reservoir: regulation of water level in the clear
water reservoir to prevent from falling below the prescribed level as the clear water
reservoir stores water for backwashing in the rapid sand filtration basin.

Operation of transmission pump: manual operation of number of pumps determined
in response to reguirements.
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(b)

[Coagulant and Alkaline Agent for Coagulation and Bleaching Powder]

Dissolution: feeding of (chemical) agents to the water-filled dissolution tank and
agitation to dissolve these agents to achieve the prescribed concentration.  In case of
bleaching powder, after mixing and setting still for a fixed duration, supernatant of
extracted solution up to 50% height shall be used. The dissolution work shall be
done during daytime in 6 hours.

Disposal of insoluble: after mixing and dissolving bleaching powder, the solution
shall be left still in a fixed duration; supernatant water is transferred to the storage
tank, and the insoluble is disposed of after drying with sludge, etc.

Storage: chemicals shall be stored in the form of solution, according to feeding
amount; the maximum feeding amount of one day shall be stored, asarule.

[Sludge and Drainage Basin|

The basin is to concentrate solid materials in the discharge water from the
sedimentation basin and the rapid sand filtration basin, and to return supernatant
water.

Receiving volume of discharge water and sludge: Before the discharging work from
the both proceeding basins, the receiving volume shall be confirmed, taking notes of
water level in the sludge and drainage basin.

Supernatant water return: After 40 minutes of settlement period, the supernatant
water shall be returned in one hour, after receiving the backwashing discharge from
the filtration basin.

Sludge discharge: The discharge water flown in shall be stored in 4 days per basin, to
concentrate the solid materials.  On the 4th day, dudge shall be sent to the dudge
drying bed.

[Sludge Drying Bed]

The dludge coming out from the center of the bed is of high fluidity, spreads over the
bed, and water and solid materias will split off. The supernatant water is drained
off from stop-log weirs (4 nos.) set at the corner of the bed, accelerating the sludge
drying-up. The dried dudge shall be manually disposed of according to the drying
condition however, in principle, after 4 months elapsed.

Distribution Facilities

Water level control
Water distribution control

Maintenance ltems

Typical daily maintenance items at the facilities in the Project are as below.

a)

Intake Facility
[Intake Well]

Measurement of water level

Water pump: electric current and voltage values
Flow meter

Water pressure meter
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b)

Water Treatment Plant
[Coagulation Control]

Coagulant feeding equipment: value of ammeter; delivery pressure; liquid level in the
storage tank; leakage from the pipe

Alkaline agent feeding equipment: value of ammeter; delivery pressure; liquid level
in the storage tank; leakage from the pipe

[Coagulation Basin]

Flocculation: state of coagulation in the flocculation basin; state of floc settling
Sludge discharge valve, etc.: daily sludge discharge; |eakage from the pipe or valve
Floor drainage pump: unusual sound; vibration; state of lubrication; value of ammeter

[Rapid Sand Filtration Basin]

Oxidising agent feeding equipment: value of ammeter; delivery pressure; liquid level
in the storage tank; leakage from the pipe

Washing valves: |eakage

Sterilising agent feeding equipment: value of ammeter; delivery pressure; liquid level
in the storage tank; leakage from the pipe

Make-up water pump: unusual noise; vibration; state of lubrication; value of ammeter
Surface wash pump: unusual noise; vibration; state of [ubrication; value of ammeter

[Clear Water Reservoir and Transmission Pump]

Transmission pump: unusual noise; vibration; state of lubrication; value of ammeter
Floor drainage pump: unusual noise; vibration; state of lubrication; value of ammeter
Water supply pump: unusual noise; vibration; state of lubrication; value of ammeter
Water level gauge: state of pointer operation

[Dissolution and Storage of Coagulant and Alkaline Agent for Coagulation and
Bleaching Powder]

Dissolution tank-cum-agitator: unusua noise; vibration; state of lubrication; value of
ammeter; leakage from the piping for the tank

Transfer pump: unusual noise; vibration; state of lubrication; delivery pressure; value
of ammeter

[Sludge and Drainage Basin|

Discharge water return pump: unusual sound, vibration, state of lubrication, ammeter
Sludge transfer pump: unusual sound, vibration, state of [ubrication, ammeter

[Sludge Drying Bed]

Supernatant of sludge inflow
Adjustment of stop-log weirs for water draining-off
Management of dried sludge disposal
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Electrical Equipment
[Power Receiving and Transforming Equipment]

Monitoring of the state of operation (sound; vibration; over-heating; offensive odour;
breakdown of instruments and indicator lamps)

Monitoring of the measuring operation of and recording by the voltmeter, ammeter
and watt-hour meter

[Trunk Power System and Distribution Panel]

Monitoring of the state of operation (sound; vibration; over-heating; offensive odour;
breakdown of instruments and indicator lamps)

Monitoring of the measuring operation of the ammeter and inspection of the panel
interior

[Lighting Equipment]
Inspection of the external appearance; lighting conditions; replacement of lamps

[Water Quality Monitoring Equipment]
Residual chlorine meter: zero point adjustment (as required); daily adjustment of the
span (approximately every three months)

[Water Flow Gauge]
State of pointer operation; leakage from the joints

Distribution Facilities

Water level gauge: state of pointer operation

Water supply pump: unusua noise; vibration; state of lubrication; electric current and
voltage values

Valves: leakage from the joints

- 106 -



2)

(@

b)

(b)

Shaibhu Project

Operation Contral Items
Chemicals Control
[Feeding of Sterilising Agent]

Control of feeding volume of chlorine to the distributed water so that the residua
chlorine level might be approximately 1.0 mg/I.

[Bleaching Powder]

Dissolution: feeding of bleaching powder to the water-filled dissolution tank and
agitation to dissolve it to achieve the prescribed concentration. After mixing and
setting still for a fixed duration, supernatant of extracted solution up to 50% height
shall beused. The dissolution work shall be done during daytime in 6 hours.
Disposal of insoluble: after mixing and dissolving bleaching powder, the solution
shall be left still in a fixed duration; supernatant water is transferred to the storage
tank, and the insoluble is disposed of after drying.

Storage: chemicals shall be stored in the form of solution, according to feeding
amount; the maximum feeding amount of one day shall be stored, asarule.

Distribution Facilities

Water level control
Water distribution control

Maintenance ltems

Major daily maintenance items at the facilitiesin the Project are as below.

a)

b)

Sterilisation Facilities
[Dissolution and Storage of Bleaching Powder]

Dissolution tank-cum-agitator: unusual noise; vibration; state of lubrication; electric
current and voltage values; leakage from pipes of the tank

Transfer pump: unusua noise; vibration; state of lubrication; delivery pressure;
electric current and voltage values

Electrical Equipment

Power Receiving and Transforming Equipment (Existing)

[Trunk Power System]

Monitoring of the state of operation (sound; vibration; over-heating; offensive odour;
breakdown of instruments and indicating lamps)

Monitoring of the measuring operation of the ammeter and inspection of the
distribution panel interior

[Lighting Equipment]

Inspection of the external appearance; state of lighting; replacement of lamps
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[Water Flow Gauge]

- Monitoring of the state of pointer operation and leakage from the joints

c) Distribution Facilities

- Water level gauge: state of pointer operation

- Water supply pump: unusual noise; vibration; state of lubrication; electric current and
voltage values

- Valves: leakage from the joints

(2) Operation and Maintenance Organisation

In order to properly carry out the operation and maintenance work described in (1) above,
the organisation shown in Fig. 4.1 for the Manohara Project and Fig. 4.2 for the Shaibhu
Project shall be set up.

The efficient operation and maintenance of water supply facilities require not only an
adequate organisation but also an appropriate deployment of the personnel. It isdesirable
that the operation and maintenance staff be well experienced in their expertice.  However,
number of experienced engineers is currently limited in Nepal, and there is a possibility
that operation and maintenance might be hampered owing to the shortage of personnel.
Such a probability calls for training of engineers/technicians, as an urgent need of NWSC.

The envisaged operation and maintenance staff force is 59 persons in the Manohara Project,
and 20 persons in the Shaibhu Project; totalling 79 persons. The beneficiaries of the
Project being 427,000, number of staff per 1,000 beneficiariesis 0.19. Number of stuff per
1,000 service population is 0.22 in the Manchara Project which requires maintenance of
water treatment plant. The manpower manning might be considered as adequate, if
compared to that of the similar scale water treatment plant in the neighboring Bangladesh
(0.38 per 1,000 service population).
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Fig. 2.4.1  Operation and Maintenance Organisation for Manohara Proj ect

—1 Inteke —|: Intake : Asst. Chief (1), Eng. (2), Tech. (5)
Wells : Tech. (4)
Pant Water
Manager (1) Trestment Adminigratior : Asst. Chief (1), Asst. Officer (2)
—— Water Quality : Chief (1), Tech. (2)

— Operation : Chief (1), Asst. Chief (2)
F/Sbadn, R/SFilter, etc. : Eng. (1), Tech. (3)
Chemicd Feeding : Eng. (2), Tech. (2)
Dissolution of Agent : Eng. (1), Tech. (1)
— Maintenance : Chief (1)
Civil : Eng. (1), Tech. (1)
Mechanical : Eng. (1), Tech. (1)
Electrica : Eng. (1), Tech. (1)

: Coolie (8)

L IDistribution . Asst. Chief (1), Eng. (1), Tech. (1)

: Coolie : (4)

: Watchman : (6)

Note: () : Thefiguresin brackets indicate the required number of staff.
Asst. : Assigtant
Eng. : Engineer
Tech. : Technician
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Fig. 2.4.2  Operation and Maintenance Organisation for Shaibhu Project

Water
[ | Treatment

Administratior : Officer (1), Asst. Officer (1)

— Water Quality : Eng. (1)
— Operation : Chief (1)

': Chemical Feeding  : Tech. (1)
Plant Manager Dissolution of Agents : Eng. (1), Tech. (1)

@

— Maintenance : Asst. Chief (1)

': Civil  : Tech. (1)
Mechanical/Electrical : Eng. (1), Tech. (1)

—— Distribution : Asst. Chief (1), Tech. (1)

: Coolie (2)

: Watchman (4)

Note: () : Thefigures in brackets indicate the required number of staff.
Asst.  : Assistant
Eng. : Engineer
Tech. : Technician

-110-



(3) Operation and Maintenance Cost

The annual operation and maintenance cost of the facilities to be constructed in the Project
is estimated as under.

1) ManoharaProject NRs. 1,000/year
- Personnel Cost 4,337
- Administration Cost 217
- Fuel Cost 300
- Equipment Inspection and Maintenance Cost 16,917
- Water Treatment Chemical Cost 5,629
- Electricity Cost 11,444
- Facility Maintenance Cost 1,010
- Disgtribution Cost 775
- Tariff Collection Cost 1,559
Sub-Total 42,188

2)  Shaibhu Project

- Personnel Cost 1,602
- Administration Cost 80
- Fuel Cost 180
- Equipment Inspection and Maintenance Cost 728
- Water Treatment Chemical Cost 2,415
- Electricity Cost 102
- Facility Maintenance Cost 399
- Distribution Cost 917
- Tariff Collection Cost 1,845

Sub-Total 8,268
Total 50,456
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Chapter 3  Project Evaluation and Recommendations

3-1 Project Effects

(D

The direct-benefited area and population in the Manohara Project and the Shaibhu Project,
both making up the Project, areasin Table 3.1.1.

Table3.1.1 Target Areaand Beneficiary Population

Beneficiary *
Project Direct-benefited Area Population Note
(thousand)
Southeast of Katmandu 222.4
Manohara Project Madhyapur 197
West of Bhaktapur 24.4
Sub-total 266.5
Shaibhu Project Lalitpur 160.1
Total (The Project) 4266

Note *1: Estimated service population in the year 2006.
*2: Corresponding to almost 42% of the total service population in the urban area.

In addition, as the above areas will be supplied water with Project facilities, the supply
amount hitherto supplied to these areas with the existing facilities might be applied to other
service areas. Consequently, water supply situation in the whole urban areas will be
equally improved, and the benefiting effects of the Project would reach to the whole urban
population of 1,007,000 in the Kathmandu Valley.

Directly, the effects as delineated below might be expected with the implementation of the
Project.

Augmentation of Supply Capacity in the Target Area

Through constructing the supply facilities in the Project, supply capacity will be
augmented to 133,700 m*day from the current 113,100 m*/day (augmentation: 20,600
m’/day).

Table3.1.2 Supply Capacity
(Unit: 1,000 m*/day)

. Before Implementation After Implementation
Service Area
(2000) (2006)
Katmandu 74.0 90.8
Bhaktapur 11.1* 12.8
Lalitpur 28.0 30.1
Total (Whole Area) 1131 133.7

Remark: *: Of the current supply capacity, 4,200 m*/day is for not-good quality groundwater.
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Improvement of Leakage Ratio inthe Target Area

Through constructing elevated tanks and installing the distribution main, the service areas
will be sub-divided and an even pressure distribution and reduced average pressure level
be effected. In consequence, the leakage ratio will be reduced to 32.8% from the current
43.5% (improvement: 10.7%).

Table3.1.3 Leakage Ratio

. Before Implementation After Implementation
Service Area
(2000) (2006)
Kathmandu 39.7% 28.9%
Bhaktapur 43.2% 36.7%
Lalitpur 53.6% 42.9%
Total (Whole Area) 43.5% 32.8%

Increased Per Capita Consumption in the Target Area

Through supply capacity augmentation and leakage reduction, effective supply amount
will be enhanced with 25,900 m*day. Per capita consumption for domestic use will be
increased to 65.5 litre/capita/day from the current 46.6 litre/capita/day (increment: 18.9
litre/capita/day).

Table3.1.4 Effective Supply Amount and Domestic Per Capita Consumption

Before Implementation (2000) After Implementation (2006)
] Effective Domestic Per Effective Domestic Per
Service Area Supply Capita Supply Capita
Amount Consumption Amount Consumption
(mid) (Icd) (mid) (Icd)
Kathmandu 44.6 454 64.5 65.7
Bhaktapur 6.3 50.7 8.1 65.2
Lalitpur 13.0 49.1 17.2 64.9
Total (Whole Area) 63.9 46.6 89.8 65.5

(4) Elimination of Affections Associated with Water Quality in the Target Area

At the moment, of the direct-benefited area of the Manohara Project, Madhyapur and west
of Bhaktapur are served with untreated groundwater containing a high concentration of
iron or ammonium nitrogen. The residents have been suffered from affections associated

with water quality.

After Project implemented, these areas will be supplied safe and hygienic water from
Manoharawater treatment plant where raw water will be taken from Manoharariver. The
affections associated with water quality of approximately 45,000 residents (for beneficiary
population, refer to Table 3.1.1) will be eliminated.
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The indirect effects of the Project might be envisioned: through quantitative as well as
gualitative improvement of water supply services and securing evenness of service level,
satisfaction degree of the residents will be raised towards NWSC waterworks undertaking,
thereby contributing to obtaining their cooperation and understandings in the promotion of
waterworks facilities provision to come or in the smooth undertaking of waterworks (such
asin water tariff lifting-up).

Recommendations

For the Project effects turning up and keeping on, the below enumerated actions shall be
taken by the Government of Nepal, besides the programmed activities and inputs in the
Project.

Manning of Operation and Maintenance Personnel

So as to attain the Project Objective, the constructed water supply facilities shall be
precisely managed in operation, and their functions be displayed just as planned. For this
purpose, not only NWSC shall streamline its organisational structure but the adequate
personnel shall be manned in accordance with the requirements in operation and
mai ntenance.

Table3.2.1 Personnel for Operation and Maintenance

Advisable
Project Number of Major Items in Operation and Maintenance Note
Personnel
- Management of water intake (intake wells, pump) New construction
- Control of water treatment (coagulation-sedimentation,
Manohara 59 rapid sand filtration, chemical s dissolving and feeding)
Project - Control of water transmission/distribution
- Facility maintenance (civil engineering work,
mechanical work, electrical equipment)
- Chemicals dissolving and feeding control (sterilising | Augmentation of the
. agent) existing system
Shal_bhu 20 - Control of water distribution
Project . . L . .
- Facility maintenance (civil engineering work,
mechanical work, electrical equipment)
Total
(The Project) &

Additionally, at the moment, operation and management of the waterworks undertaking in
the Kathmandu Valley is ready to be entrusted to the private operator; however, even after
the entrustment brought to effect, the above-mentioned staff force and manpower quality
of operation and maintenance personnel shall be appropriately maintained.

Procurement of Spare-parts, etc.

In the Project, the water treatment system made in Japan will be introduced, in view of
simplicity as well as durability. Towards these foreign-made equipment, the following
measures would be desirable:
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(@ NWSC had already laid down the rules and regulation on procurement of spare-parts,
etc., in which the required procedures also being established. An application of
these to apractical case shall be certainly made.

(b) In order to smoothly undertake repair or replacement for maintenance, a system is
desired in which capable and experienced private contractors be registered as the
registered contractors and the work be contracted out to them with the predetermined
unit price.

Continuation of Water Supply with the Existing Facilities
The supply capacity after Project implementation is assuming that the existing water

supply facilities continue their operation. It is required for the existing facilities to be
appropriately managed in operation and maintenance as well.
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Member List of the Study Team

Study Team member with the duration is shown in the table below.

(1) Site Survey
No Name Assignment Organisation Duration
Japan International Cooperation
. Agency
1 |Eiichiro CHO Team Leader Nov. 6 to Nov. 15, 2000

First Project Management Div.
Grant Aid Management Dept.

2 | Hidetaka AOKI

Project Coordinator

Japan International Cooperation
Agency

First Project Management Div.
Grant Aid Management Dept.

Nov

. 6 to Nov. 16, 2000

5 ElaAZ#gb oA Facilities Designer 1 Jcag",’"lt'fjr.‘%%egmg Consultants |\, 6 to Dec. 20, 2000
6 Qw“A'OKE Facilities Designer 2 Jcag",’"lt'fjr.‘%%egmg Consultants |\, 6 to Dec. 15, 2000
7 Hﬁ_ogﬂ Civil Work Planner Nippon Koel Co., Ltd. (NK) Nov. 6 to Dec. 15, 2000
o |wente o an | st [, 11020 20

(2) Draft Report Explanation

No Name

Assignment

Organisation

Duration

1 |Eiichiro CHO

Team Leader

Japan International Cooperation
Agency

First Project Management Div.
Grant Aid Management Dept.

July 29 to Aug. 5, 2001

Munetaka Project Manager/ Japan Engineering Consultants

2 | MORIO Waterworks Planner Co., Ltd. (JEC) July 29 to Aug. 9, 2001
Kazumi - . Japan Engineering Consultants

3 MATSUDA Facilities Designer 1 Co., Ltd. (JEC) July .29 to Aug. 9, 2001
Michihiko Procurement Planner/ Japan Engineering Consultants

4 | TAWARAYA | Cost Estimator Co., Ltd. (JEC) July 29 to Aug. 9, 2001
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Study Schedule

(1) Site Study in Nepal: November 6 to December 20, 2000 (45 days)

No. Month/Day Schedule Contents
1 Nov.6 Mon | Naritato Bangkok (TG641)
(7 members except Tawaraya)
2 7 Tue Bangkok to Kathmandu (TG319) Briefing and discussion with JICA Nepal
Office and Japan Embassy
3 8 Wed | Site Survey Site study of the existing facilitiesin the
Manohara Project and Bansbari WTP.
4 9 Thur | Courtesy Visitto MPPW
Courtesy Visit to NWSC
5 10 Fri Discussion with NWSC
6 11 Ssat Site Survey Site study of the existing facilitiesin the
Shaibhu Project and Mahankal Cahur WTP
7 12 Sun Internal Meeting Analysis of survey results
8 13 Mon | Discussion with NWSC on the Minutes | Site study of the existing wells
9 14 Tue Signing of M/D Report to Japan Embassy and J CA Nepal
Office
10 15 Wed | Kathmandu to Bangkok (TG320) Site study of Bhaktapur WTP and the environs
(Mr. Cho and Mr. Aokild
16 Thur | Bangkok to Narita (TG640) Survey on:
11 (Ditto) * Water demand, supply amount and
Natitato Bangkok (TG641) consumption
(Mr. Tawaraya) « Capacity of the existing intake facilities,
1o | Nov.17 Fri | Bangkok to Kathmandu (TG319) ¥\£i||ist’igater treatment plants and service
to | Dec 1tg Wed (Ditto) ¢ Current Operation and Maintenance
’  Situation of the existing supply lines
38 e Tariff system, financial situation and
organisation
39 14 Thur | Kathmandu to Bangkok (TG320) « Progress on the Melamchi Project and other
(Mr. Hosaka, Miyake and Naito) related projects
40 15 Fri Bangkok to Narita (TG640) * Power supply
(Ditto) « Contractorsin Nepal, ability of supplying
16 Sat Analysis of data collected ItggonJ?‘teregals equipment and mechines and
41 1t$ ~ Report writing ¢ Land for temporary work and facilities for
to n temporary supply of electricity
¢ Lawsand regulations for construction work
42  Topographic survey, geotechnical site
survey and water quality
18 Mon | Report and discussion with NWSC
3 Report to Japan Embassy
Report to JICA Nepal Office
(by Morio, Matsuda and Tawaraya)
44 19 Tue Kathmandu to Bangkok (TG320)
45 20 Wed | Bangkok to Narita (TG640)
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(2) Draft Report Explanation in Nepal: July 29 to August 9, 2001 (12 days)

No. Month/Day Schedule Content
1 July 29 Naritato Bangkok (TG641)
2 30 Bangkok to Kathmandu (TG319) Meeting at JJCA Kathmandu Office
3 3 Courtesy Visit to MPPW
Visit to NWSC Explanation of the Draft Report
4 | August 1 Visit to NWSC Discussion on the Draft Report
Visit to Melamchi Board Hearing on the Project Progess
5 2 Discussion with NWSC, Site Survey on the Minutes of discussion (M/D)
6 3 Visit to MPPW Signing of the M/D
- 4 Kathmandu to Tokyo (Mr. Chold
Site Survey Manohara site
8 5 Internal Meeting
9 6 NWSC, JCA Office
10 7 NWSC, Japan Embassy Report
11 8 Kathmandu to Bangkok (TG320)
12 9 Bangkok to Tokyo

A-4




Appendix 3

List of Parties Concerned in the Recipient Country



List of Parties Concerned in the Recipient Country

O Site Study in Nov.20000

100 Embassy of Japan
Y oshiyuki TOY OGUCHI Second Secretary

200 Nepal Office of Japan International Cooperation Agency

Ken HASEGAWA Resident Representative
Tetsuo YABE Deputy Resident Representative
Kazuhisa ARAI Resident Officer

30 Ministry of Physical Planning and Works
Mr. Hiranya La Regmi Secretary
Mr. Dhruva Bd. Shrestha Joint Secretary

400 Nepal Water Supply Corporation
Mr. Kaushal Nath Bhattarai General Manager

Mr. N.M. Pradhan Senior Deputy General Manager
Mr. Noor Kumar Tamrakar Deputy General Manager

Mr. Tilak Mohan Bhandri Assistant Manager

Mr. Sumil Dhoj Joshi Deputy Manager

50 Nepal Electricity Authority, Thimi Branch
Mr. Laxmi Bhakta Silpakar Chief Engineer
Mr. Jagadish SharmaPoudel  Assistant Engineer

60 Nippon Koei Co., Ltd.

Mr. Y oshihiro Nabeta Team Leader of Management Consultant:
for Melamchi Project
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O Draft Report Explanation in July 2001

100 Embassy of Japan
Y oshiyuki TOY OGUCHI

Second Secretary

20 Nepal Office of Japan International Cooperation Agency

Eitaro MITOMA

Tetsuo YABE

Katsuzi MIYATA

Mr. Sourab Bickram Rane

Resident Representative

Deputy Resident Representative
Resident Officer

Local Officer

30 Ministry of Physical Planning and Works

Mr. Dinesh C Pyakural
Mr. Shree Ram Shrestha
Mr. Sohan Sundar Shresta

400 Nepal Water Supply Corporation
Mr. Kaushal Nath Bhattarai

Mr. N.M. Pradhan

Mr. Mukunda Nanda Baidya
Mr. Madan Shankar Shrestha
Mr. Madav Narayan Shrestha
Mr. Tilak Mohan Bhandri
Mr. Sumil Dhoj Joshi

Mr. Suriya Bhakta Shrestha

Secretary
Joint Secretary
Joint Secretary

General Manager

Senior Deputy General Manager
Deputy General Manager
Manager

Assistant Manager

Assistant Manager

Deputy Manager

Deputy Manager
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MINUTES OF DISCUSSIONS

THE BASIC DESIGN STUDY
ON
THE PROJECT
FOR
IMPROVEMENT OF KATHMANDU WATER SUPPLY FACILITIES
IN
THE KINGDOM OF NEPAL

Based on the results of the Preparatory Study, the Government of Japan
decided to conduct a Basic Design Study on the Project for Improvement of Kathmandu
Water Supply Facilities (hereinafter referred to as “the Project”) and entrusted the study
to Japan International Cooperation Agency (hereinafter referred to as “JICA”).

JICA sent to the Kingdom of Nepal (hereinafter referred to as “Nepal”) the
Basic Design Study Team (hereinafter referred to as “the Team™), which is headed by
Mr. Eiichiro Cho, Deputy Director, Grant Aid Management Department, JICA, and is
scheduled to stay in the country from November 7, 2000 to December 19, 2000.

The Team held discussions with the officials concerned of the Government of
Nepal and conducted a field survey at the study area.

In the course of discussions and field survey, both parties confirmed the main
items described on the attached sheets. The Team will proceed to further study and
prepare the Basic Design Study Report.

Kathmandu, 14th November 2000

O e AU v

Eiichiro CHO ' Dhruva Bd. Shrestha
Leader Joint Secretary
Basic Design Study Team Water Supply and Sanitation Division

Japan International Cooperation Agency Ministry of Physical Planning and
Works

Kalr¥hal NastrBhattarai

General Manager
Nepal Water Supply Corporation




ATTACHMENT

Objective of the Project

The objective of the Project is to improve water supply situation in Kathmandu,
Lalitpur and Bhaktapur municipalities in order to promote public health and to
secure a stable living of inhabitants through the implementation of the Project.

Project Site

The sites of the Project are Manohara and Shaibhu areas in the Kathmardu valley

(see map in Annex-I).

Responsible and Implementation Agency

The Responsible Agency is the Ministry of Physical Planning and Works (MPPW)
and the Implementation Agency is Nepal Water Supply Corporation (NWSC).

Items Requested by the Government of Nepal

After discussions with the Team, the sites and the components described in
Annex-II were finally requested by the Nepalese side. However, both sides
agreed that the final components of the Project will be determined by the Japanese
side after further studies in Nepal and Japan.

Japan’s Granlt Aid System
The Nepalese side understands the Japan’s Grant Aid Scheme and the necessary

measures to be taken by the Government of Nepal as explained by the Team and
described in Annex-III and Annex-IV.

Schedule of the Study

1)  The consultants will proceed to further studies in Nepal until December 19,
2000.

2)  JICA will prepare the draft final feport in English and dispatch a mission in
order to explain its contents in February 2001.

3) In case that the contents of the report are accepted in principle by the
Government of Nepal, JICA will complete the final report and send it to the

Government of Nepal by May 2001.
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Other Relevant Issues

1)

2)

3)

4)

5)

6)

7)
8)

The Nepalese side strongly requested the Team early implementation of the

Project.

Both sides confirmed again that Melamchi project took into consideration of
additional water supply capacity by the implementation of the Project. It
was also felt that the project would greatly relieve the acute shortage of
water to be increasingly faced during the 6 years implementation period of

Melamchi project.

Both sides agreed that the target year will be around 2005, a few years after
the completion of the Project. However, the exact target year will be
determined accordingly after detailed study in Japan.

The Nepalese side understood that the components, sizes, dimensions and
locations of the requested facilities will be reviewed based on the field
survey in Nepal and further study in Japan with aim to achieve maximum
output with available resources.

The specific points are as follows;

a) the alternative locations for both project sites,

b) the type of chemical dosing and disinfection system,

c) the size of facilities after estimation of water demand.

The Team explained that problems on operation and maintenance of the
existing facilities constructed by Japanese Grant Aid shall be reflected in the
design for the Project so that the situation does not occur again.

Both sides agreed that the areas which will be directly benefited are
southeast of Kathmandu, Madhyapur and the west of Bhaktapur by
Manohara project, and Lalitpur by Shaibhu project.. And the other water
supply service area of NWSC will be indirectly benefited, where water
supply of the existing system will be more effective by the implementation

of the Project.
The water quality standard of the Project will be as per the WHO guideline.

The Nepalese side explained the progress of the Melamchi project as
follows;

The Government Mission has already dispatched to Manila for loan
negotiation with ADB Headquarter from November 13, 2000.

According to the tentative schedule, full operation of Melamchi project is
scheduled to start in the middle of 2006.

2 QA
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9)

10)

11)

The Nepalese side explained the progress of the Management Contract for
water supply facilities in Kathmandu assisted by the World Bank as follows;
Private Operator is scheduled to start in September 2001.

After the completion of the Project, Private Operator shall operate and
maintain the facilities in Manohara and Shaibhu as well as the existing
facilities in Bansbari and Maharnkal Chaur.

But, Private Operator dog§ not aim at full privatization and it will be
regulated by an independent body of the government.

Management policy shall be decided by the operator but ownership of the
facilities shall remain to NWSC as per the Nepalese law.

The Nepalese side will be responsible to coordinate the Project and the
Melamchi project for their consistency between the respective project.

The Team will show the map of the Project sites for land acquisition needed
for the implementation of the Project in February 2001. In accordance
with the map, the Government of Nepal will complete land acquisition and
compensation for property before the commencement of the Project.

P
g
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Annex-I1

Items Requested by the Nepalese side

1.  Manohara project

a)

b)

d)

Construction of an infiltration gallery type water intake on the Manohara

river,

Construction of a raw water conveyance facility from the water intake to the
water treatment plant with a capacity of 23,000m*/day.

Construction of a water treatment plant with a treatment capacity of

23,000m’/day.

- Bio-filter: Capacity 8,000m’/day

- Flocculation basin: Vertical-baffling type

- Sedimentation basin: Latitudinal-flow type

- Sludge removal facilities: Hopper type

- Rapid sand filter: Self-washing type

- Chemical feeding equipment. Coagulant (alum), Alkali (lime)

- Disinfection equipment: Bleaching powder, Sodium hypochlorite

Construction of a service reservoir with a capacity of 3,000m’.

Installation of a new distribution main with a diameter of 350mm and a
length.of 7,500m from the new reservoir to Kathmandu city.

2. Shaibhu project

a)
b)

c)

d)

Construction of a new service reservoir with a capacity of 4,500m3 .

Installation of a new distribution main with a diameter of 350mm and a
length of 3,500m from the new reservoir to Lalitpur city.

Provision of disinfection equipment for bleaching powder and sodium

hypochlorite.

Provision of equipment and instruments for monitoring water quality.

A-2
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Annex-II1

L.

Japan’s Grant Aid Scheme

Grant Aid Procedures

)

)

Japan’s Grant Aid Program is executed through the following procedures.

Application (Request made by a recipient country)

Study (Basic Design Study conducted by JICA)

Appraisal & Approval ~ (Appraisal by the Government of Japan and
Approval by Cabinet)

Determination of (The Notes exchanged between the Governments of

Implementation Japan and the recipient country)

Firstly, the application or request for a Grant Aid project submitted by a
recipient country is examined by the Government of Japan (the Ministry of
Foreign Affairs) to determine whether or not it is eligible for Grant Aid. If
the request is deemed appropriate, the Government of Japan assigns JICA
(Japan International Cooperation Agency) to conduct a study on the request.

Secondly, JICA conducts the study (Basic Design Study), using (a) Japanese
consulting firm(s).

Thirdly, the Government of Japan appraises the project to see whether or not it
is suitable for Japan’s Grant Aid Program, based on the Basic Design Study
report prepared by JICA, and the results are then submitted to the Cabinet for

approval.

Fourthly, the project, once approved by the Cabinet, becomes official with the
Exchange of Notes signed by the Governments of Japan and the recipient

country.

Finally, for the implementation of ‘the project, JICA assists the recipient
country in such matters as preparing tenders, contracts and so on.



2.

Basic Design Study

(1) Contents of the Study

)

The aim of the Basic Design Study (hereinafter referred to as “the Study”),
conducted by JICA on a requested project (hereinafter referred to as “the
Project”) is to provide a basic ‘document necessary for the appraisal of the
Project by the Japanese Government. The contents of the Study are as

follows:

1) Confirmation of the background, objectives, and benefits of the requested
project and also institutional capacity of agencies concerned of the
recipient country necessary for the Project’s implementation.

2) Evaluation of the appropriateness of the Project to be implemented under
the Grant Aid Scheme from a technical, social and economic point of

View.

3) Confirmation of items agreed on by both parties concerning the basic

concept of the Project.
4) Preparation of a basic design of the Project.
5) Estimation of costs of the Project.

The contents of the original request are not necessarily approved in their initial
form as the contents of the Grant Aid project. The Basic Design of the
Project is confirmed considering the guidelines of Japan’s Grant Aid Scheme.

The Government of Japan requests the Government of the recipient country to
take whatever measures are necessary to ensure its self-reliance in the
implementation of the Project. Such measures must be guaranteed even
though they may fall outside of the jurisdiction of the organization in the
recipient country actually implementing the Project.  Therefore, the
implementation of the Project is confirmed by all relevant organizations of the
recipient country through the Minutes of Discussions.

Selection of Consultants

For smooth implementation of the Study, JICA uses (a) registered consultant
firm(s). JICA selects (a) firm(s) based on proposals submitted by interested

G
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3.

firms. The firm(s) selected carry(ies) out a Basic Design Study and write(s) a
report, based upon terms of reference set by JICA.

The consulting firm(s) used for the Study is (are) recommended by JICA to the
recipient country to also work in the Project’s implementation after the
Exchange of Notes, in order to maintain technical consistency.

Japan’s Grant Aid Scheme

(1)

)

3

G

Grant Aid

The Grant Aid Program provides a recipient country with non-reimbursable
funds to procure facilities, equipment and services (engineering services and
transportation of the products, etc.) for economic and social development of
the country under principles in accordance with the relevant laws and
regulations of Japan. Grant Aid is not supplied through the donation of

materials as such.

Exchange of Notes (E/N)

Japan’s Grant Aid is extended in accordance with the Notes exchanged by the
Governments concerned, in which the objectives of the Project, period of
execution, conditions and amount of the Grant Aid, etc. are confirmed.

“The period of the Grant Aid” means the one fiscal year which the Cabinet
approves the Project for. Within the fiscal year, all procedures such as
exchanging of the Notes, concluding contracts with (a) consultant firm(s) and
(a) contractor(s) and a final paymenf to them must be completed.

However in case of delays in delivery, installation or construction due to
unforeseen factors such as weather, the period of the Grant Aid can be further
extended for a maximum of one fiscal year by mutual agreement between the

two Governments.

Under the Grant Aid, in principle, Japanese products and services including
transport or those of the recipient country are to be purchased.

When the two Governments deem it necessary, the Grant Aid may be used for
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(6)

the purchase of the products or services of a third country.

However the prime contractors, namely, consulting, contracting and
procurement firms, are limited to “Japanese nationals”. (The term “Japanese
nationals” means persons of Japanese nationality or Japanese corporations
controlled by persons of J épanese nationality.)

Necessity of “Verification”

The Government of recipient country or its designated authority will conclude
contracts denominated in Japanese yen with Japanese nationals. Those
contracts shall be verified by the Government of Japan. This “Venification”
is deemed necessary to secure accountability to Japanese taxpayers.

Undertakings required of the Government of the Recipient Country

In the implementation of the Grant Aid project, the recipient country is
required to undertake such necessary measures as the following:

1) To secure land necessary for the sites of the Project, and to clear, level
and reclaim the land prior to commencement of the construction.

2) To provide facilities for the distribution of electricity, water supply and
drainage and other incidental facilities in and around the sites.

3) To secure buildings prior to the procurement in case the installation of the

equipment.

4) To ensure all the expenses and prompt execution for unloading, customs
clearance at the port of disembarkation and internal transportation of the
products purchased under the Grant Aid.

5) To exempt Japanese nationals from customs duties, internal taxes and
other fiscal levies which will be imposed in the recipient country with
respect to the supply of the products and services under the Verified
Contracts.

6) To accord Japanese nationals whose services may be required in
connection with the supply of the products and services under the Verified
Contracts, such facilities as may be necessary for their entry into the
recipient country and stay therein for the performance of their work.



7

8)

9)

Proper Use o

The recipient country is required to maintain and use the facilities
constructed and equipment purchased under the Grant Aid properly and
effectively and to assign staff necessary for this operation and
maintenance as well as to bear all the expenses other than those covered

by the Grant Aid.

Re-export
The products purchased under the Grant Aid should not be re-exported
from the recipient country.

Banking Arrangement (B/A)

(a) The Government of the recipient country or its designated authority
should open an account in the name of the Government of the
recipient country in a bank in Japan (hereinafter referred to as “the
Bank™). The Government of Japan will execute the Grant Aid by
making payments in Japanese yen to cover the obligations incurred
by the Government of the recipient country or its designated
authority under the verified contracts.

(b) The payments will be made when payment requests are presented by
the Bank to the Government of Japan under an authorization to pay
issued by the Government of the recipient country or its designated

authority.
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Annex-IV

Major Undertaking to be taken by Each Government

No.

I To be covered
tems by Grant Aid

To be covered
by Recipient
Side

To secure land

To clear, level and reclaim the site when needed

To construct gates and fences in and around the site

To bear the following commissions to a bank of Japan for
the banking services based upon the B/A

1) Advising commission of A/P

2) Payment commission

To ensure prompt unloading and customs clearance at port
of disembarkation in recipient country

1) Marine (Air) transportation of the products from Japan PY
to the recipient country

2) Tax exemption and custom clearance of the products at
the port of disembarkation

3) Internal transportation from the port of disembarkation P
to the project site

P

To accord Japanese nationals whose services may. be
required in connection with the supply of the products and
the services under the verified contact such facilities as
may be necessary for their entry into the recipient country
and stay therein for the performance of their work

To exempt Japanese nationals from customs duties, internal
taxes and other fiscal levies which may be imposed in the
recipient country with respect to the supply of the products
and services under the verified contact

To maintain and use properly and effectively the facilities
constructed and equipment provided under the Grant Aid

To bear all the expenses, other than those to be borne by
the Grant Aid, necessary for construction of the facilities
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MINUTES OF DISCUSSIONS
ON

THE BASIC DESIGN STUDY
ON

THE PROJECT
FOR
IMPROVEMENT OF KATHMANDU WATER SUPPLY FACILITIES
IN
THE KINGDOM OF NEPAL

(EXPLANATION ON DRAFT FINAL REPORT)

In November 2000, the Japan International Cooperation Agency (hereinafter
referred to as JICA) dispatched a Basic Design Study Team on the Project for the
Improvement of Kathmandu Water Supply Facilities (hereinafter referred to as the
Project) to the Kingdom of Nepal (hereinafter referred to as Nepal), and through
discussion, field survey, and technical examination of the results in Japan, JICA
prepared a draft report of the study.

In order to exi)lain and to consult Nepal on the components of the draft report,
JICA sent to Nepal the Draft Final Report Explanation Team (hereinafter referred to as
the Team), which is headed by Eiichiro CHO, Deputy director, Grant Aid Management
Department, JICA, from July 30 to August 8, 2001.

As a result of discussions, both parties confirmed the main items described on
the attached sheets.

Kathmandu, August 3, 2001

5 F-B il

Eiichiro CHO Shree Ram Shrestha

Leader Joint Secretary

Basic Design Study Team Ministry of Physical Planmng and
Japan International Cooperation Agency Works

(JICA) (MPPW)

Kaushal Na#rBhattarai

General Manager

Nepal Water Supply Corporation
(NWSC)
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ATTACHMENT

Components of the Draft Final Report

The Nepalese side agreed and accepted in principle the components of the Draft
Final Report explained by the Team. ~ After discussions with the Team, both sides
have confirmed the sites and components which will be constructed or procured
under the Japanese Grant Aid listed in Annex-I.

Japan’s Grant Aid Scheme

The Nepalese side understands the Japan’s Grant Aid Scheme and the necessary
measures to be taken by the Government of Nepal as explained by the Team and
described in Annex-III and Annex-IV of the Minutes of Discussions signed by
both parties on November 14, 2000.

Schedule of the Study

JICA will complete the final report in accordance with the confirmed items and
send it to Nepal by November 2001. |

Other Relevant Issues
(1) Responsible and Implementing Organization

The Responsible organization of the Project is the Ministry of Physical
Planning and Works (MPPW) and the Implementing Agency is the Nepal
Water Supply Corporation (NWSC).

(2) Operation and Maintenance of Facilities

The Nepalese side should be responsible for operation and maintenance of
facilities to be constructed under the Project. Each system at the Project
site should raise enough funds to cover the costs for the proper operation

and maintenance of the facilities.

(3) Implementation of EIA

The Team requested the Nepalese side to implement EIA (Environment
Impact Assessment) in accordance with “Environmental Protection Act,
1997”. The Nepalese side answered that MPPW and NWSC will take
necessary procedures in consultation with the Ministry of Population and
Environment including countermeasures, which are necessary to mitigate

$
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4)

(%)

(©6)

(7

(3)

negative impact, if necessary. The Team requested the Nepalese side to
submit the document on EIA through JICA Nepal office to JICA
Headquarter within three (3) months after the signing of Exchange of Notes
for the Project. The Nepalese side agreed on it.

Guarantee Letter for Land Acquisition

The Team requested the Nepalese side to submit the document, which
guarantees the usage of necessary land for the Project within three (3)
months after the signing of Exchange of Notes for the Project through JICA
Nepal office to JICA Headquarter. The Nepalese side agreed on it.

Power Supply

The Team requested the Nepalese side to install an electric line (11KV
overhead feeder) between Thimi service station and the water intake site
(required capacity of 300 KVA) and the water treatment plant site (required
capacity of 750 KVA) of the Project. The Nepalese side requested the
Team to provide generators for water intake and water treatment facilities.
For this, the Team requested the Nepalese side to seek an assurance from
NEA not to stop power supply to the facilities of the Project during load
shedding at the Project sites. The Nepalese side agreed on the
above-mentioned matters.

Temporary Stock Yard

The Team requested the Nepalese side to provide temporary yard, which is
necessary to stock construction materials during the construction period of
the Project. The Nepalese side agreed on it.

Sterilising Agent

The Nepalese side requested the Team to adopt sodium hypochlorite as
sterilising agent. The Team answered it is difficult to be included into the
Project because constant usage of repaired sodium hypochlorite generator at
Mahankal Chaur, which has been out of use for about three (3) years, should

be confirmed.

Bio-filter

Regarding Manohara system, the Nepalese side requested the Team to
construct a bio-filter The Team answered it is difficult because

groundwater would not be used as water source in Manohara system.
o I
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©)

(10)

(1)

(12)

(13)

Installation of Transmission Pipe

The Nepalese side requested the Team to install a transmission pipe between
Bode reservoir and Katunje reservoir of approx. 600m in length. The
Team answered it is difficult because it is out of scope of the Project. The
Team asked the Nepalese side to install the pipe by their own expense.

Design of Elevated Tanks

The Nepalese side requested the Team to make better design on out looking
of elevated tanks. The Team answered to consider the request.

Progress of Private Operator

The Nepalese side explained that re-invitation for letter of interest from
private operators has been published because of withdrawal by two (2)
companies out of three (3) which were short-listed earlier. Tentative
schedule of the commencement of Private Operator will be February 2003.

Request for Technical Cooperation

The Nepalese side requested the Team to include technical cooperation into
the Project for the proper management and operation of the facilities. The
Team answered to convey the request to related organizations in TOKYO
and asked to submit necessary documents to the Japanese Embassy in
Kathmandu.

Keeping Documents Confidential

The Team handed six (6) copies of the draft reports and three (3) copies of
drawings to the Nepalese side. Both sides agreed that these documents are
confidential and should not be duplicated or released to any outside parties
except for MPPW and NWSC.

A-22



Annex-I

THE PROJECT SITES AND COMPONENTS

(1) Manohara Project

1) Intake Facilities

- Planned intake amount: 21,700 m3/day

- Shallow wells: 8 nos. (diameter: 4 m, depth: 6.4 m)
- Intake pumps: 8 nos.

- Electrical equipment: Transformer 300K VA X 1 no.

2) Raw Water Conveyance Pipe
- Conveyance pipe: PVC ¢ 125 - 400 mm X 1,796 m

3) Water Treatment Plant
(a) Facility capacity

- Planned treatment amount: 21,700 m*/day (Planned supply amount X 1.05)
- Planned supply amount: 20,700 m*/day

(b) Receiving well and mixing basin

- Capacity: 83.5 m® X 1 basin

- Mixing method: gravity fall

(¢) Flocculation basin

- Capacity: 454 m’ (18 basins)

- Type of flocculation: vertical baffling

(d) Sedimentation basin
- Capacity: 920 m® X 3 basins
- Sludge removal equipment: hopper type

(e) Rapid sand filtration basin

- Filtration area of basin: 22.68 m* X 8 basins
- Replenishment pump: 1 unit

- Surface washing pump: " 2 units

() Clear water reservoir

- Capacity: 561 m*>X 2 basins
(g) Chemical dissolution and feeding equipment

- Coagulant (PAC): 1Ls.

- Sodium hydroxide: 1Ls.

- Bleaching powder: 1Ls.

(h) Sludge and drainage basin

- Capacity: 202 m* X 2 basins
- Supernatant water return pump: 2 units

- Drainage pump: 2 units

(i) Sludge drying bed

- Capacity: 280 m’ X 4 beds //\/
f
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(k)

M

(m)

Sampling equipment
Sampling pump: 2 units
Residual chlorine meter I no.

Internal water supply unit

Supply pump: 2 units

Water Quality Monitoring Equipment

Equipment for laboratory: 1Ls.

Electrical Equipment

Transformer: 750KVA X1 no.
Distribution panel: 1Ls.

4)  Transmission Facilities

1)

(a) Bhaktapur West and Madhyapur service area
- Transmission pump: 3 units
- Transmission main: DCIP ¢ 250 mm X 382 m
(b) Kathmandu Southeast service area
- Transmission pump: 5 units
- . Transmission main: PVC ¢ 350 mmX8,251 m
DCIP ¢ 350 mm X 172 m
5) Elevated Tanks
(2) Min Bhawan elevated tank
- Capacity: 3,080 m> X 1 no.
(b) Singha Durbar elevated tank
- Capacity: 2,700 m*X 1 no.
(2) Shaibhu Project
Distribution facilities
- Distribution reservoir: 2,700 m> X 1 reservoir
- Sterilisation equipment: 1 Ls. (bleaching powder)
- Electrical equipment: 1Ls.

2)

Water quality monitoring equipment: 1 Ls. (potable type)

Distribution main

New reservoir to North-east Lalitpur service area

Distribution main; PVC ¢ 300 mm X 3,454 m
DCIP ¢ 300 mm X 46 m
PVC ¢ 350 Tyax 1,263 m

P
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Appendix 5

Cost Estimation Borne by the Recipient Country



Cost Estimation Borne by the Recipient Country

(Unit: NRs))
Unit
Unit | Q'ty Price Amount Remarks
1. Expropriation of Land
(a) Water Intake
- Intake wells m? 2,000 400 800,000 | Market price
- Maintenance road m* | 1,600 400 1,040,000 | - ditto -
(b) Water Treatment Plant m? | 13,100 | 2,000 26,200,000 | - ditto -
(c) Elevated Tank
- Min Bhawan elevated tank m? 1,000 | 9,500 9,500,000 | - ditto -
- Singha Durbar elevated tank m? 1,000 | 12,800 12,800,000 | - ditto -
Sub-total 49,940,000
2. Power Supply Work LS. O 6,480,000 | NEA'’s Quotation
3. Fence and Gate Work LS. 0 1,500,000 bﬂ%?la?gﬁ tractor's
4. Improvement of Distribution
Pipe in Bhaktapur & Madhyapur LS. a 30,000,000 | NWSC's Estimation
Tota 87,920,000

Note: Lands for both of the above two elevated tanks belong to HMG/N.
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Examination on Leakage Reduction

Preamble

In the Project, water demand in the target year 2006 is estimated to be 101.4 MLD (on the
basis of effective supply amount), augumented with 37.5 MLD from the current water
demand of 63.9 MLD. On the other hand, the augmentation of supply capacity would be
confined to 20.6 MLD, in the Project. Accordingly, only augmenting supply capacity
might not fulfill the water demand.

In this context, in the Project, the existing water supply service areas shown in Fig. 2.2.2,
shall be sub-divided, coinciding with the water supply facilities provided, supply capacity
of the planned water supply facilities, and areal demand distribution; as shown in Fig. 2.2.3,
in order to reduce the currently high leakage ratio (43.5%), through making supply
pressure distribution even as well as reducing the average supply pressure. Hereunder,
estimated is the leakage in the case water supply facilities constructed and service area
sub-divided, according to aplan in the Project.

L eakage Estimation Method

As an estimation method of |eakage reduction reduction derived from the sub-division of
water supply service areas, the following equation shal be adopted, in which the
determinant parameters are the altered area of water supply associated with alteration and
sub-division of the service area, and the altered supply pressure (elevation differance
between the service area and the distribution reservair, etc. before and after the Project
implementation) associated with the new instalation of the elevated tank and the
distribution pipes:

[Equation of Leakage Estimation after the Project I mplementation]
Al Pi

n A
- A B
L izlex a x Ao X A x Po )

Ai Pi
po )X (g )

n
:iz:le o x(

, Where

L: Leakage after sub-division of the service area (MLD)

Q: Planned supply amount in the service area (MLD)

o : Leakageratio before sub-division of the service area

Ao: Areaof the servive area before sub-division (km?)

Ai:  Areaof each sub-divided area (km?)

A:  Areaof the service area after sub-division (km?)

Po: Avarage supply pressure in the service area before sub-division (kgf/cm?)

Pi:  Average supply pressure in each sub-divided area (kgf/cm?)

B : Exponent (=1.15)
Reference: “Practical Water Leak Survey” March 1995, Japan Water Pipe System
Research Center (JPRC)
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Estimated Effects

In Table A6.1, indicated are parameters of the equation such as area and average |elevation
of the respectice service areas, and elevation and supply amount of the reservoir/elevated
tank supplying water to these areas, the current and after the Project implementation; as
well as the calculation results. The effects of the Project, according to the estimation
results in the Table, are as under.

Effects of the Project
Total
Kathmandu Bhaktapur Lalitpur
P P (The Whole Area)
Before After Before After Before After Before After
(2000) | (2006) | (20000 | (2006) | (2000) | (2006) | (20000 | (2006)
Supply Capacity 74.0 90.8 111 128 28.0 30.1 1131 1337
(MLD)
Leakage
ML) 29.4 26.3 48 47 15.0 129 49.2 439
"eak‘z‘;g Rate 39.7 28.9 432 36.7 53.6 429 435 2.8
Effective Supply
Amount 44.6 64.5 6.3 8.1 130 17.7 63.9 89.8
(MLD)
Dorgigftiﬂp' @ 454 65.7 50.7 65.2 491 64.9 466 65.5
6 d)p (83.8%) (88.0%) (87.8%) (83.6%)

Remarks: (1) Target domestic per capita consumption in target year 2006: 74.0 Icd.
(2) ( ): Fill-up ratio against the domestic per capita consumption target.
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Kathmandu Service Area

Table A6.1 Water Supply Situation of the Current and After the Project Implementation

A Elevati Reservoir/Elevated Tank Supply Pr Supply A t | Leskage Rati Leaki Effective Suppl
Name of Water Supply Service Area rea evation - Pply Fressure Pply Amoun ageRalo age Ve SUppy Remarks
(km?) (m) Name Elevation (m) (kgf/cm?) (MLD) (%) (MLD) (MLD)
1. Mahanka Chaur 26.26 1,305.1 Mahankal Chaur 1,335.9 3.08 39.8 32.2 128 27.0
2. Bansbari
= 2.1 Bansbari (Upstl 10.44 1,315.7 Bansbari 1,368.1 5.24
= anshari (Upstream) ’ ansoa ’ 208 486 101 107
5 2.2 Bansbari (Downstream) 3.74 1,302.1 Bansbari 1,368.1 6.60
O s, Balaju 6.83 1,300.1 Balaju 1,353.3 5.32 75 42.7 3.2 4.3
4. Sundarighat 3.40 1,297.7 Sundarighat 1,358.4 6.07 5.9 55.9 33 2.6
Tota 50.67 74.0 39.7 29.4 44.6
1. Mahankal Chaur
1.1 Mahankal Chaur 12.93 1,314.6 Mahankal Chaur 1,335.9 2.13
1.2 Min Bhawan 9.60 1,299.0 Min Bhawan 1,319.6 2.06 14.8 MLD from Manohara Project
- - 56.6 23.0 13.0 43.6 . )
1.3 Singha Durbar 4.19 1,294.1 Singha Durbar 1,313.9 1.98 2.0 MLD from Shaibhu Project
3 1.4 Newly-Created SA 173 1,289.7 New Shaibhu 1,320.0 3.03
o N
S | 2. Bansbari
E . .
21 Bansbar! (Upstream) 9.17 1,317.5 Banst?an : 1,368.1 5.06 208 349 73 13.6
2.2 Bansbari (Downstream) 3.74 1,302.1 Maharajgunj 1,329.6 2.75
3. Balgu 5.91 1,301.1 Balaju 1,353.3 5.22 7.5 36.1 27 4.8
4. Sundarighat 3.40 1,297.7 Sundarighat 1,358.4 6.07 5.9 55.9 33 2.6
Tota 50.67 90.8 28.9 26.3 64.5
Remark: "Bansbari (Downstream)" be supplied water from Maharajgunj Reservoir, after the Project implementation.
Bhaktapur Service Area
i Reservoir/Elevated Tank i i
Name of Water Supply Service Area Area Elevation : Supply Pressure | Supply Amount | Leakage Ratio Leakage Effective Supply Remarks
(km?) (m) Name Elevation (m) (kgf/cm?) (MLD) (%) (MLD) (MLD)
= 1. East Bhaktapur 4.15 1,321.0 Bansbari 1,360.8 3.98 6.9 43.2 3.0 39
5 | 2. Madhyapur 10.16 1,308.4 Bode 1,360.0 5.16 42 43.2 18 24
© Total 14.31 111 43.2 438 6.3
1. East Bhaktapur 3.02 1,320.7 Bansbari 1,360.8 4.01 6.9 317 22 47
gl 2 Madhyapur
c .
é 2.1 West Bhaktapur 341 13136 Katunje 13474 3.38 59 425 25 34 5.9 MLD from Manohara Project
2.2 Madhyapur 7.88 1,308.3 Bode 1,360.0 5.17
Total 14.31 12.8 36.7 4.7 8.1

Remark: "West Bhaktapur" be supplied water from Katunje Reservoir, after the Project implementation.
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Lalitpur Service Area

Table A6.1 Water Supply Situation of the Current and After the Project Implementation

Name of Water Supply Service Area Are? Elevation Reservoir/Elevated Ténk Supply Pressure | Supply Amount | Leakage Ratio Leakage Effective Supply Remarks
(km°) (m) Name Elevation (m) (kgf/cm?) (MLD) (%) (MLD) (MLD)
g 1. Shaibhu 12.34 1,301.6 Shaibhu 1,340.0 3.84 204 53.6 126 7.8
= 2. Tahakel VDC 3.27 1,321.2 Tahakel 1,360.0 3.88 7.6 53.6 24 5.2
S Total 15.61 28.0 53.6 15.0 13.0
1. Shaibhu
1.1 Shaibhu VDC 1.66 1,283.7 Shaibhu 1,320.0 3.63
1.2 West Shaibhu 294 1,298.6 Shaibhu 1,340.0 414 ] .
g 1.3 South East Shaibhu 403 13138 Shaibhu 1,340.0 2.62 225 %2 88 187 21 MLD from Shaibhu Project
o 1.4 North East Shaibhu 371 1,298.8 New Shaibhu 1,320.0 2.12
2. Tahakel VDC 3.27 1,321.2 Tahakel 1,360.0 3.88 7.6 53.6 41 35
Total 15.61 30.1 42.9 129 17.2

Remarks: (1) The elevation of Shaibhu reservoir and Tahakel reservoir id 1,374.8m and 1,497.4m, respectively. In view of the upper part of distribution pipes not filled with water,
the elevation has been set, according to the pressure measurement at the time of field investigation.

(2) With the implementation of the Shaibhu Project, it would be possible for the respective divided areas to be supplied water through individual distribution pipes;

the supply pressure shall, accordingly, be adjusted, according to the elevation of the service area.
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Examination on Water Intake Facilities

Planned Water Intake

The planned intake amount of Manohara river water and the existing groundwater, which
is planned as the water source in the Manohara Project, shall be based on the possible

intake amount (Table A7.1) in JCA Master Plan Study considering the existing water
rights.

Table A7.1 Possible Intake Amount in Manohara Project
(Unit: 1,000 m®/day)

Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.

River water | 44.0 | 26.7 | 138 | 138 | 181 | 328 | 508.0 | 770.6 | 481.2 | 146.0 | 924 | 544

Possible
intake | Groundwater | O 84 8.4 8.4 8.4 O O O O O O O
amount

Total 440 | 351 | 222 | 222 | 265 | 328 | 508.0 | 770.6 | 481.2 | 146.0 | 924 | 544

Source: JJCA Master Plan Study, 1990.

The groundwater taken here from the existing deep wells is of no good quality. An
appropriate pre-treatment is required in the use as raw water for waterworks. The
duration of using the groundwater for substitution when river discharge is reduced being

short, only 2 months, the cost of groundwater intake as raw water would be amost 8 times
that of river water.

Consequently, the existing groundwater shall be converted for irrigation purpose, and, for
the substitution, the same amount as at present groundwater taken, shall be taken from
Manohara River, as the source in the Manohara Project. The planned intake amount in
the Manohara Project is, considering the above possible intake amount as well as seasonal
fluctuation of water demand, as shown in Table A7.2.

Table A7.2 Planned Intake Amount in Manohara Project
(Unit: 1,000 m*/day)

Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.

Riverwater | 185 | 183 | 138 | 138 | 179 | 201 | 215 | 21.7 | 214 | 209 | 200 | 17.9
Planned G et
intake | oUnAvAen) 0 42 | a3 | O 0 0 0 0 0 0 0
substitution
amount
Total 185 | 183 | 180 | 181 | 179 | 201 | 215 | 217 | 214 | 209 | 200 | 17.9
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2.

Existing Intake Wells
(1) Operating Situation

Near the planned intake point in the Manohara Project, intake wells constructed by
NWSC arein operation.  Facility layout and structure of the wells are shown in Fig.
A7.1and Fig. A7.2, respectively.

The structure of the existing intake wells is, as shown in the Figures, a shallow well
of 3 m diameter and 6 m depth, with a set of perforated water collecting pipes (11 m
length, @ 200 mm) ingaled to the direction of Manohara River, to augment the
intake amount.

At Intake Well No.1 2 pumps of pumping capacity 1.0 m*¥min., and at Intake Well
No.2 2 pumps of capacity 1.3 m¥min. and capacity 0.9 m*min., are installed. A
stable intake of river bed water has been undertaken since the commissioning in
December 1998. Table A7.3 depicts the past performance of these intake wells.

Table A7.3 Dischargein the Existing Wells
(Unit: m*/day)

Intake Well No.1 Intake Well No.2
Year Month Pump Pump Pump Pump Total
No.1 No.2 No.3 No.4
1998 Dec. 747 385 1,486 O 2,618
Jan. O 490 1,507 O 1,997
Feb. O 870 1,577 O 2,447
Mar. 537 861 1,422 O 2,820
Apr. 657 768 1,768 O 3,193
May 1,053 1,198 1,759 O 4,010
1999 June O 1,378 2,058 O 3,436
July O 1,426 1,908 O 3,334
Aug. O 1,372 1,784 O 3,156
Sept. 485 1,064 1,817 O 3,366
Oct. 79 1,105 1,769 O 2,953
Nov. O 1,358 1,763 O 3,121
Dec. O 1,365 1,713 O 3,078
Jan. O 1,173 1,615 122 2,910
Feb. O 1,506 1,538 19 3,063
Mar. O 1,343 1,595 O 2,938
Apr. O 1,466 1,929 O 3,395
2000 May O 1,421 1,794 O 3,215
June O 1,472 1,911 O 3,383
July O 1,366 1,741 O 3,107
Aug. O 666 1,698 O 2,364
Sept. O 1,426 1,846 O 3,272
Oct. O 1,366 1,736 O 3,102

Remark: Statistical parameter values of the total discharge: Maximum; 4,010, Minimum; 1,997, Mean;
3,056, Standard Deviation (o ); 417, Mean -20 ; 2,222.

According to the Table, the mean intake amount in the past is 3,056 m*/day (standard
deviation:o =417 m%day), from the commissioning in December 1998 to October
2000. If consdering the variance of intake amount, it is expected that the stable
intake amount from the existing intake wells be 2,222 m*/day (mean -2 )
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(2) Pumping Test in the Existing Intake Wells

Pumping test was conducted towards Intake Well No.1 by using observation wells 1
and 2 and Intake Well No.2 as observation wells, through the following procedures,
during which the inflow valve of the perforated water collection pipe was closed:

Step-1: Water level measurement in ordinary operation of 2 pumps (No.1 and
No.2)

Step-2: Water level recovery after pumping operation stopped

Step-3: Measurement of water drawdown at times of No.1 pump operating

Step-4: Measurement of water drawdown with the concurrent operation of No.1
and No.2
(Pumping capacity: No.1 and No.2, the same 1.0 m¥min.)

Thetest results areindicated in Fig. A7.3 and Fig. A7.4.

Assuming the existing intake wells to be stable with free surface, an applicable
hydraulic equation is:

QD 40k0 r()D(H- h())
, Where

Q : Discharge (m%sec.)

k : Permeability coefficient of the aquifer (m/sec.)

ro : Radius of thewell (m)

H : Depth of impermeable layer from original groundwater surface (m)
hy : Depth of impermeable layer from water level in the well (m)

Aquifer Layer

ho

17117
Impermesble Layer

From the equation, assuming that the original groundwater surfaceis that measured in
Step-3 of the pumping test, the permeability coefficient (k) of the aquifer surrounding
the intake well might be calculated as follows:

kO Q+ {40ryJ(H- ho)} 0 0.01667+ (4x 1.5x 0.96)0] 2.9x 10" (cm/sec.)

The permeability coefficient (k) of the aquifer in design is, considering the
contingency, set asfollows:

Permeability coefficient in design:
kO 2.0x 10 (cm/sec.)
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Fig. A7.4 Water Drawdown in Pumping Test
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Intake Amount in the New Facilities

The intake amount of intake facilities to be newly constructed in the Manohara Project
shall be equivalent to the planned intake amount minus intake amount of the existing
intake wells. In examining the facility capacity, however, the planned intake amount
applied with a contingency factor 1.25 is used.

Rainy season : 21,700 m¥dayx 1.250 2,222 m*day[] 24,903 m*/day
Dry season  : 17,900 m¥/dayx 1.250 2,222 m*/day0 20,153 m*/day
Others : 20,000 m*/dayx 1.250] 2,222 m*/day[] 22,778 m*/day

Examination of Intake Method

At the moment, at the planned intake point in the Manohara Project, no artificial
embankment is built, and 500 to 600 m width of the river bank are utilised in farming. It
is difficult to adopt such an intake method that water is taken by constructing intake
facilities such as weir. In consequence, hereinafter examined are the methods using
shallow wells and an infiltration gallery, both exploiting river water in the form of river
bed water.

(1) Shallow-well Method

Based on the afore-mentioned hydraulic equation towards the stable well as well as
the permeability coefficient obtained from the pumping test results, the following
intake amount of shallow-well method might be in hand:

Table A7.4 Intake Amount in Shallow Wells

Diameter of well 30m 40m 50m

Water level difference (H-h))(m) | 20 | 25 | 30 | 20 | 25 | 30 | 20 | 25 | 30

Intake amount  (m%day) 2,073 | 2,592 | 3,110 | 2,761 | 3,456 | 4,147 | 3,456 | 4,320 | 5,184

From the Table, when water is taken from shallow wells of 5 m diameter with the
secured 3.0 m difference of water level between inside and outside the well, at least 5
wells would be required. In the boring test and electrical probing conducted in the
Study, a favourable sand and gravel layer of 6 to 20 m thickness is recognized in the
area within east-west 350 m and north-south 200 m, at the left bank of Manohara
River, upstream of the existing NWSC intake wells;, however, it is difficult to
construct required number of wellsin the area at an appropriate interval to make each
other out of theinfluential range (RO 100 m).
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Infiltration-gallery Method

The applicable equation for the intake of groundwater with free surface, through
infiltration-gallery method, is:

Q R ho ho

_ kL(H*-ho*) \/t+0.5r0 i/ZhO—t
, Where

Q : Discharge (m%sec.)

k : Permeability coefficient (m/sec.) kO 2.0x 10° mv/sec.

ro : Radius of theinfiltration gallery (m)

L :Length of theinfiltration gallery (m)

R :Influentia Range (m)

H : Depth from the original groundwater level to the impermeable layer (m)

hy : Depth from water level in the gallery to the impermeable layer (m)

t : Water depth inthe gallery (m)
From the above, the intake amount of infiltration-gallery method might be cal culated
asin Table A7.5.

Table A7.5 Intake Amount of Infiltration-gallery Method

Diameter of gallery pipes 300 mm 400 mm 500 mm

Water level difference (H-h))(m) | 2.0 | 20 | 30 | 10 | 20 | 30 | 10 | 20 | 30

Intake amount per 1m (m*/day/m) 7.6 15.2 23.2 8.8 17.6 26.6 9.8 19.6 29.8

As seen in the above discussion, amost 1,270 m of pipe length would be required
when using water collecting pipes of 500 mm diameter in an infiltration gallery, even
if 2 m of head difference secured between water level in the gallery and groundwater
level. Moreover, problems are foreseen in the infiltration gallery: a large cost
required in temporary works such as for steel sheet piling and for water replacement
ininstaling water collecting pipes; intensive impacts to the surrounding farm land.

Group-well Method

Shallow-well method has characteristics of easy work, cheap cost and less impacts to
the surrounding environment during the construction; however, the wells might not be
dug outside the influential range with each other. For this reason, hereunder
examined is the group-well method, in which the wells are dug inside the influential
range (50 to 85 m apart with each other) within the favourable aguifer recognized in
the Study even though the discharge per well being reduced.

[Calculation Formula)

In calculating intake amount, applied is the following intake amount formula relating
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to aseries of 3wells at an equal interval (unconfined groundwater):

Q.0

Q.

RO 1.

, Where
KO
HO

hoU

rwl
RO

. K (H?-hy®) loge(m/ ry)

210ge(R/ m)loge(m/ry) +10ge (M/ 2r,) loge (R / 1)

T K (H*-ho*) loge(m/ 2r,)

21loge(R/ m)loge(m/ry) +1oge (Mm/ 2ry) loge (R / 1y)

(VOt,)

0.002 m/sec. : Permeability coefficient

6.5m
58m
6.0m

3.3m

2.5m
100 m

: Aquifer thickness (rainy season)
: Aquifer thickness (dry season)
: Aquifer thickness (others)

. Height of aguifer surface over theimpermesble layer
. Interval of wells (m)
: Radius of the well (diameter of thewell is5 m)

. In the assumed stable condition, though R being prescribed
astime’s function: 1.5,/ (VOt ) within the influential range.

[Intake Amount from Intermediate Wellg]

In the intermediate well (located between other wells), the intake amount reduces
influenced by the wells at both sides. The reducing ratio is set as Q, / Q,, as shown

below.

Intake Amount in 3-well Series

I

Intake Amount in 4-well Series

im0

117

Intake Amount in 5-well Series

11

T

Intake Amount in 6-well Series
Q Q.

0= OX(Oyf Q. Q
1
Q3=Qx(Q,f Q_1) Q. Q

URLRURRkEE
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Well Intake Amount Total Intake Amount

3 Wells Series Q Q@ @ 20,0 Q,
4 Wells Series Q Q @ & 2Q,0 2Q,
5 Wells Series QL Q@@ B Q@ 20,0 2Q,0 Qs

6 Wells Series QL @@ B B Q@ X 2Q,0 20,00 2Q,

Qa0 Q¢ (Q2/ Q)

[Total Intake Amount]

Total intake amount in group wells composed of 3 to 6 shallow wells is as shown in
Table A7.6, based on the above-mentioned formula and conditions.

Table A7.6 Intake Amount in Group Wells

Well Total Intake Amount in Group Wells (m®/day)
Interval 3Wells 4Wells 5 Wells 6 Wells
50m 11,166 14,266 16,649 19,032
E‘j gésrﬁaso“ 60 m 12,126 15,534 18,198 20,862
hg=3.3m 75m 13,553 17,412 20,484 23,556
85m 14,511 18,670 22,012 25,354
50m 8,009 10,348 12,077 13,806
ar:ysze?nso” 60m 8,796 11,268 13,201 15,134
h=3.3m 75m 9,832 12,632 14,862 17,002
85m 10,527 13,544 15,968 18,392
50m 8,940 11,422 13,330 15,238
orers 60m 9,709 12,438 14572 16,706
h=3.3m 75m 10,852 13,942 16,402 18,862
85m 11,620 14,950 17,625 20,300

Remark: The groundwater level is estimated, assuming that H varies in response to river water level.
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[Optimal Disposition of Group Wells]

Considering the area favourable aguifer is recognized in the Study, 2 series of group
wells shall be dug 150 m apart with each other, at the left bank of Manohara River.
A series at the river side shall be composed of 4 shalow wells with 50 m interval, or
3 shalow wels with 75 m interval, because only 160 to 170 m distance is available
aong the river. Regarding another series at inland side, examined are the number
and interval of wells required to secure the intake amount in the different seasons.
Thereafter, the estimated construction costs are compared among the respective cases
of number and interval of shallow wells. (See Table A7.7).

Table A7.7 Construction Cost by Well Disposition

Intake Amount (m*/ day) No. No. of Pumps
Well Disposition S'_‘;Zisr(‘){] S';ag’m Others of | 15 | 185 | 22 | 30
(24903 | (20153) (22,778) | Wells | Kw | KW | KW | KW
. River Side 75 mx 3wells 13,553 9,832 10,852 3 - - 1 2
Inland Side 85 mx 4 wells 18,670 13,544 14,950 4 - - 2 2
Total Intake Amount (m*/day) 32,223 23,376 25,802 7 - - 3 4
Cost of Well Digging and Pump Installation ¥184.5 Million
. River Side 50 mx 4 wells 13,638 9,894 10,918 4 - 4 - -
Inland Side 85 mx 4 wells 17,588 12,760 14,082 4 - - 4 -
Total Intake Amount (m*/day) 31,226 22,654 25,000 8 - 4 4 -
Cost of Well Digging and Pump Installation ¥169.9 Million
. River Side 75 mx 3wells 12,232 8,722 9,685 3 - 1 -
Inland Side 75 mx 5wells 18,602 13,266 14,730 5 - 3 2 -
Total Intake Amount (m*/day) 30,834 21,988 24,415 8 - 4 4 -
Cost of Well Digging and Pump Installation ¥174.9 Million
. River Side 50 mx 4 wells 12,726 8,992 10,020 4 2 2 - -
Inland Side 75 mx 5wells 18,163 12,824 14,287 5 3 2 - -
Total Intake Amount (m*/day) 30,889 21,816 24,307 9 5 4 - -
Cost of Well Digging and Pump Installation ¥174.1 Million

According to the Table, the optimal disposition of wells to meet the intake amount
required in the different seasons, is 4 wells at 50 m interval at the Manoharariver side
and 4 wells at 85 m interval at the inland side, concluded from the economic cost in

comparison.
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Appendix 8

Examination on Water Treatment System



Examination on Water Treatment System

1. Chemicas Mixing and Coagulation

Coagul o-sedimentation
sedimentation.

involves

three processes,

coagulation,
Mixing of chemicals and coagulation are to coagulate fine particles or

flocculation and

colloidal particles to minute flocs by rapid mixing after feeding coagulant to raw water.
Available mixing types are:

[0 Machinery mixing
O Pump power mixing
[ Gravitational force mixing by weir

Due to machine use, maintenance is required in machinery mixing and in pump power
mixing. Gravitational force mixing by weir needs no machine, no maintenance required.
Comparison of the mixing typesisasin Table A8.1. Gravitational force mixing shall be
adopted in the Project.

Table A8.1 Comparison of Chemicals Mixing Types

Machinery Mixing

Pump Power Mixing

Fall with Weir (by gravity)

Configuration

Driving device
Supporting
Axiswith screw
Electrical equipment

Injection pump

Piping and installation
Agitator

Electrical equipment

Weir plate

Agitation by a mixer

A part of raw water taken from

Mixing is done in the turbulence

Mechanism inlet isinjected to the bell- caused by gravity fall after awelir.
mouth by booster pump.

Capablein responceto inflow | Capablein responceto inflow | Small construction cost

Advantage quantity. quantity. No trouble likely to happen
G No hydraulic head is needed. No hydraulic head is needed. No maintenance cost
Small installation area

High construction cost High construction cost Measures to adjust inflow quantity

High power cost High power cost ateration are needed.
Disadvantage Countermeasures to machinery |Large areais needed. Hydraulic head is needed.

0 | sound are needed. Periodic maintenance is needed.

Periodic maintenance is needed. | High maintenance cost

High maintenance cost

Construction, power and Almost same as the left. By regulating a height, sufficient

maintenance costs are all large. | Pump installation areais hydraulic head can be secured.
Evaluation Countermeasures to machinery | needed. Construction cost is small, and

sound are needed. High skills for operation are power and maintenance costs are

High skills for operation are needed. not required.

needed.

o O a
MotorE
N Processed
Processed water

Drawi ng water

==
S
rov L=

water

Processed
water

Raw
water
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2.  Flocculation

After mixing and coagulation, minute flocks shall be grown to favourably larger flocks

through gentle agitation.

O Machinery agitation
O Baffling-type

Available flocculation types are:

Machinery require maintenance, baffling-type without machines easy in O/M. Table
A8.2 comparesthese 2 types. Baffling-type shall be adopted in the Project.

Table A8.2 Comparison of Flocculation Types

Machinery agitation (flocculator) Baffling-type
One or afew rows of mixers with paddles are | There are two kinds of this type; vertical and
installed in the basin. There are two types of | horizontal. Both might be used concurrently.
axis of paddles; vertical and horizontal. Using the hydraulic head and baffles,
Functions and Rotation can be adjusted with the treatment | measurement of inflow quantity alteration is
arrangement quantity by changing a mixing strength (G | needed. Also required is to pay attention to
value). sludge sedimentation when turbidity is high.
Depthinthebasinis3-5m. Detention time and depth are the same as in
machinery agitation.
Driving device (motor and reduction gear) | Bafflewall and weir plate
Configuration and paddies
Submersible axis bearings
Detentiontime: T | 20-40 min. 20-40 min.
Paddle velocity 15-80 cnm/sec. (At most outer part) ad
Gvaue 10-75 /sec. 10-75 /sec.
GT 23,000-210,000 23,000-210,000
Maintenance Machine maintenance is needed. Ease of maintenance
Capable of adjusting to quality and quantity | Small construction cost
Advantage alteration.
No hydraulic head is needed.
Large construction cost Hydraulic head is needed.
Disadvantage Needs periodic maintenance (cost). Difficulty in adjustment to quantity alteration
Maintenance cost is high.
Paddle
et = o | ey
Drawin : =
et = : Processed
Construction, power and maintenance costs | Both construction and maintenance costs are
aluati arelarge, and high-level of skillsis needed. small. Capable of adjusting to quantity
Evaluation ateration by changing number of basins used.
O O
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Discharge of Sludgein the Basin

For discharging the sludge sedimented in the basin, the gravitational method with hoppers
shall be applied, not the machinery method requiring the maintenance cost.

A study was conducted on sludge distribution in the flow in the sedimentation basin in a
water treatment plant in Japan, by using river water as raw water.

(1) Specification of the sedimentation basin

0 Design Capacity : 30,000 m*/basin/day
[0 Type of Basin : Horizontal flow type, inclined plates settler
O Shape and Size : Rectangular, 13mWx 27.3mLx 4.0mD (1,420 m°)

O Type of Sludge Discharge : Perforated drain pipes across the flow[] 13 rows[]
downside of the inclined plate settler

- 19.50m >I<— 8.64m —>|

—

Parallel Parallel Parallel flow
Plates Plates Plates —>

@@@@@@@@

Fig. A8.1 Cross Section of the Basin

(2) Investigation method

0 Before starting an investigation, sudge in the basin was taken away through all
the perforated drain-pipes, one day prior.

O The investigation was conducted, after 24 hours of normal operation, by taking
samples every 15 seconds from all the discharge valves. These were continued
until transparent discharge water was identified through observation, the
maximum duration being 300 seconds. Turbidity was measured and converted to
concentration of suspended solids.

O Investigation conditionsd
[0 Water Treatment Volume : Design Capacity
O Turbidity in Raw Water  : 30 to 46 degree (equivalent to NTU)
(] Discharge Vave : D.150 mm full open

(3) Theresults

Table A8.3 shows the Sludge distribution in the flow. The cumulatives indicate non-
dimensiona figures, assuming that quantity of discharge in the meantime from every
discharge pipeis equal and constant.
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Table A8.3 Discharge Concentration and Flux by Discharge Pipe

Sccond PipeNo. | 0 0 0 O 0+0 | 0+0 | 0+0 | 0+0
0 290 440 230 310 110 140 160 60 35
15 22,000 18000 15000| 9,000| 4,700| 5300 2,600| 1,900 340
30 14,000| 23,000/ 13,000 7,300/ 3,600| 2900 1,200 600 830
45 13,000| 17,000 6,000| 4,600/ 2,700 1,800 830 430 300
60 6,100| 17,000/ 2,600 1,400 1,900 700 460 280 170
75 3200 11,000/ 1,400 720| 1,100 450 370 190
90 1,400 3,800 960 600 550 300 240 140
. 105 800| 3,200 1,250 690 490 270 140
§ 120 650| 3,500 680 300 250 160
= 135 440| 2,300 490 21 190
-% 150 360| 2,000 330 160
‘;% 165 350| 1400 200
5 180 300| 1,600
© 195 330| 2,000
210 240| 1,200
225 310 800
240 280 760
255 280 950
270 250 660
285 180 400
300 200 580
Cumulative 64,670| 111,150 41,910 24,791| 15480| 11,880| 5,840| 3,540| 1,640
Settling Ratio (O) 23.0 39.6 14.9 8.8 55 4.2 21 1.3 0.6
Cumulative Ratio (O ) 23.0 62.6 775 86.3 91.8 96.1 98.2 99.4| 100.0

The basin is composed of inclined parale plates settling equipment in the beginning
part of 19.50 m with dludge draining devices and an ordinary settling in the
succeeding part of 8.64 m.

As indicated in the results, the ratio of sediment is extremely high in the beginning
part of paralel plates settler, followed by the entrance. The setting ratio in the last
drainage is less than 1%.

paralel plates settler, than in the ordinary settling basin.

In general, the surface of settling is much larger in the

Since the volume of
sediment is negligible after the settling devices, the end of settler might be considered
asthe end of the basin.

Fig. A8.2 gives the distribution of sediment volume in the flow.
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Fig. A8.2 SedimentintheBasin

Let the previously mentioned total length of the basin be at No.13 discharge pipe,
then no less than 78% of sediment is settling up to No.3 discharge pipe, and 86% up
to No.4 pipe (located at 31% of the total length). Thereafter, no more than 14% of
sediment is remaining.

When assuming an average turbidity in raw water in the Manohara Project to be 25
NTU degree, the discharge volume of sludge might be calculated as approximately 22
m*/day (2% of concentration). The hopper-installed area occupies 25% of the whole
sedimentation basin; an average height of sediment corresponding to the sludge
volume would be 9 cm/day in the Manohara Project.

The dudge height reaches, in part, as much as 3 to 4 times of the above average
figure; even though, in the effective depth of 2.85 m in design, sediment be permitted
up to 1 m (in such an occasion, average flow velocity in the basin becomes the
maximum permitted 0.4m/min) in height, the sedimentation basin shall be cleaned up
every 2 to 3 days, with suspension of basin operation.

Consequently, hopper installation is inevitable in the Manohara Project.

Number of hopper rows is examined, asindicated in Table A8.4.
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Table A8.4 Comparison of Operability and Costsin Hopper Rows in Sedimentation Basin

Hoppers (in plura rows) installed up to 30%

Item position of the total length of the basin Hopper installation in one row
(In case high turbidity in rainy season)
Sludge shall be discharged everyday by To discharge sludge from the part other than
operating valves of the 3 basins. hoppers, the method based on the drainage
Discharge operation is made from the utmost of water in the basin must be applied.
upstream discharge valve, continuously in turn Fregquency: 1 to 2 times aweek.
to the downstream valves. Since a considerable duration of timeis
The time of operating the discharge valve shall required in drainage, sludge discharge and
be, including opening and closing, replenishment, an ordinary operation calls
approximately 25 min. for at least one basin reserved.
After 24 hours of detention, the sludge shall be In case draining the whole water from the
transferred to the sludge drying bed. basin, augmentation of capacity in returning
water from the sludge and drainage basin is
Siudge B required.
Discharge (In case mean turbidity)
Sludge shall be discharged everyday from one Not so frequently as above; however, almost
basin. once aweek, the sludge shall be discharged.
Discharge operation is made from the utmost
upstream discharge valve, continuously in turn
to the downstream valves.
The time of operating the discharge valve shall
be, including opening and closing,
approximately 25 min.
Discharge operation shall be oncein 3 days,
dludge detained in the basin.
After 24 hours of detention (on the 4th day),
sludge shall be transferred to the sludge drying
bed.
Almost 2 times ayear; by selecting the time when
Cleaning the quality of raw water is comparatively

favourable and treatment amount is small.

Configuration

Annualy
Required
Cost

(NRs)

Hoppers 45 nos (3 basinx15 nos) Hoppers 9 nos (3 basinx3 nos)
Dischargevalve 15 nos (3 basinx5 nos) Dischargevalve 9 nos (3 basinx3 nos)
Discharge pipe 1 set Discharge pipe 1 set
Repayment cost of facilities 997,000 | Repayment cost of facilities 495,000
Maintenance cost (valve) 122,000 | Maintenance cost (valve) 61,000
Lossinintake - Lossinintake 660,000
Cleaning work 77,000 | Cleaning work 928,000
Replenishment work - Replenishment work 41,000
Total 1,196,000 Total 2,185,000

Remark: In case only one row of hoppers installed at upstream side, to the same extent of treatment effects as in
multiple rows of hoppers, in addition to the above facilities, the following facilities and annual costs will be

further required:

(1) Reserved basin :NRs
(2) Returning facility capacity augmented  : NRs
(3) Total additional costs annually required : NRs
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Rapid Sand Filtration

Rapid sand filtration is the final process to finish and obtain safe and hygienic water; the
fundamental objective of waterworks, for supplying to the user, by improving water
quality up to the required level. In the process, the fine flocs not removed in the
sedimentation basin are removed by passing through filter medium such as sand layer; at
the same time, the substances inside the flocs that might consume the free residual chlorine
and make the water non-resistant to the contamination from outside of the distribution
pipes as well as cause secondary affections inside the pipes, are removed. Available
rapid sand filtration types are:

[ Standard-type rapid sand filtration
[J Rapid sand filtration, automatic backwashing type (by valve)
0 Rapid sand filtration, automatic backwashing type (by siphon)

Of these, standard-type rapid sand filtration requires high-level of technical skills in
adjustment of filtration volume as well as in operation control. Rapid sand filtration,
automatic backwashing type (by siphon) aso requires high-level of skills in operation
control and maintenance, due to a lot of devices used compared to rapid sand filtration,
automatic backwashing type (by valve). Rapid sand filtration, automatic backwashing
type (by valve) has a characteristic of easy operation control, and requires not so frequent
maintenance practices owing to less use of devices insde. The examination with
comparison of these 3 types is shown in Table A8.5. In consequence, the rapid sand
filtration, automatic backwashing type (by valve) shall be adopted in the Project.
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Table A8.5 Comparison of Filtration Types

Automatic Backwashing Type

Automatic Backwashing Type

Standard-type (by valve) (by siphon)
Raw water inlet | By valve or gate By weir and valve By siphon and adjusting weir
c Fi |trapon Flow meter and operation valve Movable adjusting weir Movable adjusting weir
& | velocity control
B Water level in the basin is kept Congtant filtration velocity by Same as the left
E Filtration constant. Constant filtration keeping required hydraulic head
velocity control | velocity by controlling valve with | through raising water level in the
mechanism flow meter towards thefiltration | basin when filter clogged.
clogging.
Backwashing By valve or gate Same as the | eft By siphon and valve
discharge
By the pressure of backwashing Responding to an increment of Responding to an increment of
2 pump or elevated tank, clear water | head-loss to the highest level by head-loss to the highest level,
'ﬁ in the storage washes out filtration | choking of filtration layer, inflow siphon is broken to stop,
2 | Backwashin g sand. operation of discharge gate lowers | drainage siphon works to lower
-é mechanism water level to drainage trough water level to drainage trough;
o level, then backwashing starts. backwashing starts automatically.
Backwashing water with head Backwashing water comes from
comes from other filtersin other filters with head.
operation.
Effective diameter: 0.6-0.7mm Same as the left Same asthe left
Filtration layer Uniformity coefficient: < 1.7

Layer thickness: 0.6-0.7m

Water collecting
device

Perforated block, strainer or
perforated board

Automatic washing type
perforated block

Automatic washing type
perforated block

Area necessary for
installation

Large areaincluding corridor for
maintenance and inspection is
needed dueto installation of alot
of kinds of big equipment.

No large areais required, due to
installation of pipes and gate both
for inlet and outlet.

Small corridor isrequired for the
installation of small pipes; and
comparatively large area for
inflow and drainage siphon,
including siphon operation space.

Construction cost

Height of filter structureisless
than 4.5m. Large clear water
conduit down to thefiltration
basin as well as the complicated
structure make construction cost
high. The different big-size
equipment is required, and their
control panels should be of high
standard.

Height of filter structureis around
5m with a simple design.
Construction cost isminimal. Only
three kinds of valves (for inflow,
drainage and surface washing) are
required in each basin. Two kinds
of pumps (for surface washing and
replenishment) and their control
panels are added.

Construction cost is small.

Height of filter is5.5m dueto
siphon structure. Some spaceis
required for siphon equipment of
small pipes, vacuum generator,
compressor and so forth; therefore,
construction cost ishigh. Although
these kinds of equipment are not
S0 big-size asin standard-type,
complicated siphon generating
unit, vacuum unit and their control
panels require complicated
operation and high cost.

Construction cost

* *
ratio 1.0 0.85 0.9
Ms_alntenance cost 10 0.8* 0.9*
ratio
High-level skills are needed in Operation required are only 3; Complicated siphon mechanism
flow control. inlet valve, outlet valve and for inflow and drainage composed
Bigger pump and backwashing surface washing device, easy to be | of many equipment require high-
valve make cost higher. controlled. level of technical skillsin
Totally high-level of skillsare Without complicated outflow operation more than the standard-
needed in O/M, and frequently. adjusting mechanism, no high- type.
Evaluation level of technical skillsisneeded. | The height is bigger, 30-50cm
Costs of both construction and deeper than the valve-type.
maintenance are small. Countermeasures to siphon

No frequent maintenance practice
isrequired dueto less use of
devices.

breaking noise and prevention of
freezing in the pipe are required.

0

0

o

Remark: *: Cost comparative factor towards Standard-type 1.0
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5. Coagulant

Coagulants are chemicals having functions to neutralise the charge of suspended and
colloidal particles in raw water, as well as functions to coagulate and form flocs. The

following are coagul ants possibly to be used in the Project:

O Solid Aluminum Sulfate (Alum) made in India
O Granular Poly Aluminum Chloride (PAC) made in Japan
[0 Granular Poly Aluminum Chloride (PAC) madein India

Table A8.6 Comparison of Coagulants

Alum PAC made in Japan PAC madein India
(Available Al,O; 15%) (Available Al,O; 30%) (Available Al, O3 30%)
Unit price
(NRs/ton) 17,000 176,700 40,000
Surface Water 18 Surface Water 5.4 Surface Water 6.8
(Rainy Season) (Rainy Season) (Rainy Season)
Feedl ng(rr?g‘il) Surface Water 13.8 Surface Water 4.2 Surface Water 5.2
(Dry Season) (Dry Season) (Dry Season)
Groundwater 50 Groundwater 12 Groundwater 15
Annual
consumption 150.2 43.6 54.3

volume (ton)

Difficult to dissolve (necessary
to be crushed into small
pieces).

Concentration of solution isnot
constant (Optimal feeding rate
shall be determined every time
after Jar-test).

The coagulation range being
wide from pH6 to pH9, the
effects are not lowered, even in
low temperature and low pH.

Foreign currency must be
allotted in the procurement, and

itisnot easy.

Coagulant effects are 20% to
30% lower than PAC madein
Japan. If the feeding rateis
increased, the same effects be
appeared.

Compared to Alum, the
dissolving and feeding

Problems and operation is easy.

evaluation Flocculation effects become Feeding control is easy, and
less below around 100  of costs of operation and Unit priceislower than PAC
water temperature. maintenance are small. made in Japan, and operation

and maintenance costs are also

pH of raw water islow and small.
highly corrosive, so feeding of
alum makes pH further low.
Therefore, akaline agent
feeding is indispensable.

Annualy 2,553,000 (Alum)

required cost | 3,070,000 (NaOH) 7,669,000 2,080,000

(NRs) Total: 5,623,000

Note: 1 NRs=¥1.5

In water treatment, an appropriate control of coagulant feeding is the most imperative.
Without proper feeding control, water treatment functions cannot be displayed, and safe
and hygienic water not supplied; fundamental objectives of waterworks not being fulfilled.

The attainment of Project Objective is dependent upon the proper operation of the water
treatment plant; whether or not its functions displayed properly. In this consequence,
PAC made in India shall be used in the Project, because of its precise and easy feeding
control characteristics aswell as comparatively excellent nature in the performance.
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Sterilising Agent

Similarly to the coagulant, an appropriate sterilisation is indispensable in the fulfillment of
the fundamental objective of waterworks in supplying safe and hygienic water. In
sterilisation, residual chlorine shall be kept around 1.0 mg/l through controlling the
sterilising agent feeding operation, in which required are safety in handling as well as
easiness and preciseness in control.

The commonly used chloric agentsin sterilisation are:

O Chloric gas
O Sodium hypochlorite (solution)
[0 Bleaching powder

Of these, chloric gas is stored in the cylinder, not manufactured in Nepal; high-pressure
cylinders filled-up in India are transported. Partly for the reason of danger in handling,
chloric gas was placed out of examination in the Project.

Also, sodium hypochlorite (solution) is not manufactured in Nepal; the solution has to be
transported from India, or otherwise the generating device for electrolysing salt water shall
be used. This kind of sodium hypochlorite generator was introduced in the Mahankal
Chaur Project. Toward the generators, unit maintenance cost including the electrode
replacement shall be counted.

Currently used bleaching powder in Nepa is of unfavourable quality; loss in the
dissolution process is high, and making solution of a fixed concentration is difficult. The
concentration cannot be identified easily, and the feeding control based on the identified
concentration requires high-level of technica skills, with the current technica level of
NWSC personnel, an appropriate feeding control would be difficult.

Operability, maintenance costs, and other costs of sodium hypochlorite (generated) and
bleaching powder are indicated in Table A8.7.
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Table A8.7 Comparison of Sterilising Agents

Bleaching Powder Generated SH Generated SH
9 (New Generator) (With Electrode Replaced)
Country of procurement India Madein place Madein place
Effective chlorine 15% 1% 1%
Unit price (NRg/ton) 15,000 21,648 21,648
Repayment for equipment
(NRe/m?) 0.031 0.108 0.015
Inspection and 0.021 0.030 0.030
&~ | repair cost
oS E
E @ | Chemicascost 0.352 0.038 0.038
—Z
2 g |Labor cost for 0.197 O O
3 g dissolving
Q
S -
g | Maintenance cost
p= § | of eectrode O 0.154 0.154
Oz
Total O/M cost 0.570 0.222 0.222
Total cost per 1 m®
(NR/m?) 0.601 0.330 0.237
Difficult to dissolve and Feeding operation iseasy, | Feeding operation is easy,
concentration of solution is | and O/M cost is low. and O/M cost islow.
not stable.
Derived of sdlt, Derived of salt,
Dissolving operation is transportation is not transportation is not
Problems troublesome, and feeding | dangerous. dangerous.

operation requires high
skill.

Electrode shall be replaced
every 4-5 years, requiring
allotment of foreign
currency.

Electrode shall be replaced
every 4-5 years, requiring
alotment of foreign
currency.

From the above examination, the generated sodium hypochlorite is desirable, because of
easy and precise feeding control characteristics as well as the maintenance cost being 1/3
that of bleaching powder. However, an anticipation was hold, relating to technical
guidance and spare-parts procurement in electrode replacement.
spare-parts might be directly ordered to the manufacturer by making budget arrangement.
Notwithstanding, unless this is further secured, bleaching powder shall be used in the
Project, though feeding control being difficult, but safer than chloric gas.
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7. Drainage Treatment

The drainage water and dudge discharged from the water treatment plant composed of:
discharging water from the rapid sand filtration basin, and sludge from the sedimentation
basin. The generating volume of drainage and dudge is equivaent to, as shown in Table
A8.8, 3.8% of the maximum water treatment amount. These discharging water and
sludge will not contain pollutants; and environmental impacts will not be so heavy even if
adelusive discharge method applied. However, owing to raw water bearing intake cost, a
considerable amount of supernatant water shall be returned for the reuse as raw water,
thereby reducing the cost of intake. Settled and concentrated sludge shall be disposed,
after arrangement of its content for carrying away on drying bed, in view of maintenance
ease and cost-effectiveness not using electric power.

Table A8.8 Drainage and Sludge Volume

Water treatment amount (Daily maxi mum) (m%day) 21,700
Sedimentation basin sludge (1 basin/day) (m¥/day) 90
Volume
of Rapid sand filtration basin drainage (4 basins/day)  (m*/day) 730
Drainage
Total (m%/day) 820
Weight of dried sludge (ton/day) 0.68

Table A8.9 compares maintenance costs between the direct discharge to the river without
reuse and the recycle use of supernatant water.

Table A8.9 Cost Comparison between Direct Discharge and Reuse
(Unit: NRs Million)

Direct Discharge Reuse of Supernatant Water

Discharge equipment 0.20 | Supernatant return equipment 0.38

Annua Amount | g 4ge and drainage basin (400 m®) 058 | Sludge drying bed 0.13
of Repayment for ] ] ] 3 o )

Construction Drainage retention basin (430 m) 0.62* | Sludge transmission equipment 0.13

Sludge/Drainage basin (400 m”) 0.58

Maintenance Intake cost of discharge water 0.66 | Water return cost 0.09

Cost Discharge cost 0.05 | Sludge disposal cost 0.18

Total 1.49 1.36

2.11**

Remarks. (1):* : Cost of retention to avoid the time zone (daytime) of river use.
(2):** : Total in case retention cost (*) added.
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