RELIMINARY DESIGN OF MORAGAHAKANDA DAM

ANNEX -K






ANNEX - K

PRELIMINARY DESIGN OF MORAGAHAKANDA DAM

TABLE OF CONTENTS

B | Page
K.1 SUITABLE LAYOUT OF MAIN STRUCTURES .........ocoooviin Ko
K.2 DESCRIPTION OF RESERVOIR, DAM AND POWER
FACILITIES . eeeteeeeeeeeeeeterareeee et iseeassssaessessassseaaasseeaaesens K-4
LIST OF TABLES
| . Page
_Table K.1.1 COMPARATIVE STUDY OF SECOND_ SADDLEDAM .. .cvviviiinnns K-9
Table K.1.2 COST COMPARISON FOR ALTERNAT IVE LAYOQUTS
OF MORAGAHAKANDA DAMS K-10






_ANNEX K | IB&I};&LIMINARY DESIGN OF MORAGAHAKANDA

K.l 3 SUITABLE-LAYOUT OF MAIN STRUCTURES

As deecnbed in the ANNEX I, the optimum scale of dam and power station was
formulated to have the reservoir HLW.L, at EL, 195 m and an installed capacity of 26 MW,

A comparative study was made to seek the most suitable layout of the dams and other main
structures’ accordmg to the following conditions and criteria:

- The selection of the most suitable layout was principally based on the construction
- COSt mmnmzanon criteria,

- Alternatwe layouts Were kept to have HW.L at EL.. 195 m and mstdlled capacity
of 26 MW,

- Alternative layouts were prepared in conformity with the design criteria as
-mentioned in Note IIL.1. The work qmntmcs were calculated based on these
layouts design, and

- The unit prices for cost estimate are referred to in ANNEX-L.

The project has three dams, consisting of the main dam, the first saddle dam and the
second saddle dam. Prior to the overall comparative study of the dam, a comparative study
for the second saddle dam was made to obtain the most suitable dam axis due to the
following backgrounds: The UNDP FAO Master Plan has proposed to have the dam
layout, consisting of concrete gravity type for the main dam providing the spillway in the
middle part; rockfill type for the first saddle dam and earthfill type for the second saddle
dam. In this plan, the saddle dam has the unfavourable alignment of dam axis protruding
toward downstream. In addition, rock materials were found in a close distance for the
damsite. In these new findings, the review for dam axis and type was required.

In order to select the most favourable dam axis and sultable type, three alternative
lines including the UNDP/FAO proposal as shown in DWG.PLD-01 were compared as the
first step. These alternatives tentatively took rockfill type dam. As the further step, a
comparative study on dam type was between rockfill and earthfill types for the most
favourable dam axis obtained in the first step.

Table K.1.1 shows the results of the comparative study as the first step. As seen in
this table, the least cost alternative was given to Alternative B, in which the dam axis is
laid .on 200m downstream of the UNDP/FAQ proposal. Further; the result of the
comparative smdy on dam type revealed that the rockfill type would be more economical
than earthfill typc in the second saddle dam, as shown in Table K.1.1.

F or formu!auan of the most sultable layout and other main structures, the following
four alternative layouts were selected:
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Altermtwe I (Refer to Pl D 02)

This ’tltematwe layout was: proposed by the UNDP/FAO The dams coxxslst of the
main dam of concrete gr'wny type plowdmg the splllway, and the first and second
saddle dams of rockfill type. The power station was, Taid out at the foot of the main, .
dam. The construction was planned to commence on the right bank by coffering the
Amban Ganga in the earlier stage and then on the’ left bank after provmon for

| bypassing the river on the mght bank would be ready

Altetmtlve 11 (Refer to Pl D 03)

This alternative comprises’ the main dam of rockf:ll type, the first saddle dam of
concrete gravity type arranging spillway, the second saddle dam of rockfill type
and power station located at the foot of the first saddle dam. The dwersmn canal is
excavated along the valley of the first saddle dam for construction. - By this
diversion cannel, the construction will become far easier than that of Alternative I in

view of the followmgs

- The 'constnsctioll of dam foundation can be made'in dry and ‘spacious conditions.

- Uncertainty of waler_tighmess in river deposit involved in coffering of the Amban
Ganga in Alternative T will be dissolved or the countermeasure can be taken for
easier. -

- Adjustment ag'unst delay inthe works and quallty control wﬂl be made ea51er and

lT.IUCh quleker than those f01 Altem‘itlve L

Further there is another mierit that countermeﬁsure agamst unexpected Seepage.
through dam foundation would be taken easier in concrete dam than in rockfill dam,
even if it would happen through hmestone strata on the left bank of the fnst saddle
dam. : : -

Alternative 111 (Refer to PI.D—O4)

‘All dams are of rockfxll type, and the spﬂhng way w111 be constructed on the ridge

between the main and first saddie dams. Two' tunnels with 12 m didmeter were
planned on the right bank for nver diversion and one of them will be utlllzed as thc
waterway to the power station, : :

' Altcmauve IV (Refer to Pl D 05)

This dlternanve has the same dam layout as Alternatlve I, consmtmg of three
rockfill damis, but the axis of the main dam was moved up and the first saddle dam
was moved down. The spillway will be provided on the hill slope between the
main and first saddie dams. The diversion tunnels are driven into the ridge on the

- left bank of the main ‘dam’ and‘the power station is located on the left bank

downstream of the main dam utilizing one diversion tunnel: ‘The layout entails
shorter tunnels than Alternative-and consequently smaller construction cost.



~“The result of comparison among the four Altematives is tabulated in Table K.1.2,
which indicates that Alternative 11 is the least cost alternative.



K.2 DESCRIPTION OF RESERVOIR DAM AND P()WI:.R FACILITIES

As mentloned in the precedmg section K 1 the reservou‘ hlg,h water and low watcr
levels wore set at BL.195,0 m and EL. 170.0 m respectively, The reservoir surface arca at
H.W.L. will be 39.1 km?2. ' The teservoir will provide an effective qtomge capacity of
686 MCM with a 23 m dr awdown between H.W.L. and L.W.L.. The dead storage below
L.W.L. will be 217 MCM ‘which ‘will be enough to store sedlmentmon flow drown from
the upstream reachers for 100 years peuod The reservoir will allow a surcharge of 0.6 m
above HW.L. with 22 \/ICM for flood control. ‘When the design flood with 4,650 m3/s of
peak discharge inflows into the reservoir, the outflow peak discharge from the qplllw¢1y will
be reduced to 3,400 m3/s by the above surcharge ACCON dmg to the flood routine calculauon

The structures of the project consists of the cml structures such as the main, flrst
saddle and second saddle dams, spillway, power intake, penstock line and powerhouse
with outdoor switchyard, hydro-mechanical structures of gates and penstock generating
eqmpment and transmission lme

(D Mor'igahak'mda Dams

The main dam 1o be constructed on the Amban Ganga is of centre cored rockﬁll

type with 72 m in height and 490 m in crest length. The dam crest was set at

EL. 199 m with 4 m freeboard above IL.W-L. and the crest width was taken at

10 m. The slopc of embankment was designed to be 1: 1.8 for upstream surface

and 1:1.6 for downstream surf’tce The total embankment voiume was cstnmted at
- 2.43 MCM. -

The ﬁrst saddle was dcmgned to bc of concrctc grav1ty type having 62 m in height
and 396 m in crest length.. The dam crest- with 6 'm in crest width is placed at
EL. 197.5 m having 2.5 m freeboard above HL.W.L. The dam has the surface
slope being 1:0.05 in upsiream side and 1:0.75 in downstream: side. The total
embankment volume is 376,000 m3. The spillway, river outlet facilities and powcr
facilities are prov;ded in this dam.

The second saddle dam is of centre-cored rockfill type, having 42, m in height and
490 m in crest length, The dam crest is at EL. 199 m and 10-m in Tength, The
slopes of upstream and downstream surfaces are 1:1.8 and 1:1 6 respccuvely

The spillway is ocated i in the middle portion of thc first saddle dam in thc direction
of the diversion canal. The discharge capacity is 3,400 m%/s at 0.6 m surcharge
water level above H. W.L, against the peak flood inflow of 4, 650 m3 with 1.2 times
of 200 years probable flood as mentioned i in the above paragraph. Four sets of
~ radial gate with 8 m in‘height and 17.5 m in clear span are installed on the overflow
crest at EL. 187 m. Each gate is opcrated by a motor-drivén hoist to be installed at
the top of concreté pier, The chuteway is placed on the downstream face of the dam
guided by concrete side walls. The stilling basin is provided downstream of the
dam, in order to dissipate energy of jet flow. : S



(2)

- Three scts of river outlet facilities are furnished in the spillway section of the first

saddle dam. The total discharge capacity throu gh the outlets is more than 56.6 m /s

“at LWL, These facilities was designed to be operated when operation of the

power station is shut down or when water release to the downstream reach is

.rcquircd more than the maximum powerplant discharge. Fach set has a fixed
- trashrack with.3.5 m square at the inlet, a ring follower valve and a jet flow valve

with 1.5 m in diameter.. The center line of the outlet was set at EL. 165 m. A steel

_pipe of 1.5 m inside diameter is embedded in the dam. The operation is made by a

motorldriyen hydraulic system to be installed in a gallery in the dam body.

The geology in the dam site is classified principally into gnessic rock group and
calcareous rock group. The gneissic rock group is composed of quartzuféldspar
gneiss, charnockite,granulite etc., and the calcareous rock group is composed of
crystalline limestone and calc gneiss. The boundary between them is sometimes not
clearly distinguishable because of gradual and continuous variations. There is,
however, no special geological problem in the dam site except possibility of cavity
or opening in the calcareous rock, since geological conditions show fairly hard,
solid and water tight in fresh rock under the overburden of 6 m to 12 m.

Power Facilities

Two sets of power intake are provided on the upstream face of the non-overflow

- section of the dam located on the left side of the spillway. The maximum discharge

for each intake was designed to be 56.6 m3/s. A fixed steel trashrack is installed at
the bell-mouth inlet, having 6 m high and 6 m wide on each intake. The center line
of the intake was set at EL. 164 m.

Two lanes of steel penstock are installed and the inside diameter of penstock pipe
was determined at 3.9 m in the upper portion and to be reduced to 3.2 m at the
powerhouse, according to the economic analysis. The total length of each penstock
is 87 m.

The powerhouse is located about 84 m downstream from the first saddle dam. It is
of reinforced concrete, having 32 m in height, 27.8 m in width and 41 m in length.
The space of powcrhouse is provided to accommodate two units of generating
cquipment,

A complete set of generating equipment consists of vertical sheft Francis turbine of
26 MW at rated head of 54.8 m and maximum discharge of 56.6 m3/s, an
alternating generator of 30 MVA, control gears and auxiliary equipment. One unit
of main transformer of 30 MV A is installed behind the powerhouse and switchgears
are equipped on the outdoor switchyard.

The tailrace channel is located adjacent to the stilling basin and protected by a guide

wall against from violent flood flow protruding from the stilling basin. Two sets of
roller gate with 3.5 m in height and 3.6 m in width are provided at the end of draft

K-5



tube and opelated by a gantry crane to bc 1nqt'111ed on the platfox m in f: ont of the
' powmhouse :

The layouts plan 'md sect:ons of the structuxes 'u*e exhlblted in Plates No 7 to 15.

A132kV smgle circuit transmlssmn lme is constmcted between the Mmagah'lkanda
power station and the junction with the existing Bowatenne- Ukuwela line at ‘the
Bowatenna power station for dlstance of 16 km ‘The transmission lme route is

shown in Plate No. 6.



Note : Design Criteria of Dams for Alternative Study

(1)

2)

@

@

" Freeboard:

* The following foﬂnul_a are applied, and the bigger is taken as the frechboard:

H1 hw +he + ha + hi, or

ft

H2 = hw+ha+hi+Ah

‘where, H1, H2: Freeboard above normal high water level

hw : Height of wind due to wind, includiﬁg up-rushing on slope of
dam

he : Height of wind due to earthquake

ha: Allowance against mis-operation of spillway gates
{(usually 0.5 m)

-+ hi: Allowance for type of dam
(1.0 m for fill type and nil for concrete dam)

Ah; Surcharge froﬁl'high water level against design flood
In this project, the following are adopted in the calculation:
Wind velocity {10-min average) = 20 my/s

Fetch dam = 9 km
Seismic cofficient = 0.05

Design Flood:

For spillway design : 1.2 times of 200-year probable flood both in peak
' discharge (4,654 m3/sec) and total run-off of 348 MCM.

For river divérsion 2,500 m3/sec of 20-year probable flood during flood

during construction : season and 570 m3/sec (recorded max) in dry season

from April to October.

Excavation line for foundation of dams: to be drawn according to geological profile. -

Embankment materials: Borrow area and rock quarry as shown in the drawing.
Engineering properties of the materials for stability analysis of dams are as follows:



Density. Cohesion  Internal

Specilic. | Water

Unit - % 3 thed ym? /m3 | .l/mz ' deg
Imporvions 266 23 16l 195 200 100 20 17
material _ _' A : _ . .
Filter material 2.62 60 180 . 19 .2.11 N ) - l'. 3.0
Rock material 2,70 2.0 1.80 1.84_ 213 1..13 ' _' oo © 40

(5)  Stability .umlye.ls of dams: In the comparfttwe study stage, section of dams 18
exarmined as follows: -

1)

Stability of upstream stope of fill dams shall be of the safety factor not less

than 1.2 against rapid drawdown of reservoir surface and the normal water-
level plus earthquake movement, and downstredm slope of fill dams against
the normal waterlevel phls earthquake

Section of concrete gravity dam shall be decided in a condition that no tensile

‘stress take place against the normal high water plus earthquake 'md the flood

water-level.
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Table K.1.1 COMPARATIVE STUDY OF SECOND ‘SADDLE DAM

Item

Alternative A Alternative B Alternative C

.Cfesﬁ'ﬁi. (m)7'

L: . Unit price is as follows:

US$%4.9/m3 for foundation
115%7.3/m% for embankment

2 : 199 199 199
Crest Width (m) 10 10 10
pam Height (m) 42 41 29
Crest Length (m) 320 490 630
'wcrk”Quéntitieé
- Embankment excavation (m3) 181,500 177,100 243,000
Embankment (m3) 498,700 430, 600 53¢, 500
Core zone 141,800 139,300 144,800
Filter zone 50, 400 50,700 72,100
Rock zone 306,500 240, 600 313,600
Construction Cost {(USS 103) Ll
Foundation excavation 889 868 1,191
Embankment 3,641 3,143 3,873
Total . 4,530 4,011 5,064
Remark :
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ANNEX-I,  CONSTRUCTIN PLAN AND COST ESTIMATE

L.l CONSTRUCTION PLAN AND TIME SCHEDULE
L.l Implement_ation.Schedule'and Mode of Construction

Thc‘ qetailed'-s_m‘i.rcy'and design as well as preparation of tender documents will be
commenced in-1989 as soon as the financing arrangement is made. The time required for

implementation Vof the whole project is estimated to be 7 years starting from 1989 through
1995 as shown below: '

Stggc Schedule Period

Pre-construction Activities :
* (1) Financial arrangements 1988-1989  One (1) year

(2) Detailed survey and design 1989-1990  One (1) year
(3) Tendering and contract 1989-1990  Six (6) months
Construction
(4) Dam & power station | 1990-1994  Four (4) years
(5) Agricultural development
- Rehabilitation of the irrigation | 1990-1994  Four (4) years
—'Maih and branch canals of new irrigation system  1990-1994  Four (4) years
- Downstream development 1990-1995  Five (5) years
- Social infrastructure 1990-1995  Five (5) years

Operation & Maintenance
(7) O&M for the completed facilities 1994 onward -

The MASL will be the executing agency for implemenation of the Project. The
construction works will be conducted by contracts through the international and local
competitive tenders in compliance with the Government regulations or guidelines.
Required fund for the implementation of the Project will be covered by the national budget
and supporting loan from donate countryfies or agency/ies. The construction works will be
conducted by the selected contractor/s divided into the following seven (7) lots.

International tender basis

Lot No.1. Dam (main dam, Ist and 2nd saddle dams), spillway, powerhouse and
switchyard. :

Lot No.2. Metal works. Supply, installation and testing for gates, penstock,
_ valves and accessories.



Lot No3,  Generating equlpment Supply, installatioft and tesnng for tur bme '
: generator and auxiliaries.

Lot No.4.  Construction of newland, rrigation and drdmﬂge canals with relatcd
structures and hcadwmks for system A/D including on-farm works.

Local tender basis

Lot Na.5. Consn uctlon of nanc;n‘nqslon lme Supply, erection and testmg

- Lot No.6, - Relnblhtauon works for emstmg uugatlon facilities including on-farm .
works. .

Lot No.7. So_cml mfastmcture
L.1.2 Basic Considerations

In studying the constructmn pian and schedule, the followm,g, basic conditions and
'1ssumpnons are considered: :

- Constructlon will be carried out by connactor/s in modcrn mcchamzed
construction method within the planned period: stipulated in the 1mplcmcntatmn
schedule

-~ Conventional method and type of equipment will be applied principally, giving
consideration to the local co'ndition.

- Annual workable day is estimated at 200 days as follows excluding core
embankmcnt of main and 2nd saddle dams which is assumed to be 150 days

Sunday and national holidays L 7 5_ days
Work suspend due to rainfall 90 days
Total - i 165 days

- Hourly production rate of equipment is estimated to meet with the site conditions
according to the following swell and shrinkage factors of materials:

Material - : Loo_sefB ank  Embank/Bank

Common | _ 125 ' - 0.88
Sand and gravel 1.15 1.02

Rock : - 1.60 115

Production rate of major equipment is shown in Table L..1.1



L.1.3 Preparatory Works:

Prior lo the commencement of main civil construction works, substantial

preparatory works will be required to carried out. Major items for those works are
considered as follows:

- Dam and power station site: Access and construction road including bridges,
temporary buildings, power and water sapply system and communication system.

- Irrigation development site: Access and construction road including bridges,
temporary buildings and communication system, |

Brief explanation is given hereunder,
(1)  Access to the Site

The Katunayake International Airport situated at about 25 km in Northern part of
Colombeo is aceess to the project site by air.

The Colombo port »'yi'l'i be utilized mainly for handling of the cargoes fequircd for
implementation of the project. The port has four (4) berths with the following

dimensions:

Berth Length (m) Draught (m) Crane Facility
QeQ4ft 150 11.0 30t x 1set
QeQ5L 275 12.0 35.5t x 2 sets
No. 12 300 12.0 35.5t x 2 sets
No. 202 332 13.0 35.5t x 2 sets

Note: ﬂ : Queen E_lizabeth Quay
2 New Container Terminal

The port has also loading and unloading equipment. Major one is listed as follows.

Forklift : 2.5t to 42t class, 43 units
Mobile crane : 351 class, 14 units

Trailer : 20t to 30t class, 103 units
Pritne movers 36 units

Existing roads are available to the site. The following route is recommendable to
access lo the site.

Colombo - (Highway Al) - Ambepussa - (A§) - Kurunegala - (AG)
- Dambulla - (AG) - Habarana - Irigation site
\_ (A9) - Naula - (Rural) - Dam site
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Distance is about 2()() km between Colombo- and dam site by the route menuoncd
above

"The 1oute, Al, A6 'md A9 are mamt'uned falrly by the Mmlstty of nghways "No

improvement or protection for those routes will be required for irnplementation of
the project. The rural road branched-off from Naula (A9) to the dam site will be
required to 1mprove in about 2 to 3 km excludmg relocanon pmuon of that rural
road. :

Construction Road

Haul road is required to be constructed newly at the dam site, especially for the
rockfill dam construction. Total length of new haul road is estimated at about
10.0 km in total for the transportation of embankment materials and otherﬂ: as
follows: :

Quarry {Q) -Damsite @ 20km
Quarry (QIT) -Damsite LOkm
Borrow area -Damsite 1.0 km
Sand and gravel borrow - Damsite 1.0 km
Others ' : 5.0 km

- Total | 10.0 km

Existing rural roads will be used upon improVemént for the construction works of
irrigation development site of 62,200 ha. Existing bridges will also be protected.

Temporary Buildings and Yards

Temporary buildings and yards are required to provide at the project site. Those
buildings will be provided at dam site and irrigation development site séparately:
The arca requued for buildings and yard are estimated at about 6,600 m? and
55,000 m? m in total as classified below.



Area for Temporary Buildings & Yard

Unit: m?2

Description ‘ Dam SitefL Irrigation Development Sitc/2
| Building - Yad Building Yard
1, - Office for contractor 2008 500 2004 500
2. Quarter for contractor 40046 800 30046 600
3. Material warehouse 500 1,000 500 1,000
4. Ceément warchouse 500 1,000 200 400
5. Motorpool & repair shop 300 5,000 200 4,000
6. Batcher plant w/stockyard - 10,000 - -
7. . Crushing plant w/stockyard - 20,000 - ' -
8. Laboratory . 50 150 30 100
9. Others 150 - 750 150 750

Total = C2,100m? 39200m? 1,580 m2 - 7,350 m?

Note: /1: Proposed area is left bank terrace between damsite and Elahera

{2: Proposed area is in and around Migaswewa v111age in System D
located near the project center

{3 Office for Contractor Lot 1,2,3 & 5
4 : Office for Contractor Lot 4,5,6 & 7
/5 Quarter for Contractor Lot 1

{6 Quarter for Contractor Lot 4 & 6

4 Power Supply System

The electrical power required for the construction usage is estimated as follows:

Unit: kW
. Irrigatio

Description DamSite 1.yl of;;mcn? Site
(1) Office 50 50
(2) Quarter 100 100
(3) Repair shop, Motorpool 50 50
{4) Batcher plant 100 -
(5) Crushing plant 800 _ -
(6) Gravity dam concrete placing facility 400 -
(7) Jobsite lighting 50 100
(8) Coohng plant 200 -
(9) Others 250 _ 100
Total 2,000 400




)

(6)

L.1.4
(1
(a)

An existing 33 k\f power line by the CEB (Ceylon Eie(,muty Bowrd) runs at the
dam site along the road which branched-off from the Bowatenna hydro-power
station. It is planned that the required electrical power for coristruction use at the

~ dam site w111 be supplied branc}ung from this line. - A new distribution line to the
‘dam site is estimated at about-0.5 km.. However, due to fréquent. power cut,

emergency diese} generators might be essential for the important places. Movable
type diesel engine generators will be provided for the power supply of irrigation

“development construction site.

Commu mcatzon S ystem

The Government's telecommmucanon departmcnt are servmg the pubhc telephone
lines in the major town or vﬁlage in the project area. Those lines witl be utitized for
the external communication upon extension of the line including telephone
exchanger system. Wireless handy talky will also be provided for the internal
communication in the project area, '

Water Supply System
Required water for consmlctmn usage w1ll be supphed by pump up system with
head tank and distribution pipes from the close river to the respective ‘work site.
The source will be the Amban Ganga for the construction works of dams and -
power-station. Deepwell will provide at respective camp site for the supply living
water of offices and quarters.

Construction Plan
Dam

General

Major civil work on this scheme is construction of 3 dams of which one main dam
and two saddle dams as featured below.,

He'i. y  Jmbankment or
Dam T Concrete Volyme
. o ype (m% in Total (m?)
- Main dam Centrecorerockfill 720 2,450,000
- 1st saddle dam Concrete gravity 62.5 376,000
- 2nd saddle dam Ccnter—corc; rockfill - 420 : 430,000

It will be basic conception that the construction of rockfill dams and gravity dam is
conducted concurrently after diversion of the Amban Ganga.The critical path work
will be the construction of the first saddle dam on this scheme.



~(b). River Diversion

(c)

- A diversion channel, diversion conduits and main coffer dam are planned to be

constructed for the river diversion of 3,000 m3/s peak capacity.

The diversion channel of about 1,000 ny long is constructed in the 1st saddle dam
section, and 5 sets of diversion conduits are also installed in the 1st saddle dam with
the bottom ElL of 137.5 to 143.5 m. Excavation of about 0.6 x 106 m3 in the
diversion channel will be carried out in the 1st dry season following to the

foundation excavation of the 1st saddle dam, using 30 tons class bulldozer with

ripper, 3._0_1113 class dozer shovel and wheel loader and 30 tons class dump truck.

The diversion conduits are embedding in main body of massive concrete of 1st
saddle dam. The main cofferdam is constructed within 2 months following to the
primary cofferdam construction, using the excavated materials at main dam
excluding the earthfill material which will be hauled from the borrow pit. Dump

- truck of 30 tons class will be used for the embankment of main cofferdams, The

di_vérs_ion channel and primary and main cofferdam will be constructed within one
dry season of 1st year of construction. The Amban Ganga will divert to the channel

following to completion of the primary cofferdam and the diversion channel in May

1991.
Main dam

The main dam is a center-core type rockfill dam with the crest length of 490 m at
ElL 199.0, 72.0 m high and the following embankment volume approximately.

' Impéwious core 720,000 m3
Filter : 190,000 m3
Rock : 1,540,000 m3

2,450,000 m3

- Major works required for the main dam construction are the forndation excavation

of about 0.6 x 108 m3, foundation treatment of about 17,000 m for grouting works
and the embankment work mentioned above.

Foundation of the main dam consists of the gnelissic rock group with cohesive
strength more than 25 kg/cm?,

All embankment materials, core, filter and rock, are obtainable in a close distance
from the dam.

The impervioué core material is available on a flat land of the left bank terrain in
about 1.3 km downstream of the dam. The materials for filter and rock are planned
to obtain at the quarry site (Q-1 & -11) with the distance of about 1.0 to 2.0 km from
the dam site. Proposed borrow pit and quarry sites are shown in Fig, L.1-1.



(d

The foundation okcav%tioo will be. carried out 'maloly by 30-tons class bulldozer
with ripper, and blasting method will be applied where the zone is unrippable. A

fleet for the ehcavatlon work will be ‘;lufted followmg to the- dwersmn channel

e}\cwatton

: Monthly progress is estlmmd at about 150 X 103 m3, Excavated maten'tls w1li bc .

used as the embankment material for main cofferd'lm, 2nd sqddle dqm Emd others as _

' far as posmble

: ’Ihc e*:plou.ltlon of qmmcs wﬂl be conducted by thc, bench cut method in about

3.0m hlgh fm C“l(}h bench.

“The cmbankmem work for thc 1mperv1ous core. wﬂl be controlled when the daﬂy.

rainfall be more than 5 mm. Rock and filter embankments are planned to carried out

: throughout the year, Esnmatcd yearly workable day is 150 and 200-days:for core,

filter and rock respecnvely Hydraulic type crawler drill is planned for the drilling

~ of blasting at the quarries. Loadmg at borrow. pit'and: quarries ‘will'be 3.0:m3 class
- dozer shovel and 5.0 m3 class whee! loader respectwely ‘Hauling work will be

cerried out by 20 tons ciass durp truck for core materials and 30 tons class dump
truck for filter and rock: materials. Monthly standard progress- 1s “scheduled at
85 x 103 m3 in bank measure for the main dam ombankmem work.

Groutin_g.works_of_ cOnsoiidat’ion, blanket and cur_tam aj"e pl_anned__to’ be-Cdnie’d out
in the dam foundation. The blanket grout will be done at 5 m intervals with 5 m in
depth under the core-zone. Grout holes for curtain along.the dam axis will 2 m in
intervals and 30 iy in depth, Groutmg works will be: conducted mostly advancing
and in parallel with the dam embankment.

1st saddle dam

The 1st saddle dam is a concrete gravity dam of 376 x 103 m3 in placement volume.
This is the critical path work of the pro;ect Spillway with four radial gates, power
intake and river outlet facilities are equipped in this Ist saddle dam Diversion
conduits is cmbedded in the dam. The dam is 62.5 hlgh and 396 i crest length at
El 197.5 m. A construction sequence for this dam construction is planned as
shown in construction time schedule of Fig. L.1 2 and eummanzed as below



S_tep L - ‘ Works

(1) (‘onstmcuon of temporary relocation for exlsnng road at 2nd saddle dam
L sxte

_ ( 2) I“‘oundduon excavation of 1st saddle dam including thc spillway portion,
(3 ‘Foundation treatment at the bottom portion of the dam,

(4)  Placement of the dam concrete until the bottom elevation of the river
diversion conduits.

(5 Installatlon of river diversion conduits

(6)  Re-start the placement of dam concrete, and continue to the crest of
E l 197.5 m.

Foundation excavatxon of about 310 x 103 m3 mcludmg the spillway portion is
planned to (,amed out in advance of the excavation of diversion channel due to the
critical path work by a fleet of equipment which will be 30 tons class bulldozer with
ripper, 3.0 to 5.0 m? dozer shovel and whec] loader and 30 tons dump truck.

The dam concretc is planncd to place using a movable jib crane with steel trestle
girder die to the topographical condition and economical point of view. The
placement period is scheduled at 41 months. Monthly average pour volume is
estimated at 9,170 m3, and maximum one will be approximately 13,700 m3
including losses. The following plam will be selected as the major concreting
facahnes _

Jib Crz'me ;
- Bucket capacity : 3.0 m3
Lifting capacity : 9.0 t
Required unit : 2 sets
~ Batcher Plant: _ :
- Produetion capacity : 50-60 m3/h
Mixer : 0.8m3x3 units
Required unit : 2 seis

A _30;t0n truck crane will be applied for the concrete placement beyond the range of
the jib crane.

A250 t/h of crushing plant is planned for the production of concrete aggregates, as
follows.

a)  Concrete volume, total : 376,000 m3
“b) Placement period - ' : 41 months
¢)  Monthly pour volume in average : 9,170 m3/month

L-9



{e)

2)

{a)

d) Moathly pour volume in maximum S SRR
(50% up of c)) - : 13,700 m3/month

¢) Daily average pour volume i in the month | -
for maximum pour

(20 days per month is 1pphcd) : 685 . mi/day
D Dtuly pour volume in maumum SRR
" (30% upofe)) _ 2 800 m3/day
) Hourly pour volumie in average S ; : :
(10 hours per day is applied) o . 89.0° m3¥h

h) Aggregate 1equned per hour T
(2.1 t/m3is apphed) : 190 th

Considering the aggregates for other structures and plant loss, a 2‘30 t/h capacity -
crushing plant will be selected.

'Pipe'coolihg system will be applied for.c_:urin g the pourec_l_coﬁcrete.
2nd Saddle Dam

The second saddle dam is a center- -core type rockfill dam having 42 0 m high,
490 m of crest length at EL 199.0 w1{h the following’ embanl\ment volume

Core 140,000 m3
Filter 51,000 m?
Rock 241,000 m3
Total 432,000 m3

Excavation, foundation treatment and embankment are major works required for
this dam construction. Foundation of the second saddle dam consists of the
gneissic rock and calcareous rock groups.

The sources of embankment materials for core, filter and rock are same to the main
dam. While, the same method and equipment to the main dam works will be
applied for the foundation excavation and treatment, cmbankmcnt and other works
required for the construction of the 2nd saddle dam,

It is scheduled that the consitruction of the 2nd saddle dam will conduct in later stage
of construction period from the economical view point.

Power Station
Civil works
An above ground type powerhouse having about 1,150 m? of floor area is planned

to be constructed in the left side toe of the 1st saddle dam closely to the spillway.
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| ‘This power: station is demgned by 2 units of 26 MW of which one unit will be

installed in the further stage (2nd stage). Major civil works is excavation and
(,onsu uction of substructure and superstructure,

: __Exuwatlon in about 120 x 103 m? mcludmg outdoor swztchyqrd will be carried out

()

©

(d)

by 20 tons class bulldozer, 2 m? class dozer shovel and 15 tons class dump truck in
a 4 month work period, Concrete placement in about 12,000 m3 for substructure
will be performed using 60 m3/h class concrete pump car. Super-structure works

“will be done followmg to the completion of substructure works. Overhead
~travelling crane is scheduled to install in March 1993,

Generating equipment

One unit of 26 MW vertical shaft francis turbine and 30.5 MVA generator are

installed in the powerhouse. Other than the main generating equipment, auxiliaries
such as overhead travelling crane of 120 tons capacity, storage batieries, power line
carrier telephone are planned to be installed. One set of diesel engine generator of
150 kVA (120 kW) will also be installed for emergency power supply. Installation
works of turbine’ and generator will be carried out using overhead crane mainly.

Diesel generator, ‘engine welder and truck crane will also be utilized for the

installation works. It is planned to complete in the middle of 1994 for all the
installation works of generating equipment.

Transmission line

The proposed 16 km transmission line of 132 k'V with single circuit is constructed
between the Bowatenna and Moragahakanda power station. The line will be
connected directly to the Bowatenna Ukuwela line near the Bowatenna power
station, Required major works will be jungle clearing, tower foundation and
erection and stringing,

Major équipmcnt for the erection will be truck crane, winch and engine welder.

Erection work is planned at 9 months.

Hydromechanical works

The following hydromechanical works are required at for Moragahakanda dam and
power station. Those are installed in the 1st saddle dam:



Items |  Quantity.  Total Weight

- prllwwy gates & llOlStS . - dsets 560t
- Gate, hoist & screen for diversion (,ondult - lset 49 1
- Closing gate for diversion condnit ' 4 sets : St
- River outlet facilities (screen ring follower vaives, ‘ ' _
jet flow valves & steel pipes) - 3osets: 268t
- Intake gate, hoist & screen ' - 2sets 66t
- Steel penstock : o 2 lanes - 2551
- Tailrace gates & hoists B : 2 sets 37t
Total S _ - 1,290t

Thc erectlon works will be conducted in about 12 months work perxod in hter stage
of constriction period. Jib crane for dam concrete placement and truck cranes will
be used for-the, mstal}anon of gates, valves, penstmk and other facilities of metal
works. Major plant and equipment required for the construction of dams and power
station are tabulated in Table L.1.2,

(3} In‘igation Development
(a) General

The irrigati.on area of Moragahakanda agricultural 'de:\-relo;)mem project has been
worked out specified as below. ' :

Scheme Area (ha) - Scope of Works
- Ex;stmc area 40,000 Réh_abi_litation works includiﬁg on-farm
- Moragahakanda Newland 13,900 Newland development including on-farm
- Associated scheme*! 8,300  (No work is requred) :
Total ' 62_,2’00 _

Note : *1: The area which was proposed to be dcvcloped newly by othcr project
finance, but the irrigation water will relase by the Moragahakandq
TESErvoir.

The soopc of works is briefed as follows:



Scope of Works Work Items

~Quantity
- Rehabilitation includ- (1) Civil works
ing on-farm works - Barthwork 1 lot
- for existing arca ~ Canal lining 1 ot
- Structures 56 nos.
(2) On-farm works 38,100 ha

- Newland development (1) ‘Construction of new irrigation canals 145.2 km
' (2) Construction of new drainage canals  91.4 km

(3) Headworks for System A/D 1 lot
{4) Structures to new irrigation canal 400 nos.
(5) On-farm works 13,900 ha

The construction works will be conducted concurrently both for rehabilitation
works and newland development including the on-farm works.

It is noted that "land setilernent” works are not reated in this ANNEX-L.
(b) Newland development

The proposéd construction works for the Moragahakanda newland of 13,900 ha are
tabulated as follows:



Summary o_f Work Quantity for Newland Development

Work Items - o Dl S\g;cm — AJD ' -'Tot;ll
(1} New irrigation canal 582 km 528 km- 342 km 1452 km
(2) New drainage canal - 441 km 325 km 148 km 914 km
(3) Related Structures ' B
) Aquedict - © 3 mos. - 6mos. . 9nos.
" 9) -Cross drain 6 km - 6 nos. 12 nos.
' 3) Drainage inlet C9km - 5 nos.  14-nos.
4) RBridge : ‘56 kmt . 45 nos. 40 nos. 141 nos.
5)" Turnout : 39 km 11 nos. 22 nos. 72 nos.
6)  Division structure _ 4 km 4 nos. -~ 4 nos, - 12 nos.
7) Check gate 21 km 7 nos, 13 nos. 41 nos.
8) Water méasuring device 6 kin 5 nos. 3 nos. . 14 nos.
%) Drop : ' 24 km 2 nos, .6 nos. 32 nos.
10) Spillway ahd waterway . 4 km E 2 nos. 2 n0s. - 8 nos.
11)  Washing and bathing place 18.km- . 16 nos.. 1l mos. 45 nos,
- (Sub-Total) 187 km 95 nos. 118 nos. - 400 nos.
(#) Headworks* - - 1ot
(5} On-farm works 0,100 ha 2200 ha 2,600 ha 13,900 ha

Note *: Head works for Kalu Ganga Tank, Yodo Ela Anicut and Kale Ganga Anicut.

Major work items with tonnage volume of work guantities for the newland
development are excavation and embankment both for irrigation and drainage canals
and construction of related structures to the irrigation canals with the following
volume. ' '

.I'n'iga.u'oh Canal Draiange Canal Total
Excavation® 1,340,000 m3 ~ 2,920,000 4,260,000
Embankment 2200000 m? 3,120,000 - 5320,000

Related structures 400 nos. : - . -

Note *: including stripping of 400,000 m3 and 340,000 m3 for irrigation and
drainage canal respectively. '

It is planned that excavated materidls are to be used as the embankment materials for
the canals with minimization of hauling distance as far as possible. Shortage
volume of embankment materials in about one (1) million m3 in bank measure will
be obtained from borrow in the project area.



‘The construction works for the

canals, structures and on-farm (downstream

development) works will be conducted concurrently throughout the year.

- However, those works willﬁbe accelerated in the dry season, especially for the on-

)

cofferdams daring low water level.

farm works.  Headworks will be carried out in dry season providing the temporary

Mechanized works will be applied for the new canals construction and related

stractures. The canals construction consists mainly of excavation and embankment
will be conducted by using bulldozer, dozer shovel, backhoe, dump truck, motor

scraper, tamping roller and vibration roller. Swamp type bulidozer will also be

uiilized for excavation of low contact pressure land. Backhoe and dump truck and
portable type concrete mixer will be used mainly for the structure construction
works. - Diesel pile hammer will apply for driving the foundation piles. Headworks
will be conducted in dry season providing cofferdams which will be constructed by
sandbags with earth materials. On-farm works are planned to be conducted by
combination of manual and equipment forces, Jungle clearing and rou gh levelling
are performed by bulldozer, and construction of small ditch with structures are
carried out by manual power. :

Rehabilitation works

The proposed rehabilitation area for existing irrigation facilities is 35,100 ha in
Systems D1 and D2. Required works are categorized as rehabilitation of (i) canals
(ii) structures (iii) anicut, and (iv) fields (facilities and on- farm) with the following
scale:

(1) Canals

1) Erahera-Minneriya Yoda Ela (9.7km - 31.4km) 21.7 km
2) Kadula H.L..B main & branch (No.1) canals 16.4 km
3} Parakrama samudra D1 main & branch canal 33.5 km
(2) Structures L.S.

_ Brid ges, measuring devices, gaies & others
(3) Angameddilla Anicut (Amban Ganga) L.S.
(4) Fields (facilities & on-farm) 38,100 ha

- Irrigation & drainage facilities, water measuring devices,
farm roads and others

- On-farm works

Majbr iterns for this rehabilitation works are concrete canal lining about 25,300 m?3
and on-farm works of 38,100 ha. Equipment power will be applied for those
works concentratedly, with the following conception of construction execution:



‘Work Category - Mothod for Execution; -

- Barthwork ~ - S M.mualpoWer‘su‘;‘)jj:ér'ted"by light elﬁes ecjuipmenf

- Canal lining -~ Equipments supported by manual power
- Structures Manual power- supported by hght class eqmpment

- On-farm works _ Equlpment supported by manual

The equipment req:tii_red_:f_dr those works will be bulldozer, backhoe, dump truck,
‘vibration roller and concrete mixer, -Rehabilitation wotks will be- conducted
snnultaneously upon dwmg the wor}\mg crews in 4 years work period startmg from
1990, :

Major eqmpment requlred for the 1rr1g’1£10n development worl\s are labulated in
Table L.1.3. .

I..1.5 Construction. Tirhe Schedule

The construcuon works of the project are. scheduled to be tmplemented in 6. 0 yeal s
(60 months) work period starting from 1990 upon execution of detailed survey and design
including financial arrangement for the construction. Proposed schedule for each scheme
are as follows. '

Scheme . Schedule - Period

- Dam (mam dam 1st & 2nd saddle dam) saddle dam 1_9'_90-1994 4 year

- hnganon development _ _
(1) Construction of newland mcludmg on-farm works ~ 1990-1995 S year
(2) Rehabilitation of existing : facilities & on- farm  1990-1994 4 year
(3) Social mfrastructure : : : 1990-1995 5 year

The critical path work of this project will be 1st saddle dam construction as
- indicated in the construction time schedule in Fi ig. L.1-2. The 1mportant points of
construction actw ities are; :

) 1ssuan'ce of engineer $ order to commence in May 1990.
i) divert of Amban Ganga 1o the diversion channel in May 1991.
iif)  to start impounding the reseworr water in March 1994,
iv) ' to carried out dry and wet test for gener‘mng eqUIment in mlddle 1994.

v) (o complete all the works for the dams, power station, new]and
construction and rehabilitation works in the end of September 1994
excludmg the. semal mfrdstrueture

Construcuon time schedule is proposed as sho_wn in Fig. L.1-2.
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L.2 COST ESTIMATE

1,.2.1

yeneral

At the fcaSIblhty design stage in 1979 the ﬁmnmal cost of the Moragahakanda

Aguc,ultural Development Project was worked out

as follows with the exchange rates of

1 US$ = 15 Rupees = 195 Yen.

5 che':ni F.C. L.C uiv.
N ¢ (105US$) (105Rs.) (IO(‘]’US$)
- Moragahakanda dam and powerstation 26 MW 144.4  551.8 1812
- Irrigation development 62,200 ha 47.2 1,060.1 117.9
Total . 191.6 1,611.9  299.1
(Billion J. Yen Equivalent) (58.3)

The construction cost is reviewed and brought into up to date in this chapter on the
basis of the current cost data.

L.2.2

Basis of Estimate

The following conditions and assumpnons are applied for the review and updating
the construction cost of the project.

1.

2.

Price level:February, 1988

Exchangerate: 1US$ = Rs.30.5 = ¥140.0

. Currency for estimate:The construction cost is estimated divided into the foreign

currency component and local currency component according to the origin of

_ construction plant, equipment and materials which will be utilized the respective

works. The foreign and local currencies are expressed in US Dollar and Sri
Lankan Rupees respectively. The foreign and local currency components
include the following cost itmes.

~ Foreign currency component

- Depreciation and spare parts costs for imported plant and equipment

- Cost of imported materials and foreign portion of locally producted materials
- Cost of foreign labours

- Cost of engineering services for foreing consultant

Local currency component

- Cost of local labours



4.

5.

6.

- Cost of local materials - :
- - Mainteénance, Iepamng and 1dmlmsttauon cost of construonon plant and

equipment
~ Inalnd trasnsponauon cost

- Cost of land acquisition-and compensatlon cost -
- Administration cost for executive body of the G overnmcnt
- Local portion of engmeemng SCI‘VICGS :

Rate of pncc escaldnon Am‘mal 'price escalation rate is assumed to be 8% for
local currency portion. No escalation is considered for foreign currency
portlon . ' C ' '

© Construction works will bo pelformed by the contract system through the
compoimve tondcr :

Estiﬁiatc of coristruction cost;

(1

0y

Constitution of construction cost is as follows.

a)  Direct construction cost '(cono;ac't_cost) .
- Moragahakanda dam-and powerstation:.
- Downstream irrigation development
b) Land acquisition and compensation cost
c) Government's Adn:umstrauon cost
d) 'Engmecnng services cost
e} Connnge_ncy :
. - Physical contingency
- Price contigency

Direct construction cost for civil works

_The direct construction cost for civil works is estimatéd by unit cost

basis multiplied by work quannnes Table L.2.5 shows the priced bill

of quantities of the construction works required for this Project. T he

unit cost of -each work item consists of ‘the price of construction
materials, equipment, labour wages and contractor's overhead and profit
as explained below,

1) | Labour cost

The ‘labour cost is assuried to be two curtency components of
foreign and local currency for specialized technicians from ‘abroad
and other labours rcspecnvoiy “The labour rates‘in each classes are
shown in Table L.2. 10 The labour wagcs mclude labour's fringe

benefits: e '
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3

C))

2)'

N

4)

The following employee's insurance arca incorporated in the labour
rates,

- EPT (Employces provident fund) 15%

ETF (Employees trust fund) : 13%
BTT (Business on tax turnover) 3%
Material cost

‘Prices of construction materials available in local market were

canveassed in Colombo in February 1988. These prices are
counted into the foreign and local currency component considering
their usage of imported raw material, cost of production facilities
and its imported amount as a secondary indirect foreign currency.
The unit price of materials in site delivery basis with tits component
of currency is tabulated in Table 1..2.11.

Equipment cost

Equipment prices are based on the currency market price in Japan.
Hourly equipment cost is estimated as shown in Table L.2.12.

Contractor's indirect cost

Contractor's expenses are taken account by including them
propotionately in the unit prices. It is assumed to be 25% of direct

‘cost. The unit cost for major work items are shown in Table L.2.9.

Electro-mechanical works

Cost estimate of electro-mechanical works is based on past tendered
record of similar project with considerations made on locality of this
project.

Indirect cost

D

2

Land acquisition and compensation cost
The cost of right of way and compensation is estimated on the basis
of the prevailing government expropriation cost for the jand,

buildings and other private properties, as shown in Table L.2.6.

Administration cost

~An allowance of 5 percent of the total estimated direct cost is

provided for the government administration cost of the project.



3 anmeemng services cost

The cost of the Engmecrmg services for 1mplcmentat1on of thc
project is estimated as § percent of the total estimated direct cost,

(5) Cost for social infrasttuctore -
This cost is estimated by unit cost basis as tabulated in Table [.2.13.
1..2.3 Financial Cost’

The financial cost on the- PI‘OJGC( was worked out at US$ eqmvalent 310 million
including 66 percent of forei gn currency pornon as. tabulated bclow

Unit: million

___RCPonion USS _ - L.C Portion Rs, Toal

costlioms Toner ey ol BER T Tl e
(1) Dircctcost E 9% 67 163 732 - 854 1,586 215
{2) Land acquisition - : - RN | S 61 2
(3 Govemment adminisiration - - - 183 153 336 it
@) Efservices 9 6 15 3t 6l 92 18

Sub-total 105 73 178~ 1,007 1,068 2075 246

(5) Physical contingency 16 11 27 150 160 - 310 37
Total : 121 8 205 1,157 . 1,228 2,385 283

(6) Price contingency e - 367 413 840 27
Grand Total : 121 84 205 1,524 1,701 3,225 310

Tables L.2.1, L.2.2 and L.2. 3 show the summary of fmancml cost for eac‘n
scheme, Priced bill of quantities is shown in Table L.2.5.

L.2.4  Disbursement Schedule

The annual dishursement of investment cost was estimated on the basis of the
implementation schedule as shown in Table L.2.4.. ' -

L.2.5 Operation and Maintenaiicé Cost

Annml opentlon and maintenance co:ts are compnsed of the staff‘s salames for
project administration and water control staffs, the matenal and labour costs for repair and
maintenance of facilities 'md equipment, and the running cost of project facilities. - The
O&M cost for the Project are shown in Table L.2. 7 and summanzcd as follows:



Scheme Annual Q&M Cost

Dam . 400 x 10% US$
Power 340 x 103 US$
Irrigation 1,320 x 103 US$
Total 2,060 x 10% US$

Requifed O&M equipment is estimated as shown in Table L..2.8.

L.2.6 Replacement Cost

The Project facilities are required to replace according to the useful life at a certain
interval of said facilities within the Project life. The replacement cost with its useful life are
tabulated Table L.2.14.
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Table L.1.1 HOURLY PRODUCTION RATE OF MAJOR EQUIPMENT

(1) Bulldozer
(Excavating Work)

Q= (60 x g x F x E}/Cn

where: :
Q = Hourly productin (m3/h)
q = Blade capacity {m3)
F = Swell facdtor of material
o= Operating efficiency
“Cm = Cycle time {min.)

Cm = L/Vl + L/V2 = tg
L = Hauling distance {(m)
vl = Forward speed (m/min.)
v2 = Reverse speed {(m/min.)

tg = Gear change and others

30 ton class Bulldozer

Work o F B L V1 V32 tyg Cin Q
Fine 6.94 0.80 0.70 20 42 58 0.33 1.15 203
_.Coarse 6.94 0.87 0.60 20 42 58 0.33 1.15 189
Rock 6.94 0.63 0.35 20 42 58 0.33 1.15 80

20 ton class Bulldozer

Work qg. . F E L vl V2 tg Cm 0
Fine 3.19 0.80 0.70 20 42 58 0.33 1.15% 94
Coarse 3.19 0.87 0.60 20 42 58 0.33 1.15 87
Rock 3.19 0.63 0.35 20 42 58 0.33 1.15 37

(Spreading Work)
Q= WxVxDxFx BE)/N
where:

= Hourly production (m3/h)

= Effective spreading width {(m}
= Operating speed (m/hr)

= -Spreading depth (m)

= Swell facktor of material

= Operating efficiency

Number of spreading

0o R0
I

Z ™

20 ton c¢lass Bulldozer

Work W v D F E N Q
Fine 3.96 1,700 0.3 0.80 0.60 5 194
Coarse 3.96 1,700 ¢.3 0.87 0.55 5 193

- Rock 3.96 1,700 0.3 0.63 0.50 s 127




{2}

13 ton class. Swamp Bulldozer

Work W v ‘D B i} N

90

Fine 3,511,200 0.2 0.80 0.40 3
{Compacting Work)

0= (WxVxXDzxF x EY/N

where:

Q= Hourly production. (m3/h)

W o= - Effective compacting width (m)
vV o= Compacting speed (m/h)

D = Compacted depth . (i)

P = Swell factor of material

B o= Operating efficiency

20 ton ¢lass 'Bulldoier-

Work w0V D - F B N
Fine 0.8 4,600 0.3 0.80 0.6 5 77
Coarse 0.8 4,000 0.3 0.87 0.6 6 84
Loader
0= (3,600 x g x Kx F x B)/Cms
where
Q= HOurly-pfoduCtibn {m3/h)

q = Bucket capacity (m3)

K = Bucket coefficlency

F = ‘Swell factor of material’
B o= Operating efficiency.
Cras = Cycle time {sec.)

0.6 m3 c¢lass Backhoe

Work 1 8 ¥ E Cms Q
Fine 0.6 0,85 0.80 0.7 21 48
Coarse 0.6 0.80 0.87 0.7 21 50
Rock 0.6 0.75 0.63 0.7 21 34
1.2 m3 class Backhoe

Work q K - P B Crs )
Fine 1.2 0.85 0.80 0.7 32 64
Coarse 1.2 0.80 0.87 0.7 32 66
Rock 1.2-0.75  0.63 0.7

32 . 45
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2.0 m3

‘class Tractor Shovel

Work:

.

K - F E Cms 0

Fine 2.0 1.0 0.80 0.7 42 96
anrse 2.0 0.7 0.87 0.7 42 73
Rock 2.0 0.5 0.63 0.7 42 38
3.0 m3 class Tractor Shovel

Work o K F B Cms Q
_Fing 3.0 1.0 0.80 .0.7 45 134
Coarse 3.0 6.7 0.87 0.7 45 102
Rock 3.0 0.5 0.63 0.7 45 53
% m3 class Wheel Loader

‘Work g K I E Cms O
Fine 5.0 1.0 0.80 0.7 36 280
Coarse 5.0 0.7 0.87 0.7 36 213
Rock 5.0 0.5 0.63 0.7 36 110
3 m3 class Wheel. Loader

Work q K ¥ E Cms Q
Fine 3.0 1.0 0.80 0.7 36 168
Coarse 3.0 0.7 0.87 0.7 36 128
Rock 3.0 0.5 0.63 0.7 36 66

1.:' 24



{3} Dump Truck

Q0= (60 xC X F % Et)/Cnt

where:

0= Hourly production {(m3/h)

C o= Vaessel capacity (m3).

Fo= Swell factor of material _
Et = Operating efficieéncy of dump truck

Cmt = Cycle time of dump truck (min.) :
Cmt = (Cms x n} /{60 x Es) + D/V1 + D/V2 + t1 + €2
Cms == Cycle time of loader (min.) :
n= Number of loading .
n = of {q x k}

q o= Bucket capacity of loader {m3)
K= Bucket coefficient _
Es = Operating efficiency of loader
D= Hauling distance (m)

vl = Travel speed with load (m/min.)

V2 = Travel sped without load {(m/min.}
tl = Unloading time {min.} ’ )
t2 = Waiting, sétting and others {(min.)

30 ton class Dump truck

Work C F Bt  Cmt Cms - n q K Es D Vi v2 tl L2 o]

2,000 m (Quarry)

Coarse 18.0 0.87 ¢.9 19.8 36 5 6.0 0.6 0.7 2,000 250 333 1.0 0.5 = 43
Rock 18.0 0.63 0.9 20.6 3% 5 6.0 0.5 0.7 2,000 250 333 1.0 0.5 30
10 ton class Dump txuck

Work C ¥ Et Coit. Crg I q K Es D vl V2 £l 2 Q
2,000 m
Fine 5.6 0.80 0.3 17.9 36 2.8 2.1 0.9 0.7 2,000 250 333 1.0 0.5 14
Coarse 4,5 0.87 0.9 19,1 36 4.2 2.1 0.6 0.7 2,000 250 333 1.0 0.5 11
Rock 4.5 0.863 0._9 '19.8 36 5.0 2.1 0.5 0.7 2,000 250 333, 1.0 0.5 7
1,000 m
Fine 5.6 0.80 0.9 106.8 36 2.8 2.1 0.9 0.7 1,000 250 333, 1.0 _.0.5 22
Coarse 4.5 0.87 0.9 12.1 36 4.2 2.1 0.6 0.7 1,000 250 333 1.0 0.5 i8
Rock 4.5 Q.63 0.9 12.8 36 3.0 2.1 0.5 0.7 1,000 250 333 1.¢ Q.5 11
500 m .
Fina 5.6 0.80 0.9 7.4 36 2.8 2.1 0.9 0.7 500 250 333 1.0 0.5 33
Cearse 4.5 0.87 2.9 8.6 36 4.2 2.1 0.6 0.7 500 250 333 1.0 0.5 25
Rock 4.5 0.63 a.9 9.3 36 5.0 2.1 0.5 G.7 500 250 333 1.0 0.5 14
250 m . .
Fine 5.6 0.80 0.9 5.7 36 2.8 2.1 0.9 0.7 250 250 333 1.0 0.5 42
Coarse 4.5 0.87 0.9 6.9 36 4.2 2,1 0.6 a.7 250 250 333 1.0 0.5 k3l
Rock 4.5 0.83 0.9 7.6 36 5.0 2.1 0.5 0.7 250 250 333 1.0 0.5 18
5,000 m _ :
Rock 4.0 0.63 0.9 35.0 36 5.6 2.1 0.5 0.7 5,000 300 400 1.0 0.5 4



(4) Motor grader

{5)

Q= (60 X W2 LXDxF x E/(Nx Cn)

-whore:
Q = Hourly production (m3/h)
W= - Width of blade _
W = Length of blade x sin 0 - 0.3

= 3.7 x sin 60° - 0.3
L = Length of grading (m)
D = Depth of layer (m)
Fo= Swell factor of material
E = Operating efficiency
No= Number of grading

Ci = Cycle time {min.)
Cm = L/VL + L/V2 + 2t
vVl = Forward speed (m/min.)
V2 = Reverse speed (m/min,)
t o= Gear change and others (min.)
Work W - L D - F B N Cm Al v2 t 0
Fine 2,9 200 0.3 0.80 0.4 3 7.0 66.7 100 1.0 159
Coarse 2.9 200 6.3 0.87 .4 3 T.0 66.7 100 1.0 173

Compacting Bgquipment

Q= (W=xVXDSXF x E)/N

where:

Q = Hourly production (m3/h)
W= Width of compaction {m)

Road roller = width of roller - 0.3
Vibrating roller = width of roller - 0.2
= Operating speed {m/h)
= Depth of layer (m)
= Swell factor of material
= Operating efficiency
= Number of compaction

ZEMmU g
1

20 ton class Tamping Rollerx

Work W v D F E N Q

Fine 3.5 30490 0.3 0.8 0.5 6 210

10 ton class Road Roller

HWork W v D F E N Q
Fine 1.2 1,500 0.3 0.80 0.6 6 43
Coarse 1.2 1,500 0.3 0.87 0.6 6 47
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{e)

3.0 ton «lass Vibratory _Roller

Work W v D ¥ B
Fine 0.8 1,500 0.3 0.80 0.6 6 29
Coarse 0.8 1,500 0.3 0,87 0.6 6 31
0.6 ton class Vibrating Rollex

Work W ..'V D P 5
Fine 0,411,300 0.3 0.80 0.6 6 12
Coarse 0.4 1,300 0,3 0.87 0.6 6 14
80 kg "class Tamperxr

Work W Vi b F E
Fine 0.24 900 0.3 0.80 0.6 & 5
Coarse 0.24 900 0.3 0.87 0.6 6

Concrete Mixer

Q= {60 x g x B)/Cm .

wvhere:

Q = Hourly production (m3/h)
q = Mixing capacity {(m3)

E = Working efficiency

Cm = Cycle time {min.,)

0.3 m3 class Mixer

{7}

Work q ] Cm

Concretg' 0.3 0.4 o4

Truck Mixer

Q= (60 x g x E)/Cm

where:
Q = Hourly production {m3/h) .
g = Capacity of truck mixer ({m3)
E = Operating efficiency
Cm = Cycle time (min.)

_ Cm = t£1 +t2 + £3 + L/V1I + L/V2
tl = Charging time {(min.)
2 = Discharging time (min.)
£3 = Waiting and setting (min.) -
L = Hauling distance o
Vvl = - ‘Transporting speed (m/min.)
V2 = Returning speed {(m/min.)

L- 27



3.0 m3 class TYruck Mixer -

Work q _E Crm £l - t2 t£3 1, V1 V2 Q
| 2,000 m 3.2 0.8 24 3 5 22,000 250 333 6.4
1,000m 3.2 0.8 17 3 5 21,000 250 333 9.0
500 m 3.2 0.8 13.5 3 5 2 500 250 333 11.4
250 m’ 3.2 0.8 11.8 3 5 2250 250 333 13,0

(8) Concrete bucket handled by 30 ton Crane

Q= {C x B x 60)/Cm
where:
Q = Hourly production
¢ = Concrete bucket capacity
E = Operating efficiency
Crn = Cycle time
Cm = t1 + t2 + L3
tL = Bucket detaching and attaching
t2 Lifting and setting
£3 = Dischaxging '
C E £l t2 t3 Cm Q
1.0 0.7 2 3 1 7
1.5 0.7 2 3 1 6 11




Table L.1.2

MAJOR PLANT AND EQUIPMENT FOR
DAM AND POWER STATION

No Description
1. Crushing plant 250 t/h _ 1
2. Concréte mixing plant 0.8 m3 x 3 units 2
3. Jib crane = 9t 2
4. Bulldozer w/ripper 30 t 7
5. Bulldozex w/ripper 20 t 5
6. Wheel loader 5 m3 6
7. Wheel loader 3 m3 4
8. Tractor shovel 3 m3 3
9. Tractor shovel 2 m3 3
10. Heavy dump truck 30 t 15
11. Heavy dump truck 15 £ 10
12. Concrete pump car 60 m3/h 1
13. Motor grader 3.7 mo 2
14. Truck mixer 3 m3 3
15. Crawler drill hydraulic 8 t : : 10
16. Boring machine 200 m - 5
17. Grout mixer 500 1it./min. 3
18. Grout pump 200 1lit./min. 5
19. Air compressor 17 m3/min, 2
20. Truck crane 30 t 1
21, Truck crane 15 t 2
22, Crawler crane 30 t 1
23, Tamping roller 20 t 2
24, Vibration roller 8 t 4
25. Fuel tanker 8 t 2
26. Water tanker 8 t 2
27. Road roller 10 t 2
28. Saw mill - 1
29. Work shop car 8 ¢ 2
30. Ordinary truck 6 t 5
31. Truck trailer 30 t 1
32, Cooling plant 1

“Capacity (Class) . Q'ty

200 JRT




Table L.1.3 MAJOR PLANT AND EQUIPMENT
. FOR TRRIGATION DEVELOPMENT (1/2)

No Description Capacity {Class) Qlty
1. Motor scraper 11 m3 3
2. Bulldozer w/winch & ripper 30 t 5
3. Bulldozer 20 t 7
4., Bulldozer 13 ¢ 7
5. Backhoe 1.2 m3 2
6. Backhoe . 0.6 m3 6
7. Tractor shovel 2.0 m3 5
8., Tractor shovel 1.0 m3 5
9. Dump truck 10 t 10

10. Tamping roller 20 t 3

11. Vibration roller 0.5 ¢ 7

12. Crawler crane 30 t 1

13. Truck crane 20 t 1

14. Truck crane 10 t 2

15. Motor grader 3.1 m 4

16. Air Compressor, portable 7 m3/min. 3

17. Diesel generator 200 kVAa 1

18. Diesel generator 100 kvVA 3

19, Vibration hammer 22 kW 3

20. Submersible pump 4" o 15

21. Submersible pump " B 2

22 . Fuel tanker 8 ¢ 3

'23. Water tanker 8 t 3

24, Work shop car 8 t 2

25. Truck trailer 30 ¢ 2

26. Road roller 10 t 2

27. Saw mill - 2

28, Portable crushing plant 50 t/h 1

29, Concrete mixer 0.3 m3 11

. Ordinary truck 6 t 8
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Table L.2.1 SUMMARY OF FINANCIAL COST FOR THE PROJECT

(DAM, POWER & IRRIGATION)

1 US§ = R5.30.,5 = Y140.0

. : _ . F.C /1 L.C /1 Total Equivalent
Scheme & Cost Items {USS mil.) (Rs.mil.) (USS mil.)
1. Direct construction cost 163 1,586 215
2. Land Acquisition & building
compensation cost _ - 61 5
3. Govérnment's Administration
Cost for Implementation /2 - 336 11
4. Engineering services cost
/3 ’ 15 92 i8
Sub~total /1 + /2 + /3 + /4 178 2,075 246
5. Contingencies
(1) Physical conﬁingency /4 29 310 37
(2) Price contingency /5 - §40 27
Amount {1) + (2) 27 1,150 64
GRAND TOTAL 205 3,225 310
Notes: (1 F.C = Foreign currency, L.C = Local currency

/2 5% of direct construction cost.
/3 8% of direct construction cost.
/4 0% for F.C and 8% for L.C per annum.
/5 15% for F.C and L.C is assumed.



Table L.2.2 SUMMARY OF FINANCIAL'COST'EQR THE DAM AND POWER

1 US$ = RS.30.5 = Y140.0

F.c /1 - _ i.c /1 Total Equivalent

Scheme & Cost Items B {US$ mil.) (Rs.mil,) - (US$ mil.)
1. Direct consﬁructioh cost | 96. o -.732 : .20
2. Land Acguisition & building
© compensation cost _ - 61 2
3. Government's Adﬁinistration _ _ .
Cost ﬁor Irplementation /2 - 183 . _ 6
4, Engineéring services cost : o o
/3 . 9 © 31 10
Sub-total /1 4 /2 + /3 + /4 108 _ 1,007 ... 138
5. Contingencies
{1) Physical contingency /4. 16 150 21
(2) Price contingency /5 0 | 367 . 12
Amount (1) + (2) 16 517 33
GRAND TOTAL 121 1,524 _ 171
Notés: /1 . F.C = Foreign currency, L.C = Local currency

/2 5% of direct construction cost.
/3 8% of direct constructlon cost.
/4 0% for F.C and 8% for L.C per annum.
/5 15% for F.C and L.C is assumed.
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Table L.2.3 SUMMARY OF FINANCIAL COST FOR THE IRRIGATION DEVELOPMENT

1 US$ = RS.30.5 = Y140.0

. " F.C./1 L.C /1 Total Equivalaent
f‘_)cheme &. COSt Items (USS mil.) (Rs.mil.) (USS mil.)
1. Diréct construction cost 67 854 95
2. Land Acquisition & building
compénsation cost . - 3 B
3. Government's Admiristration
Cost for Implementation /2 - 153 5
4. Engineering services cost
/3 6 61 8
_Sub-total /1 + /2 + /3 + /4 73 1,068 108
5. Contingencies
{1} Physical contingency /4 11 160 16
(2) Price contingency /5 0 413 15
Amount (1) + (2} 11 633 31
GRAND TOTAL 84 1,701 139

Notes:. /1 F.C = Foreign currency, L.C = Local currency
/2 5% of direct construction cost.
/3 8% of direct construction cost.
/4 0% for F.C and 8% for L.C per annum.
/5 15% for F.C and L.C is assumed.



Table L.2.4 (1/4) ANNUAL DISBURSEMENT SCHREDULE

—{DAM) . T e Ut 3 FGMIlon Ust
o . B | . LG; ko R,
U8 yodr 2 nd yaur 3t year 4 th yoar - $ th yaar SR yew 7 o year
Itenss 1989 1990 1991 1992 Aged 1994 1998 Tolal
FG. L £6. LG FC. 1€ FC__ LG [ LS FG . LG Fg. __LC £c, Q]
1.0l Cost . :
{1 $Anwa) aftocation FS.- 0.00 22.80 i5.20 16.20 16.20 7,40 76.00
Annwal alosalion L.S. . b8 2013 134.8 -tz 1342 -, o 6T ) LR
{2Piyskeal sord,F.0. Y- T EX T R 2.28 328 .28 L4 900 . 14e
Physkat contl LG, e 3902 FL- P 20.1 20.1 LA ) X R . 100.7
sub oAt {14(2) .00 0.0 W22 s 748 154 WS LEAD L 1T 164D 74 YrR - 000 .0 IR my
{Ayfate esealiton £.6. Q.00 .22 \742 17.48 - 17.48 T B4 0.00 I X1
Price escaladon L.C. 6.0 210.0 194.4 . 21ba T s terb 0.0 . 1023.6
Total 9.00 0.0 24.22 270,0 1744 1044 1748 2600 1748 2283 B4 1225 . 000 00 8740 10208
24203 aoquislden LG .
{1}Anuat attocation 61.0 0.0 0.0 0.0 X 0.0 9.0 810
(2)Physkeal cont, 2.2 @0 ¢.0 2.0 0.0 0.0 0.0 R ¥}
b etal (1h(2) . 0.2 X LX [ X4 0.0 o 90 70.2
{3Pikee escalakon 5.2 .0 0.0 0.0 .0 LX) 0.0 158
Totat 75.8 0.0 °.0 0.0 0.0 0.0 0.0 5.8
Aoy, adminlcost . . s
{Amual aitoction 3.0 50.0 10.0 2.0 20,0 20.0 20,0 123.0
{2pehypsheal sondl, 0 . 75 (X ] 3.0 B X RR . 38 . 15
sub tolak (13+{2) 15.0 §7.5 8.0 220 20 23.0 - 2.0 2105
fice escataton 16.1 871 67.9 1.3 ERN ] Cass FLX) . 282.2
Tota 6.1 87.1 515 33 338 %5 304 2822
4.E/services cost . X
nanruzl altgcadon £G. 2.79 149 142 1.40 1.49 [ {1 I 2.40
Anauzt atecalon LG, 4.3 5.0 50 8.0 5.0 1.2 s
[2)physkeal contl. F.C. 0.41 0.2 0.2 0.21 0.24 Loan 138
Poysiat cond. LG, R 0 . o8 [ X.] 0.8 b2 . 4.8
sub serat (142} 3l a7 1.84 5.8 1,61 58 1.61 5.8 1.61 5.3 0.3 LR I t9.35 - 354
(ifice escalaton F.C. an 1.61 1.8t 1.61 1.81 0.84 . 0.00 £6.35
Price ascalatoa LG, 1.8 8.7 7.2 7.4 W] 2.2 a0 (Y]
Total 3t e 161 .67 1.8 7.2 1.81 7.8 1.51 5.4 o8t 2.2 0.00 . 0.0 R L I TN ]
Abruat toral 311 1935 27.83 M3 9,00 25986 190 2481 19.60 2690 9.56 161.1 0.00 .. 304 L9775 14255
Total In US$ F.CoL.C. 6.50 AL 27.60 27 28 27.91 14.33 1.29 144,48

Table L.2.4 (2/4) ANNUAL DISBURSEMENT SCHEDULE

{POWER) : ) Uit 1 FCAMNon USE
: . L . LE MIkon Re.
1 5 year 2 nd year 310 year & th year 5 yhur 5m yen T pex .
ltams 1369 1% 90 1991 S 1gp2 £593 1994 : 1995 Towsl
FC. Le FG LL EC. LG FG. ie EC. Lc FC.  LC FC. Le FE. Le
i.Direct Cest A - - -
{1}Arrnial aiocation F.C. o.00 5.00 2.50 T 259 10.00 5.0 2000 .
Anruiaf 2l Bt L.C. o0 0 . (L% L1583 153 153 . . 3.0
R)enysieal cond F.C. Aed 2,00 038 : 638 - 1.50 .75 0.00 300
Payital cont 1.C, 0.0 e 2.3 23 2.3 2.3 0.0 82
0l (112 000 .0 .00 oo 235 V1% 238 AT 150 TS L35 178 LXLN 3 23.00 02
{J)Price escaiaton FC. 0.80 0.08 2,88 2.4% 11.50 5.75 0.60 23.00
frice escalaton LG o0 LIk R | . 3.8 258 27.3 90 R R
Tetat .00 2.0 6.00 LX) .88 224 168 2338 1150 5.8 576 27TA Q¢ ad 2349 43
2Land aoqusiion b .
{1}Ananal ghoczlion 2.0 0.0 0.0 0.0 0.0 LN 0.0 LX)
12pPayskeal con. 6.0 0.0 [ X 0.0 0.0 2.0 [EJ [
s i (1)+(2) [ X o.¢ LX) 0. 2.0 9.0 9.9 0.0
{3)Price escaiaton L.XJ (X 6.0 0.0 0.0 6.0 2.8 (X3
Tolat 0.9 0.0 o0 0.0 ot t.0 T oep [X]
3.Gov. pdovinicost
(1pAmng Atecztion 0.0 9.0 2.0 a0 o LX) 0.0 . LX 2
{2iPhysioal conk. 2.0 [ [ X 0.0 [ R £.0 0.0 LX)
b Kial {1h(2) & oo o0 X . o2 o0 o.0 0.9
{3)Frkce escxavon 0.9 0.0 X 0.0 ¢.0 2.0 8.0 0.0
Tatal 0.0 0.0 (X (LX) 60 0.0 ' o.0 0L
APIsendces <okl .
{13Annuat anocakon F.G. 0.00 [ 0.00 o.00 X2 : [T
Anmua! giatafonLC. 6.0 LR 0.0 0.0 (R : X
(DPhyseatl cond § €. LR .0t .08 .00 - .60 : .30
Physlea) condh. LE, %0 L2 0.0 X} (2] 2.0
tub total f1h(2) 0.00 a0 .40 6.0 000 0.0 4.60 0.0 600 &0 000 a.0
tAiPrice escalaton F.O, to0 5.00 .00 LX) a.bb 060 : X1 LR -1
Pikce sscatagon L.C 0.6 -0l B b.b - o0 © 8D 0.0 0.0 20
Tolal Q.00 0.0 0.0 6.0 .00 X .00 (X ed0 . 0.6 0.00 [ X1
Ascmial g LR o0 a6 o0 258 221 288 3% 1156 256 575 7.8 ¢.00 2.0 23.00 99.5-
Telalin USS FL.L.C. .96 0,08 360 3.5 §2.34 [ X1 .69 2¢.26
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Table L.2.,4 {(3/4) ANNUAL DISBURSEMENT SCHEDULE

(IRRIGATION DEVELOPMENT) ' Uit ; £ pton B
. LG Mk Pl

. : s - AR L Fclwlw Fcnw o 1993 1944 1596 Tonl
R T : - : Y FC Lo FC. LG FG LG [ Lc
(i jAnnuat sllccaton F.O. ¢.00 11.50 1340 13,40
X - . 13.40 1. .
- Annual atigcaticns L.C. X 137.4 110.8 170.8 1102 " 1448 400 b 67.9¢
{21Physicat chntl F.G. 0.00 1.73 2.01 2.01 501 185 ’ 0.86 ot 1o 08 eLe
pkiin m“e:: 00 o0 152 eee w 268 25.6 2.8 T ’ 6. o
s folal (1 . 5. B2 B0 1640 10B4 54t ipge ‘ ) ; :
(NPikce dscalaton F.G. 6,00 13.23 16,41 16,41 ’ :::: 1984 :::Z 180.6 ::g s8a 7; 22 82
fikeo gsealalon L.C. o0 1843 474 w72 286 T asez T o " 1388.0
Totat. S 0.00 0.0 13,23 1843 1541 2274 1641 2872 1541 2886 12,66 264.2 455 i I8 13648
21a0d 30quig'ton LG, :
t1jAmnual afiocation . 0.0 0.0 0.0 0.6
(Z1Physkal coni, 0.0 0.0 0.0 30 2': 2': 3'}’, . z
i 1olat {1} {2) 0.0 o0 0.0 o 6.0 o0 00 o
Pco escalaton 00 00 .0 0 0.0 0.0 00 on
Felal 0.0 ¢.0 °.0 ¢.0 0.0 00 Py 6.0
3.G6v, adminlcost
{1)Apnual ateailon 1.0 40.0 30.0 8.0 18.0 )
X X 120 18.0 530
{2Phsical cont. . ] 1.7 6.0 45 2.7 2.7 2.7 2.7 23 o
sl to|a1 H3ed2) . 12.7 46.0 346 20,7 0.7 20.7 20‘7 ”6.0
(AIPrico ascalalon 13.1 527 435 222 304 az.a .e . 277
Tolai 1.7 3.7 41,6 282 g 3z8 55 2307
4 Elservicas cos|
1Al liecation F.G. 1,80 0.80 9.80 0.80 T80 0.60 0.49
Ancual alocakon LG, o 2.4 . B.& 2.5 8.5 256 &8 ' .1 oo 6t.0
{21Pysical cond F.C. 0.27 o2 012 9.12 0.42 0.09 2.98 ’ 0% :
Physical toat, L. 1.9 13 K 3 1.3 - 13 0.8 92
b total {1).42) 207 143 0.9z 92 cor g2 0.32 9.8 [ XY 0.65 o8 048 18 €90 0.2
3Pk esca.laton F.C. 2.01 0.92 - 082 0.2 092 0.6% oA £4.94
Pikcq gscilaton LG, t5.4 14 123 123 144 156 lé.@ 4.3
Total - 267 154 032 114 252 122 0.92 133 092 144 085 156 04t 1zg 636 54
Annual 1613k - 2.07 29.4 1495 2494 $6.33 3012 18.3)  3bay 1633 3334 1324 2124 5.41 1&4.8 81.9% 17009
TotalIn LS8 F.C.4L.C. o 302 2232 26.27 2545 27.28 23.5% 15,50 53972

Table L.2.4 (4/4) ANNUAL DISBURSEMENT SCHEDULE

( TOTAL) Gl ; FG AR UGBS
LG 3AHon A
. 14 oyear 2 na year I oyea 4 oyear 5 & year & year T pesr
flams 1949 : 1950 1951 1952 1993 1594 18%6 Toul
) FC. Le FC. LG EC. LC FC. Lc FL 16 FS L FC L FL L
10002t Cost )
{1¥Anneat secation F£.C. .00 TR 3110 3t 19 e es 2360 4.3 153606
Al atocation LC. X3 2013 3203 3203 3z26.1 2277 594 15860
{2Pysheal Sond. F£.C. .00 0.0 5.15 0.0 487 .0 467 0.0 579 [ 3.5¢ L% e.t5 LE 24045 LX3
Fysoal cont LG, 0,04 2.0 2.06 568 0699 480 GO0 4E0 560 dED 600 3dd .00 E% w60 Z37 ¥
sub 1oLl (§)442} 0.90 00 1945 3ES 35.77 3523 35.77 183 4437 3843 27.14  261.2 445 623 1748 1e73E
{NPrice escafon F.C. 0.00 2.0 39.45 ©.0 3577 0.0 35,77 0.0 .39 0.0 27,14 X4 458 9.4 187.45 %
frice escalaton L.C. £.09 Q.0 0.00 454 260 4519 0.98  £030 900 5411 0.00 s 600 1171 [R-1 2 FA - X1
Total - ’ .00 0.0 3948 4543 35.77  48d.% IS T s61t 4439 &1 [ERVEPITE 4 L3 1179 wrde 2o
2Land seqisivon LG,
{1Amua) ghocation (XTI T ) 0.0 ce 0.5% [ ] 6.59 (2] 5.0 X4 0.0% 0% °.0% (27 050 AR
(2Paysical cons. 6.06 9.2 o.00 o.e 2.00 LX) .63 0% .40 6.0 0.6% a0 6.59 LX) 950 Wz
sub felal {1}2) 600 702 0.0 0.t .50 a0 0.6% L X 059 X 5.0 ce 40 LX) (X1 707
3)Price escalafon ¢.00 758 0.00 0.6 0,90 LK 0.00 [X3 2.0 e.C 0.03 LR 6.00 0.4 .08 i5e
ol LX) 0.00 0.0 3.00 LXd 0.5% 5.0 0.t LR .00 (R4 LR o .00 EE S
SQov, admidcést’
(DA atiocaton 000 20 [T X o090  Tod o000 3G T80 ARt [X-1 -3 ¥ tes 2 .90 3260
(2)Fnysikeal coal. 0.00 38 000 135 000 105 0.¢0 57 LX) 5.7 (X2 5.7 ] €7 ¢.05 S04
s totad {11(3) 0.00 276 6.00 1035 Ceo 0% ¢.0 437 ©5H0 427 000 437 Ger Kz ¥ 04 3LE.4
t3)Prce escaiakon 0.00 298 050 1£07 000 1D1.4 209 868 466 B4 2 .48 0532 556 A% © 56 £15.8
Tolal X I ) .00 1207 5.00 101.4 %00 595 060 BT 9.9¢ 653 L7 T ¢ o0 STR.E
4 Efsnavices capt .
{1)Amrat Mocation F.C. 4.50 [ X} 20 GO 220 o9 2.20 0.0 .20 L.X] 1.3¢ 0.5 L0 (] 15.0% o6
A abakon L.C. 200 207 006 135 o2 138 .00 135 0.00 125 00 7 0.09 %1 0 ot 1.6
{2)Fhysieat cons F.C. G.68 [X] .33 9.6 0.13 0.0 .33 o.c 0.33 LR ©2¢ 9.6 v.ee (X 2.26 L
Prystal contl, L G. 0.6 3.3 0.00 2.4 .60 z0 e.60 FX 0.5¢ 2.0 6.00 1.6 660 23 0.5 13.7
s el ($1{2 518 250 253 158 253 158 2.63 154 253 5K 166 312 0.£6 FE] 17.2¢ 1052
£)Price escalaton FC. 518 9.0 z 83 L] 243 b.0 283 6.6 2.63 .0 1.50 0.6 o.4¢ LE] 17.25 ER
Prive escalzfon .G, G.o8 270 09¢ 15.1 0.00 196 600 21 008 228 eak 7.7 000 1z €60 1323
Tolal S8 270 253 381 153 1R 283 21t 283 223 180 47V LEL IR 1725 13¢8.3
Anat otz 612 325 2198 5931 3530 SEL§ 3637 EBLE w82 6227 2664 5015 541 2G<.0 CATO 3Z25 9
Toi ki USS F.C. C. § 52 2.0 $1.42 [N 57.47 0.0 £7 3¢ 37 (YA TS 4.0 45 G¢ %] 12.0% 6. 047 ©.¢
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Table L2.6

BREAKDOWN OF LAND ACQUISITION AND BUILDING COMPENSATION COST

Q‘ty .ﬁﬁit COSf(RS) Amount(l,ﬂQU-éSY

A, Building | ‘37;006
(1) Residence/Shop 900 nos. 30,000 R '27”,:0__00.

(2)  school 6 300,000 1,800

{3) Hospital EE .soﬁ,ood- _éoo

(4) Buddhist temple 9 n 600, 000 5,400

(5) Government facilities 3 0 300,000 900

(6) Others L.S - :1}300

B. Land 24,900
(1) Paddy field 425 ha 40,000 1?,000

(2} Upland cultivation 350 2o,bod 7,000

{3) - Forest/scrub : 3,000 v - -

Total

Motes:

The above Ccost is

development area,

61,000

the land acguisition and building cdmpensation
costs for the Moragahakanda reservoir area in about 45 km2.
No land acquisition cost is required at the irrigation '



Table  L.2.7 OPERATION AND MAINTENANCE COST

Annual O&M Cost (1,000 US 5)

Cost Items Darn

Power Irrigation Total

Saféries and Wages : 70 50 230 350
- Staff galary 20 30 100 150
- Labour. eages _ 50 20 130 200
Office expenses 30 30 60 120
Operation Costs : 80 90 500 670
~ Fuel and lubricants fo: B 70 10 300 380

vehicle and equipment
- Rnpning coat for - 70 100 170

projéct facilities
= O'thers_ . 10 10 - 100 120
Maintenance cost 200 150 500 850
- Earthwork 30 i 100 140
~ Concrete work 50 10 100 160
- Masonry work 30 10 100 140
- Metal works _ 40 20 160 160
- Repairing cost for 50 100 100 250

other project facilities
Miscellanecous 20 26 30 70
Total ) 400 340 1320 2060
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- Table 1.2.8. O&M EQUIPMENT
: Quantity ' ) ‘Unit Amount
Item Dam O&M System D. Existing Total Price
- Office RPM Office ID Office (1,000 US$) (1,000 USS)
1. Draglire, 0.6 m3 - 1 L 1 1800 180
2. Backhoe, 0.6 m3 1 2 2 5 130.0 650
3. Backhoe, 0.3 m3 - 2 2 4 65,0 - 260
4, Bulldozer, 21 t - 2 2 4 217.0 " 868
5. Bulldozer, 11 t 1 2 2 5 1 101.0 505
6. Dozer shoel, 1.4 m3 - 2 2 1 . 46,0 184
7. Wheel loader, 1.0 m3 1 2 2 5 57,0 285
8. Motor grader, 3.0 m 1 3 2 -6 $8.0 588
9. Fuel bowser, 5 k1 - 2 2 K 81,0, 244
10. Water bowser, § kil - ) 4 10 61.0 610
1. Vibration roller, 5 t - 1 1 2 49,0 - 98
12. Vibration roller, 1 t ~ 2 2 4 13,0 52
13. Tamper, 80 kg - 5 5 10 1.8 18
14, Plate compactor, 90 kg - 5 5 .1 1.7 17
15. Portable concrete 1 2 2 5 2.0 10
mixer, 0.2 m3 ' .
16. Concrete {ribrator, 2 4 4 10 0.7 7
0 45 mm _
17. Submérsible pump, 2 5 ] 12 1.5 18
0 150 mm .
18, Generator, 2 kVA - 5 5 10 25 25
19. Generator, 50 kVA - 1 - 1 22.0 22
20. Trailer truck, 30 t 1 2 92.0 184
21. Dump truck, 11 t - - 1. 60.0 60
22. Dump truck, 2 t - 6 10 16 14.0 =224
23. Cargo truck w/crane, - 1 2 3 55.0 165
8 t o
24. Ordinary truck, 8 t 1 2 2 5 30.0 150
25. Truck, 1 t D/cab, - 15 10 25 9.0 225
4 x 4 )
26, Jeep, 4 x4 8 i5 10 33 15.0 . 495
27. Sedan car, 5 persons 1 3 T2 6 12.0 72
28, Microbus, 20 persons 1 1 1 ‘3 25.0 75
29. Motor cyele 1 30 10 61 2.0 122
30. Office equipment L.§. L.S. L.S. L.S. 20.0 20
31. Tractor equipment - 20 - 20 18.0 360
Tractor w/plough,
tiler etc., 60-80 HP .
3Z. Welder w/engine - 4 -~ 4 - 3.0 12
33, Spare parts L.s L.8 L.S. L.S L.S. 695
Total 7, 500




Table L,2.9 = ynIT COST FOR MAJOR WORKS

1USS = Rs.30.5 = ¥140.0

- Work Items Unit F.C (USS) L.C (Rs.) Total (US$)
(Dam & power) . .

1. Excavatidn, common m3 2.3 30.2 3.3
2. Excavation, w/rock m3 3.9 51.2 5.6
3. Excavation, rock m3 5.6 73.2 8.0
4. Embankment, core m3 4.6 60.4 6.6
' 5. Embankment, filtex m3 9.8 128.1 14.0
6. Embankment, rock m3 5.3 68.6 7.5
7. Consolidation grout ™ 72.8 951.6 104.0
8, _Bla‘nket_gro_ut : ' mn 12.8 8951.6 104.0
. 9. Curtailn grout m 105.0 1,372.5 150,0
10. Concrete, massive w/form m3 90.0 457.5 105.,0
11. Concrete, structure w/form mn3 - 90.0 £10.0 110.0
12, Re-bar t 585.0 T,7177.5 850.0
13. Metal works _ t - - 3,500-7,000
" (Irrigation) '
14. Clearing ha 198.0 4,026.0 330.0
15, Excavation, common m3 1.4 9.2 1.5
16. Excavation, rock m3 5.6 73.2 8.0
17. Embankment, canal m3 2.4 18.3 3.0
- (Borrowed material)
18. Embankment, canal m3 1.4 11.0 1.8
- - (Excavated material)
‘18, Turfing m2 0.1 15.3 0.6
20, Concrete m3 56.0 732.0 80.0
21. Metal works, slide gate Nos. - - 1,600-9,300
22, Metal works, radial gate  Nos. - - 60,000-73,000
23. On~farm works (Rehabili.) ha - i - 390.0
24. On-farm works (Newland) ha - - 2,060.0
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Table 1.2.10

LABOUR WAG&S RAT

¥140.0

: i ' lUS$ = Rs, 30 S =
DésCriptién. : -Waqe/shlft,(Rs}{*l
1. Guidance engmneer, A*2 m.d Uss 500
2, Guidance engineer, B*3 m.d Us$ 150 .
3. foreman “ m.d’ 283
4, Operator . m,d. .. . 283
5. Assist. operator m.d 220
6. Driver m.d 212
7. Mechanic w.d. 177
8. Weldexr m.d. 170
9. Electrician m.d - 177
10. Garpenter m.d 167
11. Concrete worker m.d 147
12. Mason : ‘m.d 135
13. Tunnel worker m.d 157
14. Steel worker . d 147
15. Semi-skilled labour m.d 120
16. Common labour m.d. . 102
Note *1: 8 hours/day Site cost basis incuding overtime,

holiday pay, EPF (Employee § provident - fund),

BETF (Employee's trust' fund), BTT (Bu51ness bn

tax turnover}, llVlng allowance etc.
%2: Foreign technician with qualification of Class—A.

*¥3: - ditto -, Class-B



Table L.2.11

UNIT PRICE OF CONSTRUCTION MATERIALS

1USS = Rs,30.5

= ¥140.0

: .' ' Basic*l Adijusted Unit Price
wo. Degcription Unit Unit Price F.C L.C
; : i Rs, % Uss % Rs.

1. Fuel . R lit. 10 60 0.20 40 4
2. Cement, portland. _ t 2,500 70 57.40 30 750
3. Rednforcement bar, round t 13,000 75  320.00 25 3,250
-4, Reinforcement bar, deformed t 14,000 75 344.30 25 350
5. H-shaped steel t 16,000 80 420.00 20 3,200
6. Annealed steel wire t 13,000 70 298,40 30 3,900
7. Sand . m3 110 30 1.10 70 77
8. Gravel, screened m3 90 30 0.90 70 63
9. Cobble & rubble stone 03 120 30 1.20 170 84
10. Timber, plank m3 12,000 30 118.00 70 8,400
11. Plywood, t = 20 mm m3 19,000 50 311.50 50 9,500
12. Gas pipe, 2" dia, t 120 60 2.40 40 48
13. Gas pipe, 4" dia. m 300 60 5.90 40 120
14. Gas pipe, 6" dia. m 500 60 9.80 40 200
15. Metal form; 300 x 1,500 mm pe. 300 80 7.90 20 60
16. Concrete pipe, 1,000 mm m 2,500 o0 49,20 40 1,000
17. Concrete pipe, 500 mm m 1,000 60 19.70 40 400
18. P.V.C pipe, 2" dia. m 100 70 2.30 30 30
19, Gascline lit 15 &0 0.30 40 )
20. Bngine oil lit. 30 80 0.80 20 6
21, Grease - kg 50 80 1.30 20 10
22. Dynamite kg 200 70 4.60 30 60
23. An~F¢ powder kg 25 100 0.80 0 -
24. Detonator pe. 80 100 2.60 o -
25. Taper rod, 22 mm no. 3,000 100 98.40 0 -
26. Cross bit, 36 mm no. 3,600 100 118.00 O -
27. Electricity kWh 2 80 0.05 20 0.4
28. Brick 1,000 pecs. 700 20 4,60 80 560
29, Asphalt _ lit 10 50 0.20 50 5
30. Water-reducing. agent kg 60 80 1.60 20 12

Mote *1: Site delivery basis

1L- 48



(1) +(oTi=(2T)
)+ L) {TT)
(8l {pl=tol)

(Y7448 (T i= ()
(ZY /120X (SFX (1) imiy)
[FANSESESCIR AR BE -]
(P e (T i=()

: dI0N

(32 o iad ¥1 09 az 05 oRo“‘L - 000*00L 2O A aouyveg "£L
7T 6T 3 0¥T o]} 2 [ oL L 06 GO0'OE  000°0EY I8 002 auerd buyreed "2t
og 124 f£4 3671 O 0§ L Dg 87T 06 000’8 000°0€T 308 IBYYRII HONIL TIE
3 gL 9 L5 ov L Z V- JE U6 o0C’9 0008z 59 ¥onxy AZRUlpI0 COE
Le T4 oz £LT ot zs L 09 £1 08 000’9 000°S8 38 e doys ¥Iom 6T
ST £CT T 01 or € 2 0% 3 06 800°9 ° 0070s - TTTY #8587
[ 13 L 9% o] 51 Z 08 $ 96 . 00DYL  0DOSE 30T I3TTCT PROY °LT
Tt o1:3 g 69 0% 174 £ as 4 08 Q00’8 90G7HL 38 AWUEY XBIEH 9T
TT o 8 . ov 1z £ 09 5 06  -DDO‘9  OCO'SE 25 Zaxuel’ rang 52
oy L B8Z (43 L0Z 0F S L 06 ©  sT 0§ 000 ’‘s Q00 ’s8 18 ZRTTSI ULTTIATA VT
9g 662 9z BET [P 1 6 ol-] L1 08 000°6  000‘0LT 102 zayrea buydwey "E7
a9 BEG r47 [:38 2 0% zel 81 oL 9z 06 000°L  00000T 30t 3UBID-IITHBID “IZ
vE £62 A ¥z or 6% 9 oy 31 6 000'L 000 'ObT 381 auRIZ XINIAL CTE
0% XA £p 9E¥ oF LB 1 () 143 06 000°L . 0007052 1 0¢ | euex3-yONRL T 02
5 1f & 1€ Q€ 0T z 08 € 06 00021 Co0’'Th TUTW/EW LT Fossaadues ITY 61
4 ig o vZ oy L T 03 z /13 opo's Qoo ot tulw/ It 602 dumd. 2nox9 81
1 8L £ 14 OF [ T 1] € 0B ooo‘s  oop'eT Z % 371 00S FRRTW INOTH TLY
2 R £ 2. 15 0¥ £T 4 08 b4 06 000's " gonte w00z suTysew Hurreg "9y
g8 288 zs 99¢ 0t zz1 91 oS 98 08 000 . 000°Q8T 3 B DYINEIDAY ITTAP - 2HTMBIZ “51

1. 7 .8 o1 R nE’ zz £ 0s L 06 0009 000 "EY g € JaXTW HORIL “HL
87 Y44 A £8T 0P a¥ g Qg LA 06 0009 0eo ‘08 B A zopedld 2oU0K “£1
69 CLLE £s At oE 93T 44 " 08 i 06 000°S 000 70LT U/EW 09 Ies dumd ®38X5U0D "ZT
144 ©TEE £T LZz SE vOT ¥ Jok:] 1 06 ogo0’e 00070LT 38T ¥anda dunp AseeH "IT
vL ¥56 ‘ 95 L8€ SE Lt £2 09 £ 06 oeo's 000°062 3 0f Xonx3 dunp AAmag 0T
$t T4 - ¥4 )84 ar gL o1 oL T 06 00B°L 000'sET gur- g {dAOYS -I0ADRIL 6
1s ¥z - - LE YlE o eIt LA oL A 06 - DGD'L 00C’ORT fw-g {9ACYS X010BIL ‘R
£5 B -1 5E g 0F sel 3T 08 £¢ a6 000°L 0007081 fu g TSPEOT TI9UM "L
20t BLE - 6L LT OF 15¢ €€ ae ay 06 oo0'L - Dod’osz AT 2BPECT YI8UM "9
4 LLE vE o8z 0F LI% ST 08 6T 06 00sS‘L 0D0‘09T T 07 ZezopIlg °§
€L 065 R LOV ol £8T ve i 0¢ 06 . C0087L  000706% 308 IeddTs YITH IS20RTIRE "V
0BT GSH'T ooe SEL'E oY 0Zg 44 o] 86T 06 000’2ZT 000’0012 16 aueIy OTp "f
att S8 e 073 0% SLT X 06 34 06 0a9'0T  QR0‘00e useu 03 suetd SuiwTw dBIDULY "7
o] 7Le'% a8y IEV'E [+ £v1'T 08T 0g ace 06 .8.?2 000‘c0s v /3 pse suegyd Buyysnad * 1

(21} (1T} 50 (6! 15} [ {g) (5] () {€) (¢3 [ B - ot
($501) {("5¥) (550} " 5H) (%} L {$50) {%) {gsn) {3) C3m (5510

Te1oL 37 R {$00T) s3ed (k0] 277 (z08] D*d @38y (%DOT) D°J . waeg s 227§ ‘3107 Aayoedel Jusudinb3 3 uerd 'ON

< 1500 A{INOE 1500 UOTARITZTUTHPY 1503 butiTeday 1500 UOTIETOBIdeg 77T 1560 Bseysing -
LT 0bTE = 0TS = §S0T) :
NCIIVIS HEMOd ONY WYQ 204 I1S0D INEWEINDE ATHOOH (/102121 a18%L

L- 49



CANARECIE IS SRR ALY

(T (o= {2 1) (z} /{27 0% G % (T) 1= (L]
HIESTAERA &S (Z)7{g ox g} x{T) }=(9)
(o) + (p)=(0T} (g} /ey iThm(¥) 1t 230N
3 13 4 i< 0¥ L1 4 09 b 0% 008’9 0C0‘8z 39 ¥3NI3 AZRUTRIO "OC
£ €g z 1€ of F4 T 09 T 06 00t cos'T wogte JonfW PIDIDUOD "§E
£ 85y 8k s0¢ 0¢ E5T. ot 08 az 06 000°8  000°062 u/3 05 ueld burysnzs 87QLIIOS g%
Ll £57% zt zeT 0F i€ 2 2% 3 06 £o0's  000°06 - TT7w mes g
ot oL L 19 og st z os [ 06 000t 000‘SE 30t ZaTTex peoy "gg
145 B5Z zz 5TE of a3 L 08 §1 ve oco0’e 00008t 1 90¢ IBTTeIY AIDAL "ST
k4 £33 0z €8T oy 44 L 08 £ 05 o00’s  000°SE L3 zea doys y2om g
1T z8 ] T ok 1z ¢ 09 4 cB o0C’9  000°FE 33 IaNUEY JaneM CEg
4 ¥iT ] 25 0y ZE £ 0% g 06 000’s  QO0'SE 18 I9NUEI T804 "ZT
i 13 £ i€ il 6 1 ott  z o6 00’ oo’y TRTP W9 dund e{gISAITANS T2
¥ 8¢ z iE ot L T 0IT T 06 GO0’ 0DO0’E EIE WY dund argisIowans "oz
¥I - T 19 0E Lz 4 oe L 13 000t 000'6E MY ¢ Jeumey UGTIBIATA “6T
¥ LE £ T CE 5 1 ov z 06 000“CT bOO‘El YAY 001 Tozerousb 128814 "§7
§ €L 9 19 ot z1 z o 12 3 Q00’01 000‘LY “YA% 00T Fo1zIausd 19597Q "L1
b LE £ T o1 3 ] 1 0¢ z 08 Q00’21 ODOET CuTW/CW ¢ zessaIdwen IV 3T
£z Z61 LT £ oF 6¢ 4 08 71T 06  0CO‘S  000'0LL woite IopEiD IonoW "CT
sz 572 81T E8T ot SE $ op £t 06 goo'L  BOOYOO0T 101 2UBID AONIL THT
|34 89¢ i€ S0E 0¥ £e g8 or £z 06 000°L 000‘0ET 3 Cf UTID YOOI "L
£3 28% 124 85y oS 821 LT oL LZ 06 600°L  DOC*0T2 3 pg euTbexp/m sueid JayMead 'zl
v 8¢ £ g oF 8§ T 0% 4 06 00’y 00COT 180 280N UOTIRINTA "TT
9€ £3€ ] 24 o 69 § o8 L1 06 0006 CO0‘OLE 30z aTTes Buydwel “o7
a9z G971 2 ZET : 0% 4 9 08 8 I 008’8 000°LS 3 01 ¥onEA Qung ‘g
T 891 -h ozt oY £ 9 oL 6 06 000°L  CO0'OL Fw 5t T Teaoys JOIDEIL g
8g o4 =14 ERe4 0y  .BL ot 0L &1 06 - 000°L  000’s21 (A 4 T5AOYS I03IDEIT 'L
[} 5:54 44 £8T 0% 515 g 08 LE4 Q6 200°L  000‘OLT w5 SVUATEG " §
k-1 Ly . k4 59¢ oF G01 ¥ 03 14 06 00074 000%002 XA 0UNDPE "¢
£€ ¥92 N 54 €81 . OF T8 - 11 08 £1 06 00S‘9 " 00056 3ET dwess ‘IITOPTING " b
53 41 -1 SLZ oy L1t 81 06 61 06 oEs ‘L 0e0‘09T 302 Zszopling ¢
jof 4 © 08¢ ¥ - LBE - - ob €81 vz 13 og 06 . 0058°L  00b‘05Z '3 o kddTa ¥ UDUTM/M IBZODTING TE
z6 L IERL RS- TET-1 1 T ok 56T 92 oL Tk 08 000t 000*0ZE a1t : zadesos IOT6H T
: (Z1) ity .. (oLl - (5} (8} L) (8} (S} %) (e} . (2 : {t) - - -
o{ssar 17Sd) - (eshr T (%) (~5¢) 1§50) Y (550) - (%) ("aH) - (ssn) :
TE100 27T 32 (3007T) - 3°T 23 {502).0°1 %08} o°d - 93R%  (80QL) D 4 93y 2175 ‘IID Aztoede) ewdinbz 3 IULT4 “oN
- 2500 ATARCE TSOD USTIEIISTUTUPY . 350D huTxtedsy 1507 WoTlRIsadQag 91T 1S0n 9seyding ’ e

(Q70FLIR = $70E°52 = $=0%)

INBWFOTIAYC SOTI¥OI¥YI ¥4 1805 INFWAIOOE ATHOOH  (2/2)Z1°E'T 21qel

L- 50



fable L.2.13

_CDST BREAKDOWN OF SOCIAL INFRASTRUCTURE::

- Requirement -

: , Unit . Amount
Item S Unit D1 D2 A/D Total Cost Sl
' o {1,000 Rs.) {1,000 Rs,)
1. System D O&M GEfice
A. PROJECT CENTER : : : IR
Project Office No. 1. - - 1 2,660 - 2,660
Quartars .- Gr,V' No 2 - - 2 T 830 11960“
Qutarters - Gr.IV NG . 10 - - 10 400 ‘ _4,000'
Quarters - Gr.III No. 10 - -~ 10 280 . © 2,800
Quarters - Gr.II No. 10 - - 10 ~190 - 1,900
pormitory No 2 - - 2 530 . 1,060
World Food Stoxes No. 1 - - 1 260 260
Fertilizer Stores. No. 1 - - 1 710 710
General Stores No. 1 - - 1 TLrO 710
Workshop/Garage No. 1 - - 1 5,320 . . 5,320
Development Center. No. 1 - - -1 ‘8,860 8,860
Circuit Bungalow No. 1 ~ - 1 930 930
Training Center No. 1 - - 1 1,870 - 1,870
Sub-Total PROJECT CENTER 32,140
B. BLOCK CENTERS : _ :
Block Office : No. 3 1 1 5 530 2,650
Quarters - Gr.IV No. 12 4 4 20 490 9,800
guarfers - Gr.IXT . No. i8 6 6 30 280 8,400
‘Quarters - Gr.il ‘No. 18 6 . 6 30 1900 5,700
Dormitory No. 6 2 2 10 530 5,300
Stores No 6 2 2 10 260 2,600
Sub-Total BLOCK CENTERS ' ' : 34,450
C. UNIT CENTER _ L
Unit Service Center No. 26 7 8 41 270 11,070
Quarters - Gr.IIL . No. 26 7 8 41 . 280 11,480
Quarters - Gr.II No. 26 7 8 41 190 7,790
Stores No. 26 7 g 41 260 10,660
Wells No. ‘156 42 48 246 30 - 7,380
Sub-Total UNIT CENTER ' 48, 380
D. PROJECT CENTER SCHOOLS . _ S g
Sr. Secondary School  No. 1 - ~ 1 10,600 10,600
Jr. Secondary S$chool No.. 1 - - 1 3,190 3,190
Primary School No. 1 - - 1 "2,130 2,130
Teacher House - Gr.IV. No. 2 - - 2 490 980
Teacher House - Gr.III No, 13 - - 13 280 3, 640
Teacher House - Gr.II No. 1 - - 1 190 130
Dormitory ) No. 3 = - 3 320 960
Sub-Total PROJECT CETNE 21,690
SCROOLS
E. BLOCK CENTERS SCHOOLS - .
Sr., Secondary School No. - 1 - 1 Z2 . 10,600 - 21,200
Jr. Secondary School = MNeo. 3 11 5 3,190 15,950
Primary School . No, 3 1 1 5 2,130 10,650
Teacher House - Gr.IV ~No. 8 2 4 14 © 490 6,860
Teacher House - GriIII No. 20 5 -9 .34 280 9,520
Teacher House - Gr.II_. No. . 3 1 T 5 190 950
 ‘Dormitory ' No. 11 3 5 19 320 6,080
Sub-Total BLOCK CENTER : ' 71,210

SCHOOLS :




Table L.2.13

COST BREAKDOWN OF SOCIAL INFRASTRUCTURE {cont 'q)

Reguirement

Unit

Amount,

. dtem “Unit p1 D2 A/D  Total Cost
: : (1,000 Rs.) (1,000 Rs.)
F. UNIT CENTER SCHOOLS
PrOJect Offlce ' No ., 26 i ) 41 2,130 87,330
,Teacher Houses - Gr. 11 No. 26 7 8 41 280 11, 480
_.Teacher Houses - Gr,II No. 26 ¥ ] 41 190 7,790
poxmitory No. 26 7 8 41 320 13,120
Sub- Total UNIT CFNTER 119,720
SCHOOLS
. UTILITIES & SERVICE
FACILITIES =~ "
Piped Water Supply - No. 1 - - 1 21,300 21,300
‘Rural Electrification No. 3 22,100 22,100
Sub-Total. HEALTH FACILITIES 43, 400
H. HEALTH FACILITIES
Peripheral Health Unit  No. 1 - - 1 7,620 7,620
‘Central Dispensary & No. 2 - 3 1,030 3,090
Quarters
Mid-wife Clinic & No. 7 3 3 13 280 3, 640
Quarters-
‘Rural Dispensary & No. 7 3 3 13 280 3, 640
Quarters
Medical Off. Quarters ‘No. 1 - - 1 530 530
Staff_Quarters - Gr.IV No. 1 - - 1 490 490
Staff Quarters -~ Gr.iIII No. 20 - - 20 280 5,600
Sub-Total BLOCK CENTERS 24,610
1. PUBLIC SERVICE BLDG. &
FACILITIES
Police Station No. 1 - - 1 3,540 3,540
Quarters = Gr.iIV No. 1 - - i 490 490
Quarters - Gr,IIX No. 1 - - 1 280 280
Domitories No. 4 - 4 320 1,280
_Gramavasevaka OfflCE/ No. 4 2 ) 180 1,440
Ouarters
Post Office- Telecom/ No . 2 - - 2 2,130 4,260
Quarters
© Sub-post Office/Quarters No 4 2 2 8 530 4,249
"Townhall & Office No. 1 - - 1 1,330 1,330
Sub~Total PUBLIC SERVICE 16,860
BLDG. &'FACILITIES
J. SETTLEMENT PROGRAM .
1. Camps & Facilities Ls 37,300
2. Orientation & "frans. ha 9,100 2,200 2,600 13,900 14,800 14,800
3. Assistance Inputs o
Housing ha 9,100 2,200 2,600 13,900 Ls 36,900
Agricultural Tools. ha 9,100 2,200 2,600 13,900 Ls 8,610
Paddy Seed ha 9,100 2,200 2,600 13,960 Ls 12,300
Tree Plantings ha 9,100 2,200 2,600 13,900 Ls 4,200
Sub-Total SETTLEMENT PROGRAM ' 114,710
TOTAL (1) 527,170

L-
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Table L.2.13  COST BREAKDOWN

OF SOCTAL INFRASTRUCTURE (cont'd)

_Redquirement

e Unit Amount ..
Item Unit D1 D2 A/D Total Cost I
: {1,000 Rs.)(1,000 Rs,) .
2. 'Mora.g_eh'ak'an_d. a4 Dam O&M Office ST AT
A, Project Office 'No. - - - 1 2,660 2,660
Quarter - Gr.v No. - - = S 2 530 1,060
Quarter - Gr. IV No. - - - 10 - 400 4,000
Quarter — Gr.ITII No. - - = 15 T 280 4,200
Quarter - Gr., IIL No. - - - 20 190 3,800
Domitory No. - = - 3 320 960
Circuit Bungalou No . - - - 1 930 930
Store _ Neo. - = - 2 .. 260 520
Workshop/Warehouse No. - - - 1 5,320 5,320
TOTAL (2) . 23,450
3. Others .Ls 58, 380
GRAND TOTAL §10,000




Table 1.2.14 USEFUL LIFE AND REPLACEMENT COST

Items Useful Life Cost
- (Years) (1,000 US$)

~A. Dam & power

- Hydromechanical works ' 30 8,928

- Power .generating 30 20,976
equipment

-~ Transmission line 25 1,468

*B. Irrigation facilities
- Gate 25 2,019

C. O&M equipment _ ' 10 9,833

L.- 54






	ANNEX - K PRELIMINARY DESIGN OF MORAGAHAKANDA DAM
	TABLE OF CONTENTS
	LIST OF TABLES
	K.1 SUITABLE LAYOUT OF MAIN STRUCTURES
	K.2 DESCRIPTION OF RESERVOIR, DAM AND POWER FACILITIES
	TABLES
	Table K.1.1 COMPARATIVE STUDY OF SECOND SADDLE DAM
	Table K.1.2 COST COMPARISON FOR ALTERNATIVE LAYOUTS OF MORAGAHAKANDA DAMS


	ANNEX - L CONSTRUCTION PLAN AND COST ESTIMATE
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	L.1 CONSTRUCTION PLAN AND TIME SCHEDULE
	L.1.1 Implementation Schedule and Mode of Construction
	L.1.2 Basic Considerations
	L.1.3 Preparatory Works
	L.1.4 Construction Plan
	L.1.5 Construction Time Schedule

	L.2 COST ESTIMATE
	L.2.1 General
	L.2.2 Basis of Estimate
	L 2.3 Financial Cost
	L.2.4 Disbursement Schedule
	L.2.5 Operation and Maintenance Cost
	L.2.6 Replacement Cost

	TABLES
	Table L.1.1 HOURLY PRODUCTION RATE OF MAJOR EQUIPMENT
	Table L.1.2 MAJOR PLANT AND EQUIPMENT FOR DAM AND POWER STATION
	Table L.1.3 MAJOR PLANT AND EQUIPMENT FOR IRRIGATION DEVELOPMENT (1/2 - 2/2)
	Table L.2.1 SUMMARY OF FINANCIAL COST FOR THE PROJECT (DAM, POWER & IRRIGATION)
	Table L.2.2 SUMMARY OF FINANCIAL COST FOR THE DAM AND POWER
	Table L.2.3 SUMMARY OF FINANCIAL COST FOR THE IRRIGATION DEVELOPMENT
	Table L.2.4 ANNUAL DISBURSEMENT SCHEDULE (1/4 - 4/4)
	Table L.2.5 (1) PRICED BILL OF QUANTITIES FOR DAM & POWER GENERATION (1/3 - 3/3)
	Table L.2.5 (2) PRICED BILL OF QUANTITIES FOR IRRIGATION DEVELOPMENT (1/3 - 3/3)
	Table L.2.6 BREAKDOWN OF LAND ACQUISITION AND BUILDING COMPENSATION COST
	Table L.2.7 OPERATION & MAINTENANCE COSTS
	Table L.2.8 O&M EQUIPMENT
	Table L.2.9 UNIT COST FOR MAJOR WORKS
	Table L.2.10 LABOUR WAGES RATE
	Table L.2.11 UNIT PRICE OF CONSTRUCTION MATERIALS
	Table L.2.12 HOURLY EQUIPMENT COST (1/2 - 2/2)
	Table L.2.13 COST BREAKDOWN OF SOCIAL INFRASTRUCTURE
	Table L.2.14 USEFUL LIFE AND REPLACEMENT COST



