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STIMMAEY OF THE PROJECT

1. Purpo se

To irrigate about 51000 ha vhich vill be exter:ded for a.bout 10,000 ha

in the near future, of the existing paddy lanil with the aim to expand

agriculturaL potentiaL providing vith year round irrigation by con-

structing the irrigation and dra,ina,ge systems as lrel1 as roacl system,

as the initial stage of agricultural development in the Kankai river
bas in ,

2. Location

Far eastern Terai plain along the right bank of the Kankai River,
Jhapa. District, Mecli Zone

). Water Resource

Kankai River, Tributa-ry of Ganges River

4. Construction Perioil

Ma.in Civil l{orks October I97) to June 1980

Agricultura.l Sub-Station October 7973 to January 1976

5. Administrator

Kanka,i Development Board, HI'GN

6. Contrac tor

Korea Developrnent Corporation, Seoul, Republic of Korea

7. Engineering Cor- sultant

Nippon Koer Co., Ltd., Tokyo, Ja.pan

8. Construction Co st

Foreign Currency US$3r786,959
1t92 ,982 ,OOO

Loca.I Currency I,iR,45 ,324 rOO0



9. Financial Sourc e s

Loan from Asia.n Development Bank and National Budget of HI4GN

IO. Principal Feature s

a) Cropping Pattern

5,000 ha of paddy in vet season

1,750 ha of paildy in dry season

1,500 ha of vheat in dry season

750 ha of jute in dry season

500 ha of maize in dry sea.son

500 ha of miscellaneous in dry sea,son

b) Main Civil Works

i) Headvorks

Concrete r.,eir Crest Length: 126.A n

l{eir Height : 1,85 m

Scouring sluice Sluice Gate : 3,50m x 1,85m x 3 Nos.

ii) Head Reach

Typ" Trapezo iclal concrete Lineal

Length L,426 n

Design capacity 10.I5 mll sec

iii ) Settling Basin

Ifidth Base: 6.) n Top: 12.8 m

Length 144 m including inlet & outlet transitions
out1et channel Tra,pezoidal concrete lined: 367 n

iv) Irrigation Canal

Type Discharge Length
(m3./s e c ) (.)

llain canal Trap. conc. 10.15 11,500

secondary ca.nars 
t'"''::"""""u 

ll:lll
Tertiary canals " 71 , 500
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Y) Drainage Canal s

TYP"

Length

vi) Road

Trunk road

Main roads

Secondary roacl s

vii) Related Structures

Irrigation Svstem

Si phon

Culvert
Turnout

Check

Spillway
Drop

Cro ss drain
Br iilge (concrete )

Drainage Svstem

Box culvert
Pipe culvert
Drop

Road Svstem

Br id.ge

Causeway

Cross drain
Cross culvert

Trapezoidal unline<I

30,000 m

1{ialt h
lr-f

6.5

4.O

Gravel 3.5 x 0.2

Length
(r)

20 ,)64
7o,694

7r,5oo

Main
C anal

Secondary
Cana I
(Nos, )

Tertiary
C ana l
(t'to s . )

Secondary
Road

(Nos.)

I

TNr* )

3

t
7

)

1

13

4L

t0

5

22

7

4

65

t28
)o

t2
67

16

I

Trunk
Road
G"-

Main
Road

(Nos. )

7

T2

I I

Flood Protec t ion
Gabion 14 ,000

ta l

m3

II



viii ) Engineer's Office

Office

Quarters
Store hous e

Garage & others

& Quarters

1No.
12 Nos.

I
6

,o, q

| ,7 02.4

300 .0

507.5

m2

n2

m2

n2

c) Agricultural Sub-Station

i ) Bui td.ings

ASS office
Co-op. office
Staff quarter
Trainee hostel
Engineerr s re s iclenc e

Store hous e

\rrork shop

Garage & o the rs

ii ) Farm

Nos.

t-

1

2

)
I
4

2

3

Area,
(.2 )

260

497

285

6L)

268

800

250

),55

3,000 m

1,300 m

l1 Nos,

31000 m

Experimental farm

Se erl multiplication farm

iii) Irrigation & Drainage System

Irrigation canal

Drainage canal

Related struc ture s

Farm road

5ha
35 ha
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CONTRACT A.DMINI STRATION

A . AS IAN DEIELOP},IENT BANK

A-1 Technical A"si s@S_{ry!

Purpose

Agreement

Amount

Period

A-2 Loan Agreement

Purpo se

Agreement

Amount

A-3 Contract for ConsultinA Services

Purpose

: Technical assistance for feasibility study
and preparation of tender dravings a,nd.

tender documents for civil engineering
vorks for the Kanka i Irrigation Project.

Agreement was signe<I on betveen the Asia,n

Development Bank and His Majesty's
Government of Nepal.

: US$190,000

: Ja.nuary, 1971 - Jarrtary, 197 2

To clevelop about 5,O00 ha of the existing
farrn land for year-round irriga,tion farming
by means of constructing irrigation, clrainage

and road facilities in the project area.

Agreement was signed on betveen the Aslan
Development Be.nk and His Majesty's
Government of Nepat, Loan No. 85 NEI' (SF)

US$4, 500,000 (Original)
US$6,100, 000 (Anen<Ied)

: To provide for an overa.ll study of the
Kankai Multipurpose Project and a feasibility
study of the Kankai Irrigation Project as

ve1l ve preparation of tender clesigns and

specifica.tions for the major civil vorks.



Contract Date : Contract va,s ma,de on January 15, l-97l

betveen the Asia,n Developrnent Bank and

Nippon Koei Co., Ltd,

Contract Amount : US$190 r 000

Per iod : January 15, 197 | - Janua,ry L5, 1972

B. HIS MJESTY' S GOIERNI"IENT

B-I Contract for Main Civil ltlorks

Purpose : To construct major proiect facilities such

as headvorks, main and seconilary irrigs,tion
canals, drainage canals, farm roads and

various related structures,

Contract Date : Contract vas signed on September 13, l9i 3

betveen the Kankai Development Board and

Korea Development Corporation.

Amount : NR 451055,525 of which 6 % ts to be pa.icl

by US <Iol1ars, (Reviser1 amor-rnt NR.49,805,2$)

Periocl : September 2l , 197) to May 31' 1980 inclucling

rnaintenance perioil of 365 days,

B-2 Contract for Construction of the Agricultural Sub-Station

Purpose : To esta.blish an agricultural sub-station
vhich has an experimeatal and dernonstration

farm of a,bout 40 ha.

Contract Date : Contract vas signed on Septernber l), 1973

betveen the Ka,nka i Development Board and

Korea Development Corporation '

Amount

Period.

: NR 3,600'OOO (Revisecl amount NR 218681647)

: September 21, 1973 to February 5' 1977

inclucling 365 days of naintenance period.
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B-3 Contract for Supply of Laboratory ancl ASS Equipment

Purpo se : To supply and deliver labora.tory and ASS

equipments at site.

Contract : Contracts vere made between IOB and the

follorring suppliers,

(r) Supply of Micro Bus

Contract Date : January 27, 1975

SuppLier : Nepal Impex Ltd. (Nepal)

Contract Anount : Ytr4lI,901 (CIF Calcutta)

(2) Supp1y of Motor Cycle

Contraci, Da.te : ApriI 23, 197 5

Supplier : Bhajuratna Agency Ltd. (Nepa1)

Contract Amount : 1439,500

(3) Supply of Tractor and Agri. Tools

Contract Date : Februar;r, 1974

Supplier : Clarke Gravely Corp. (USl)

Contract Amount : US$2,800

(4) Supply of Laboratory Equipment

Contract Date : January, 1975

Supplier : Saco International (Nepal)

Contract Amount : DM 28,161
NE 5,328

(5) Supply of Laboratory Equipment

Contract Date : Ilovember, 1974

Supplier : Trump Atller Facture (lK)
Contract Amount ; €2, 808

vr I



(6) Supply of Photocopy Machine

Contra"ct Date : January, 1974

Supplier : Rex Rota,ry Inc. (Denmark)

Contract Amount : D.Kr 91782

(7) Supply of Typewriter

Contract Da,te t Ja'n:oa.ry, 1974

Supplier : Trump Adler Facture ($est Germany)

Contract Amount t Dl4 11696.9

(8) Supply of Hand Duster. Spraver and Etc.

Contract Date : June, 1975

Supplier : Chiyoila Trading Co., Ltil.
Contract Arnount : US$35 2.80

(9) Supplv of Projector a,nd Screen

Contract Date : June, 1975

Supplier : Sumitomo Shoji Corp., LtcI.

Contract Amount t Y4l2 r1)0

(10) Suppty of EImo Screen

Contract Date : July, 1975

Supplier : Osaka Foreign Trade, Ltd.
Contract Amount z *58 1645

(11) Supply of Meteorologica.l Equipments

Contract Date : June, 1975

Supplier : Sumitomo Shoji Corp.r Ltd.

Contre,ct Amount : Y2 rO80 r72O

vI11



B-4 Contract for Construction Equipments for Minor I{orks

Purpose : To supply and deliver the folloving con-

struction equipments ancl spa,re parts at
the site,

Contract : Contracts vere made between KDB and the

folloving suppl iers ,

(i) Supplv of Concrete Mixer and Concrete Vibrator

Contract Date : June l), 1975

Supl,lier : Dejong viamen (Netherland)

Contract Amount : D,GI )6162),41

(2) Supply of Road Rol1er

Contract Date r May 10, 1975

Supplier : Tractor Inrlia Ltd. (fnaia)
Contra.ct Arnount z *6 rO42 1292

(3) Supplv of Bulldozer (3)

Contract Date : June, 1975

Supplier : Bharat Earth Mover Ltd, (lndia)
Contract Amount : Y)6,241,92O

IR 195,000

(4) Supply of Grader, Truck Crane, Trucks and Etc.

Contract Date : April, 1975

Supplier : Toyota Tsusho (Japan)

Contract Amount z Y6O 1922,)OO

B-5 Contract for Engineering Services

Purpose : To supervise the construction of facllities
of the Ma.jor Civil Works for about 5,000 ha

of farm land and the Agricultura.l Sub-Station,
and assist the Government in procurement of
equipment anrl materials required for the project,
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Contra,ct Da,te : Contract v&s signed on November lO, 1972

betveen the Departmer:.t of Irrigation,
Hydrology and Meteorology ancl Nippon Koei

Co. , Ltd.
Amount ': Y447,2681000 (Amend.e<l +.o EL92.982,6OO)

8-6 Contra.ct for Minor Civil l{orks

Purpose : To construct and compLete minor civil works.

Contract Da.te z 1977 - 1979

Amount

Period

: NR 1r 658 ,000

I 1977 - L979

B-7 Force Account Vorks for Minor Civil lforhs

Purpose : To construct minor irrigation facilities on

Tertiary Irrigation Canal s .

Estimated Amount : NR 21447,000

Period- : January 1977 - June 1980

x



cm: Centimeter m: Ileter
km : Kitometer m3 : Cubic meter

m3/5sc : Cubic meter per second 63/nrn : Cubic meter per minute

^3fh, 
, Cubic meter per hectare ha. : Hectare

kg, Kilogram !t Liter
t/ha z Ton per hectare t : Ton

cm/sec : Cer:.tineter per second tin2 z Ton per square meter

kV : Kilovatt kVA : Kilovolt ampere

HP : Horse pover cft : Cubic feet
cu.m : Cubic meter cc : Cubic centimeter

ABBREVIAT ION

HI"IGN : His Majesties Government of Nepal

ADB : Asian Developnent Bank

MCV : Main Civil l{orks

ASS : Agricultural Sub-Stat ion

KDB : Kankai Development Boa.rd

KIP : Kankai Irrrgation Project
EOQ : Engineerrs Office and Quarter

NR : Nepalese Rupe e

IR : Indian Rupee

D. Kr : Denmark Krone

D.Gl : Netherlands Guilder

EI : EL evat i on

I'ig,; Figure

Q'ty : Quantity
HR : Head Reach

TB : Trunk Road

MR : Ma.in Roacl

R-I : Reach I

US$ : United State Dollar
Y : Japanese Ten

DI1 : Germany Mark

€ : United Kingdom Pound

I t Percenta,ge

DRl{ : Draving

I'{IC : Main Irrigation Canal

SIC : Secondary Irrigation Canal

TIC : Tertiary Irrigation Canal

SR : Second.ary Road

x1
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I. IMTRODLiCTIO\

1.1 General

The vater resources development of the Kankai rrver had long been

draving attention of I+1GN. In 1970, HIIGN prepared a nation vide ma,ster

plan for the irrrgatlon developrnent in vhich the Kankai Irrigation Project
was accorded vith the top priority.

HI'IGN formally requested techlical assistance in carrying out a

feasibllity study of the Project to the Asia.n Development Bank (AnB) rn
0ctober 1970. In response, A-DB despatched a Technical Assistance Team

consisting of members of Nrppon Koei Co., Ltd. in Janua,ry 197I. The ternr

of reference of above T,'A team covered on overall study of the Xankai

)lulti-purpose project and a feasibility study of the Kankar Irrigation
Project as rrell as prepara.tion o1' the subsequent tender designs and

specifications together wrth the detailed design of the 1.gricultural
Sub-Station to be established vithin the Project area. The fea.sibilrty
reporl. a,s ve11 as tender documents were prepared in February 1972.

The construction of the project vas drvid.ed into two contracts

na.nely, Ma.in Civil Vorks (MCw) and. Agricultural Sub-Station (-{SS),

Invita.tion for prequalifrcation of tenders for the contract for IICk' vas

advertised. in }larch 1972, vhiLe invitation to tenders for contract for
ASS was made in August 1972. Ihe both contracts for !lC\{ and .{SS vere

signed betveen the Kankai Development Board (KDB) and the Contractor in
September 197L

The const,ruction of the both I1CV and ASS was commenceil in October

1971 and successfully completeal in IIay 1979 for IICW and Februa.ry 1976

for ASS respectively. Since the beginnrng, the construct,ion works had

been often suspended. and interrupted due to shortage of construction
materials rmported as velf as cielay in delrvery of the materia-ls anal

equipment mainly because of port and inland. transportatron congestions

rn India. Accordingly, the completion time of MCl{ and ASS was extended

for three (3) y".." for MCW and 22 months for ASS respectirrely from those

times contracteil originally.
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Since July 1977 about 70O ha Iocated. upper part of the irrigation
a,rea, ha,s been irrigated. after the upper reach of the irrigation system
rras constructed, 0n the other hantl, ASS has been pa,rtra,11y put into
operation frorn February 1975 and been in full operation since the begin-
ning of 1976. Approxima.tely 2,0O0 ha have been irrigated from JuIy 1978

and 5,000 ha in total from July 1979.

Acknowl edger,ent is sincerely expressed to all those vho participa,ted
in the construction of the project since the beginning.

1.2 The Froi ect

1. 2.1 Purpo se

The project envisages to achieve an a,gricultural development through
introCuction of the intensified year round irrigation farming into about
5rO0O ha of the existing farm tand, utilizing the natural ftov of the
Ka,nka,i ri]rer. Ior this purpose, the foltoving ma,jor project works a,re to
be ca,rried out,

i) Construction of headvorks in the Kanhai river,

ii) Construction of irrigation anil d.rainage facilities up to 40 ha.

of service units,

iii) Construction of trunk road, ma,in roads and farm road.s, anil

iv) Establrshment of Agricultural Sub-Sta.tron and construction
of irrigation, drainage and road fa.cilities for about 40 ha

of denrons t ra,ti on farm.

The project includes not only proyision of a.bove physical facilities,
but also introduction of modern improveil irriga,tion farming for vhich
special efforts of coordination are requireil on the following various
activitiesi

i) 0peration and maintenance of project facilrties,
ii) Setting up of r^,ater users' organi zal;ron,

iii) Adequate suppl-y of agricultural lnputs and creilit,
i,.) Provislon of agricultural extension services and

v) Provision of processing and marketing fa,cilities.
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1.2.2 Cropping Pattern and Irrigatlon Requrrement

The cropping pattern proposed rn the original feasibility report
consisted mai-nly of jute from }larch to July and paddy from August through

Decernber, Ilowever, from the viewpoints of availa,b1e fa,rm labor and stable

farm income, the folloving cropping pattern is to proposed to be introduced

in the proj ect area.

Crop Area Cropping S eas on
(h.)

lst paildy I,75O Mar. 20 - Aug. I0
Wheat I,500 Nov. 1O - Apr. 10

Jute 75A Ma.r, 10 - Aug. I0
lLaize 500 Feb. I - Jun. 20

2nd paddy 5,000 JuI, I - Dec. 10

Based on the above cropping pattern, irriga,tion vater requirement

vas estimated at fulI development, Diversion requirement for 5r000 ha,

vas accordingly estimated for ea,ch nronth as follovs:

Unit : 
^) f sec

Jan. Feb. Mar. Apr. May Jun. Ju1 . Auq, Sep. Oct. Nov. Dec.

D/R t.2 r..l r.8 ).2 1.0 r.7 2.3 2.4 ).2 4.5 r.7 O.9

R/F 11.0 10.0 8.2 7.5 r1.7 27.5 151 158 t24 40 27.6 r7.r

Note: D7'R Monthly diversion requirement
R,/F Monthly average riyer flov of the Kanka"i river

Irorn the ayarlable run-off of the Karkai river, another 5,000 ha of

farm land could be lrrigated so that the upper reach of the main canal

rras constructed. so a,s to hawe a ma,ximum ten-day d.esign d.ischa,rge capa,city

of 10.6 p37sec to cover 1O,OO0 ha of farm lanil.
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I.2. J Anticipated Yield and Prod.uction Value

Since 1976, test farming of the proposed. crops he,s been conducted a,t

ASS. Though the resul-ts of test are ra.ther short, the anticipated yield-

a.t full development in the project a,rea, is estlmated at 3,5 ton/ha of Ist
paddy, 3.5 ton/ha of 2nd. paddy, 2.O tor,flna of L.heat, 2,O l,onfha cf maize

and I.9 ton/ha of jute based on the above results. The total production

of crops a yea.r in the project area of 5,000 ha is thus estimated as

follows:

Crops

1st pa.ildy

2nd paddy

I{heat

Maize

Jute

Miscellaneous

Total

Crops

Pa.d.ily

Jute

\fheat

Maize

MisceIlaneous

TotaI

Are a
G;T

L,750

5, ooo

1,500

500

750

500

10,000

Yield'(?t"l

3.5

).5
)n
)n
1,9

1.0

?roduction
( 103 r)

6 1125

17,5OO

3,ooo

1,000
1 A)q

500

Unit Price
(Ntr)

1,loo
l, 100

1,500

750

2 ,5O0

500

Gro ss Value
(NR rol )

7 ,962

22 ,7 50

4,5OO

750

3 ,563

250

39 .77 5

Gro ss Yalue
(NB 103)

7 ,800

11462

180

75

50

9 ,567

Meanvhile, the present production of crops

those gross value are estirnateil as follovs:
in the project a,rea, a,nil

Area Yield
G;I Tt/t "l
5 ,000 1.2

650 0,9

200 0.6

100 1.0

100

6 ,050

Prod.uction Unit ?ri ce
(NR )

l,l0o
2 r5Ao

1,5O0

750

500

(rol r)
6,000

585

120

100

Incremental production Yalue of
about NR 10,000,000.

the proj ect

-4 -
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II. DESIGN OF THE WORKS

2.1 General

KDB is responsible for the design and implementation of the project,
under vhlch the Project Office have been set up at the srte. The Project

Office harre been carrying out investigation, canal alignment survey,

detaited design, construction supervision and operation and maintenance

of irrigation system.

Immed.iately after the Contract for trICl{ vas signed between KDB anil the

Contractor, the layout of irrigation canals, subsequent road layout anil

the design discharge of canals Lere substa,ntia,lly revised from those shown

in the tender design drawings. The major reasons and circumstances a.re

as follovs:

i) River ba.nks of the Kankai and its tributaries running through

the project area have been considera,bly erocled so that the some

of canal routes a,ligned previously vere needed to be replaced.

ii) After revising the cropping pa"ttern,

fa,rm land in total vere found to be

flov of the Kankai. Accorilingl)' the

irrigatron canal vere required. to be

to have sufficient design capacity.

a.bout 10,000 tra of the

irrigated by the natural
upper reaches of the n'rain

enlarged so as to enable

The foundation rnvestigation for facilities, and canal re-allgnment

survey vere carried out parallelly from the beginning of 1973 and corn-

pleted May I976. Subsequently, those detailed design vorks alere carried
out from the upper reach of the canal through the lover end., and com-

pleted approximaiely tvo Jrears in advance of the completion of the

construct ion vork.

2.2 Headvork

The iliverslon veir site vas selected at the debouching point of the

Kankai. river fron the hills to the Terai plain, about J km r,orth of the

East-I{est Highva.y brldge. The river bed of the site is covered by a rich



layer of sanil and gra,vel vith rather hard stra,tification of non-cohesive.
The permeability coefficient is in a,n order of lO-l cm/sec in the sand

and gra,vel layer and 104 cm/sec in the bare rock respectively, The

thickness of sand and gravel layer is about 12 m in the center and becomes

gradua,lly thinner tovards both banks. The base roch consists mainly of
shale and partly of sand stone, silt stone, mud stone a,nd s a,ndy shale.
The results of field penetration test shov that altovable bea,ring capa,city
of founda,tion ranges from 4,7 t /n2 to 7.O L/nZ r^'hich is less than loa.d oi,

r^re ir body de signed..

Concrete diversion veir vil,h a length of 126 m and 1.85 m height vas
adopteil. 28 m long of rear apron vith I m thick vas providecl. In the
right most portion of the veir a scouring slurce of 16.5 m vrde vrth 3

sets of ge.te vas provided.. Ea"ch ga.te 3.5 m vide and 1.85 m high, rs to
be opera,ted. by man pover. Crest eleva,tion of the veir and rea,r &pron vas
determinecl aL El. 1.2I .35 and E1. 119.20 respectivety taking the current
riyer bed and quantity of canal excavation of head reach into account.
For the <Iolrnstream protection against scouring, ma,tters of artlculated
concrete blocks vere <lesigned to be provided for 10 m tong. Because of
rather high permeabitity of the foundation, steel sheet pile vith a.bout

10 m ilepth at the d.eepest portion vas designecl to be drlven at the cutoff
vall-. The veir body vas desrgned to be supported by concrete bearing pi1e,
35Ocm x 350cm, vith 2.5 m interval.

ImpJ-ementation of the diversion veir and scouring sluice resulted in
the folloving tvo ulforseen phenomena.

i) The front of scouring sluice gate va.s heaped vith tremendous

ilrift voods and objectionables and subsequently clogged up vith
sediment materials by the flood flor", of the Ka.nkai.

ii) Ihe certarn reaches of downstream riyer bed of the Kankai have

been eroded for 1.0 m to 1.5 m depth by the flood flow because

the annua,I river bed loads and sedimert loads transported from
the upstrea,m ha,ve been mostly accumulated a,t the upstream portion
of the diversion veir vithout being transported to the dovnstream.
Accordingly, the nost of articulated concrete block matters have

sunk about 1.2 to I.5 m.



In ord.er to cope rri th above problems the folloving c ouni,e rmeasure s

were tak en I

i) Log protection structure with nine (9) piers at 2,) n intervals
vere designed to be provided a,t about 30 m upstrea,m of the

scouring sluice i

ir) Launching apron vith concrete block vith 20 to l0 m long vere

designed to be pla.ced from the end sill of concrete apron. Then,

6 m long of ripra,p vith wire crate vere further provided a,t the

most dovns tre a,nr portion,

The intake structure vas designed to be constructed. at immediately

upstrea.m of the scouring sluice on the right ba.nk of the river. The intake

bed elevation is to be EI. 120.20 m vhich is 0,70 m higher than that of

by a sluice gate with f.im vidth x 1,80m height to be installed at the

inlet of intake culvert.

Remarks: I The actual discha.rge is about 16.6 p3/sec because
the actual roughness coefficient is smaller than
the de s i gned.

2.J Headreach and Settl-ing Design

Because of the topographic reason, the settling basin rras designed

to be constructed a,t about I.3 kn dorrnstream from the intake structure.
Head Tea'oh was planned to have a discharge ca.pacity of 10.15 .l/"e", The

canal runs southvestvard vith trapezoidal concrete lined canal, The

deposit materials of settling basin were designed to be scoured to the

Kankai river through 367 m long of tra.pezoidal outlet cha.nnel lined vith
concrete. Three concrete box culverts a,ere d.esigned to be constructed

at the points r.'here the headreach crosses vith natural drains. Design

features of headTeachand settling basin are as follows. The general

plan and sections of settling basin is shovn in DRW No, 4 attachecl,
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i ) He a.dre ac h

Length

Design Capa,c ity

Slope

Thickness of Lining

ii) Settling Basin

Type

Length

iii ) outlet Channel

TYP"

Length

Slope

Thickness of Lining

2.4 Main lrrigation Canal (MIC)

2.4.1 Canal

Open Channel

Trapezoid.a,l cro ss
section of I: I.25
lined vith c onc ret e

t,426 n

,0,15 ,3/sec

t/2 ,oao

15 cm

Culvert

Concrete box c ulve rl,
vith tvo barre 1s

246 m in to tal

aO. 15 ,3/sec

t/g>o

25 cm

Type

Bottom vid.th is 6 m

tova,r<Is dornstream.
upper end and 3.6 m

144 m

a,nd deepened gradually
Depth is 2,6 n at,

at Lover end

Tra,pezoidal cross section lined vith
concrete

)67 n

L/7oo

15 cm

MIC sta,rts from the settling basin and runs southea,stvard. After
crossing the Jhilijhili river, at about I0 km from the beginning point,
MIC changes its clirect.ion to south and then bifurcates at a.bout 14 km

point. About 11.5 km long of the upper rea.ch vas designed- to be lined
vith concrete of vhich 3.3 km long vas to be pla.cecl vith concrete block
vhere ground I'atertable is relatively high. MIC is classified into four
(4) reactres a,ccording to the ilischarge capacity. Each reach is designed

o



to have a trapezoidal cross section vith l:1,25 in concrete lined section
and 1:1.5 in unlined. section respectively as shovn in DRI{ No. 5 a,ttached,

The design features a,re shovn be1ov,

Table 2.1 Canal Trrpe and Capaclty of MIC

Na,me

Rea,ch I

Reac h

Re ach

Reach

II
I I1

IV

Tvp"

Concrete L ining
(parily block lining)
Unlined

Lrnl ined

Unlined

Slope

11, 500 1:1000

2 r600 l:1850
2,767 l: 15 40

5,533 I : 1540

Discharge
(m3/sec )

IO.I5

4.r5
r.95
r.95

2,4.2 Relaled Struc ture s

Major structure s related
spi1larays, checks, bridge s and

lrere planned to be provided at

and d.rain. Major features of

to IIIC are siphons, culverts, turnouts,
bifurcation structure, Siphon and culvert
the place vhere MIC runs across the river

those structures are shovn belon.

i) five (5) siphons are pla.nned. to be constructed vith concrete box

culvert and a trash rack is provrd-ed at the head of each siphon.

Table 2.2 Design Feature of Siphon

Location a,t B,PName L ength
(r)

t94.50

r81.0
85.0

108. 5

1 .90

1 .90

r.90
1 .90

t.r0

1.90

r.90
r.80
1.80

1.10

10.15

t0.15

9.11

I .67

r.95

I{idth Height Discharge
(, ) (r) (m3lsec )

No. I Siphon

No, 2

No. 3

No. 4

No. 5

0+15.65 Reach

12+39 Reach

70+55.3 Reach

96+37 Reach

27+36 .5 Hea.ch

I
I
I
I
IV
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No. 6 Culvert
No. 7

No. 8

No. 9

No,10

No.It
No.12

No.13

ii ) Culverts

Concrete box culverts vith tvo barrels are provicled a,t the places
vhere MIC cross the East-Irrest Highway. Trunk road and the natural
clrains vhich run through the topogra.phy of conpa.ratively higher
elevation. Eight (8) culverts a.re pla.nned to be provided. The

major fea,ture is shovn in the follorring tab1e.

Ta.ble 2.1 Design Feature of Culverts

Na,me Location at B. P.

15+29 Reach I
16+52 Re a,ch I
2l+Ll Rea.ch I
3l+2 Rea.ch I
45+8) Rea.c h I
48+60 Reach I
62+2 Reach I
125+91.5 Reach II

iii ) Turnouts

10 seconilary and 11 tertiary turnouts vere designed to be pro-
vided on MIC. In order to distribute irrigation vater properly,
ea,ch secondary turnout ls proviiled. vith a Parshall flume at its
immedia,tely d.ovnstrea,m. Design feature of those turnouts is
ta.bula.ted in the folloving Table 2.4.

Length l{idth Heisht Discharse
\- 

- 
,- (rJ-"C]

)7 I.65x2
45 1.65x2

45 l.6ix2
,3 1.65x2

48 L.65x2

48 1.65x2
2L 1.65x2

16,50 t.65x2

I .90

1.90

r.90
r,90
1.90

r.90
1.80

r.60

10.15

10.15

10.15

10.15

10.15

10.r5
a )n

4.55

- r0 -



Name

Table 2.4 lgglg4_Feature of Turnouts

Locatron Si ze of Gate

S-1 Turnout

s-4

s-5

s-6

s-7

s-9

s -10
s-11

(R-r )

(,')
(")
(")
(R-r1)
(R-rrr )

(,,)
(R-rv )

(" )

(,')

(I{(m) x H(m))

I.2 x I.1
0.7 x 0.9

1.0 x 0.8

1.0 x 0,8

1.0 x 1.1

0,4 x 0,9

0.7 x 0.9

0.6 x 0,7

0.7 x 0.9

0.7 x 0.9

Discharge
( 63/sec )

0,851

o .259

o.425

o.477

0.910

a.rr4
o .262

0 .r44
o )q 5

0. 16i

Command Area
(h")

7)6.t
226 .6

)7 2.4

4L7.5

798.0

116.1
) 1n )

126.5

259.)

r44.4

56+5o

7 5+90

to7+82

115+O0

116+00

I4+00

27+64

25+)1

40+00

5j+)o

T0-t
TO-2

T0 -l
T0-4

T0-5

T0-6

T0-7

T0-8

T0-9

T0-10

T0-Ir.

TO-I2

66+r 9

8)+97

8)+97

95+)5

98+97

98+97

l- 1i+0 0

121+48. 8

126+10

I26+10

1l1+00

131+00

(R-1 )

(,')
( ,' )

(")
(")
(")
(")
(R-rr )

(" )

(" )

0,4 x 0,6

0.4 x 0.6

0.4 x 0.6

0,4 x 0.6

0.4 x 0.6

0.4 x 0.6

0.4 x 0.6

0.4 x 0.6

0.4 x 0.6

0.4 x 0.6

O.4 x a.7

0,4 x 0.6

0.083

0. 019

0.028

0. 032

0,012

o .o45

0. 019

0.020

o,o52

o.026

0. o39

0.031

(

(

72 .7

r6.6
24.8

10. 1

37.2

L6 .6

17 .7

22.4

3),8
27 .6

TA-1

TA-3

TA-4

TA- 5

TA-6

o+50

7+00

7+00

14+00

27 +164

(R-rrr)
(',)
(' )

o .o29

o .o24

o .o22

o.025

2',8
2l ,7
19.0(

(

0.4 x 0.6

0.4 x 0.6

0.4 x 0.6

0.4 x 0.6

0,4 x 0.6
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Na,me

TB-0 Turnout

TB-1

TB-]

TB-4

TB-5

TB-6

TB-7

TB-8

TR_q

TB_10

TB-r.t

Name

S-1 Check

s-4

s-6

s-10

S-II

Loca,tion

1+50 (R-rV )

4+90 (" )

Size of Gate
(v(m ) x H(m) )

O.4 x 0.6

0.4 x 0.6

0.4 x 0.6

0.4 x 0.6

0,4 x 0.6

0.4 x 0.6

0,4 x 0.6

O.4 x 0.6

0.4 x 0.6

0,4 x 0.6

0.4 x 0.6

0.4 x 0.6

0.4 x 0.7

Discharge
( m3 7's ec )

o.o2)
0.031

0. 026

0. 018

0.012

o. 018

o.o22

0.o28

o .025

o.o22

o.474

0, 0I7

o.052

Command Area
(ha )

20 .3

29.3
,t o

28 .4

)).5
]o )

24.)
)t o

19.6

67 ,1

14.8

45.8

i., ) Che c ks

Check structures were designed to be provided for maintaining
vater level of MIC mainly at immediately dorrnstream of second.ary

turnouts. Some of the check are provirlecl lrith a drop where

requrred from the hyclraulic vievpoint, l0 checks of altogether
are provided on MIC as shovn in the fo1loa/ing Table 2.5,

Table 2.5 Design Feature of Checks

4+9O (

12+50 (

12+50 (

18+5o (

18+10 (

29+00 (

29+00 (

40+00 (

48+50 (

a8+50 (

5 5+lo (

Location

56+5t (R-r )

75+91 ( " )

to7+85 (l' )

115+t ( " )

r)5+3 (R-rr )

14+f (R-rrr )

27+67 ( " )

25+26 (H-rY )

4O+) (" )

5 5+3t ( " )

W(m) x H(m) x Nos.

1,65 x 1.8 x 2

1.65 x 1.8 x 2

L.65x1.5x2
].65 x 1.5 x 2

1.65x1,4x2
1.5 x 1.1 x I
1,2 x 1.1 x I
1.5 x 1.1 x I
1.2 x 1.15 x 1

1,2 x 1.1- x 1

nischa,rge
( m3/sec )

o )n

5 .70

4.55

3 ,62

L.34

o.704

r.69
1.5r-

o.44

Remarks

I{/Drop

l{/.Urop

-t2-



v) Drops

The fotloving ilrops are proviiled at the places vhere required
from the hydraulic and economical vievpoints. Such drop is
equipped vith stop log to maintain the vater level of MIC as

required.

Iable 2.6 Design I'eature of Drops

Name He ight
(m)

1.40

I .40

0.70

0 .70

1.06

r.70
L.75

1.40

o .55

I .40

1.00

1.10

I .10

1.10

1.15

1.15

r.l-0
I .40

r.40
t.40
1.10

1. r0

1,10

1.10

1.10

1. 10

Rema,rksLocation

No. I
No. 2

No. 3

No. 4

No. 5

No. 6

No. 7

No, 8

No. 9

No. IO
No. 1I
No. A-1

No. A-2

No. A-l
No, A-4

No. A-5

No. A-6

No. B-1

No. B-2

No, B-3

No. B-4

No. B-5

No, 8-6

No. B-7

No, B-8

No. B-9

84+00

89+00

92+00

99+00

104+00

107+8 i
115+03

115+50

I21+51 . E

126+I)

I l1+0l
o+il
7+O3

9+00

t4+l) .4
2t+o)

27+77.4

4+9)

8+5 o

t2+5)

t 8+03

25+37

40+08

41+00

48+53

5l+00

(R-r )

(")
(,')
(')
(')
( ,' 

)

(',)
(R-rr )

(" )

(,')
( ,, )

(R-rrr )

(")
(" )

(")
(" )

( ,' )

(R-rv)
(")
(")
(")
(")
("
("
("
("

)

)

)

)

10.0

10,0

10. 0

5.r
5.1

4.55

4.55

4.43

4.29

4 ,29

L .67

| .67

t.67
L)4
o .94

o.704

1.88

1,88

1.80

1,.80

t .69

0.585

0.585

0.585

0.58,
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Yi ) Spi 11!ra).s

Three (3) sicle spillvays vith outlet structure rere designed to
be constructe<I at the crossing points vith BaLda river, Jhllijhili
river and Baniyani river and tvo (Z) overflov type side spillvay
vithout outlet structure are provid-ed one at the crosslng natura,l

drains anrl the other a-t No, 2 bifurcation structure, Design

feature of the spillways are sbor,r in the following Table 2.7,

Table 2.7 Design Feature of Side Spillvay

No. 1 spillva.y 70+18.75 (R-r) z.s(to.t>\/! l.S o.lr sate

No. 1 bifurcation 97+22 (R-I) 3.5( 5.4) L A., 0,36 With gate
s pi l lva.y

Overflov spiLh'ay 140+60 (R-II) 3.2 8.0 O,l8 Overflor* outlet
No. 2

No. 2 spillva y z7+2o (R-Iv) 1.6( 2.5) L o.o o.)5 l{irh gate \,

Remarks: I Discharge from outlet structure vith gate

vii) Bridges

Those pla.ces vhere Iined. MIC (Reach I) crosses the seconclary roacls

vere designed to be provideil vith a preca.sted concrete bridge, The

location and d.imension are shovn in the foltoving Tabte 2.8.

Table 2,8 Design Feature of Bridges

Name Location TYP" Lensth (n)

1 St. 9+33 Precast 0.3 x 0.1 x 9 Nos. 7,45

5.50 0.40 Overflow inl et
and outlet vith

7.45

7.20

7 ,20

6 .456 ,, 98+91

7 rr II5+00 " 0.1 x 0,1 x 8 Nos. 6,20

Location Discharce Width Overflov Rema.rks
\rrll,".CJ \r (r

overflov spillvay 52+)9.8 (R-I) 2.5
No. I
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vi ii ) Bifurcation Structures

Tvo bifurcation structures vere designed to be constructed, one

for drvert,ing water to the extension project area and the other

for diverting the irrigation vater to Reach II and Reach IY.

The design features are shovn in the following Table 2.9.

Tab1e 2.9 Design Feature of Bifurcation

Name Loc a,t i on

St. 98+2.2

" 140+8 3

10,0 1.65 x L8 x 2

1.028x1.15x2

Na,me

s-t

s-4

s-6

s-8

s-9

S-IO

s-11

s- 12

5 ,800

3,900

3 ,4OO

4,650

6, 600

2 rLro
8 ,700
1, 200

) r2)O

3,2OO

r1,100

Area (net )
(t"1

746.1

226 .6

)72.O

4t7 .5

798.0

r36.1

676.t
t26.5

259 .3

L44 .4

385 .0

D j-s charge
(ml/sec )

0.85r
0 .259

o.425

o.477

0. 910

o.r54
o.704

o.r44
0 .295

0, 16'

o.44t

Slope

l : I310

l: l180

1:1180

1:1200

1: I250

1:1160

1 : 1100

l: I065

1:1180

1: I120

Discha,rge Length Barrel
(.]/sec) (.) I{(m) x H(n) x Nos.

1(..0

) .62

2.5 Secondary Irrigal,ion CanaIs (SfC)

2.5 ,l Unl inecl Canals

twetve (12) seconda.rv carals branch off from the M1C anil were designed

to be of trapezoidal unlined type. Slope of the canals vere designed. to

range from 0.00095 to 0.00075. The cross section is 1:1.5 as sholrn in
DRI{ No. 5. Design f ea.tures of SIC a.re sho tn'n in the f olloving Ta.bJ-e 2,IO.

Table 2.10 Design Feat,ure of SIC
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2.5.2 Related Structure s

The follolring structures related. to SIC vere designed to be construci,ed.

Table 2.II Related Structures to SIC

Name DPCKTO

s-2

s-4

s-6
s-7

s-8

s-9

S-IO

s-11

s-12

T o ta.l

t-0

15

IO

5

10

2

5

3

2

1

I
3

67

I2
1l
13

t1
13

3

5

LJ

4

9

,
rl

),12

5

x

x

2

)
I
t
6

t
4

)

)

29

PC

9

6

T

6

8

2

2

8

2

4

4

7

65

CD

I
1

x

2

2

I
I
)
x

1

2

I

15

BD

I
x

x

x

x

x

x

x

x

x

x

x

1

TS

t
I
1

I
2

I
1

I
I
1

1

t

73

Note: T0 - Turnout
DP - Drop
CD - Cross Drain
TS - Terminal Structure

CK - Che ck
PC - Pipe Culvert
BD - Br iilge

2.6 Tertiary Irrigation CanaIs (TIC)

TIC vere basically designed to bra.nch off from SIC at approximately

600 m interrral. Along the MIC 30 TIC branch off ilirectly from MIC from

the topographic rea,sons. Irom TIC several supply ditches commanaling about

10 ha. each branch off through division box to be provided at approximately

100 m intervals. The schema,tic layout of irrigation system is shorm in
Fig. 2.I. The division box vas designed to be insta,lled by a. precasted

concrete. Three types of canal section vith 1:I.5 of cross section are

applied for the supply ditches a.ccording to the design discharge, namely,

Type A vith range of discha.rge fron 216 1/sec ancl Type C with 124 lfsec
or less as shovn in DRr,{ No. 6. Slope of TIC vas ilesigned to be of approxi-
mately 1to 1,000 numbers of TIC and those division box provided and total
Iength are shovn i.n the folloving tab1e.
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Fig 2-l SCHEMATIC LAYOUT OF TIC
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Table 2.12 Numbers of TIC a.nd DiYision Box and_!3lg!!

Number of TIC Division Box
TYPe A

s-l 8

s-2 ).3

s-l t3

s-4 ),)

s_5 10

S-5A 7

s-6 5

s-7 6

s-8 ).4

s-9 6

s-10 11

S-I1 7

s-12 15

MIC R-I 7

}IIC R-II 5

MIC R-III 6

MIC R-IV 12

Total 158

Type B Type C

I]

TotaI

) t6i

8,8io.o
4,525 .O

7,6oo.o

),775.a
4, 100. 0

2,7OO .O

1,868.0

I,068.5
8,798.0

1,766.O

3,)27 .O

t,546.0
6,798.2

1,000.0
2,9OA.O

t,875.0
2 ,657 .5

7t,)53.5
say 71, 500. OO

(Nos.)

81

4t
62

,2
55

36

20

37

I13

57

32

89

)5

T4

I9
64

83r

\2
r)
t4
r3

10

7

5

6

15

6

II
7

I5

7

)
6

L3

2

2,7 Road Svstem

2.7 .L Roads

The road system vas ilesignetl to be provided vith three classes of

road, namely, trunk road (TR), main road-s (MR) and secondary roads (SR),

TR is 20 cm gravel-metaled vith 3.5 n of vidth and of 6.5 m in total vidth,
MR and SR are non-metaled., Total vidth of MR a.Iong MIC and S-8 and S-12

of SIC is 5 m and that of the rema.ining SIC is 4 m respecti,vely. Total

victth of SR is of 3.5 m. The typical section of road-s are shom in DRW

No. 6.

TR starts from the East-Irrest Eighr./ay a.t Dudhe and runs almost south

vard along the existing village road betveen Dudhe and Shivganj, Then,

to -



TR turns to west d.irection tovard the MIC and is to be constructed along
MIC and SIC, S-12 up to No. L culvert on S-12. Tota.I length of TR is
20.4 km 1ong.

MR vere designed. to be provideil along the remaining MIC a.nd SIC and

SR a.long the TIC respectively total tength of MR a,nd. SR e.re 71 km and 72 km

respectively.

2.7,2 Road Structure s

ttrree (l) concrete bridges vere designed to be constructed. at the
places across the three rivers, Batva, Jhilijhili and Banryani riyers, At
the places crossing the small river and d-epression, causer.s,y or cross drain
are provid,eil. The folloving TabIe 2.11 shows number of structures rela,ted
to the road system. (typi""f ilraving of bridges is shovn in DRW No. 7

attached. )
Table 2. 13 Roa.d Structures

Unit: Nos.

Trunk Ro ad.

Main Roa.d

Secondary Roail

BridAe

3

7

1

CW

L

t2

CD-

CD CC

73
1-
I-

Cross drainNote: CI+I - Causea,a,y
CC - Cross culvert

2.8 Drainage Canal s

ColIector drains along TIC are planned to be constructed. It vas
jutlged a,fter the detailed fietd investigations that the most of natural
drains are capable of coping vith draining the flood within the drainage
basin, because MIC to be constructed reduces the flood from the upstream
of those dra,ins by means of cutting. In this connection, the dra,inage
dltches with some structures vere designed to be constructed. atong the
right side of MIC. Accordingly, collector drains insid-e the project area
designed originally vere d.eIeted. Tota.l length of d.rainage ditches are
a,bout 30,000 m and those rela,ted structures a.re tabula.ted in the folloving
Table 2.14.
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Table 2.14

Loca,tion Remarks

No, 5 s iphon

l l iving ro om

Retate<I Structure to Drainage System

Drops 27+47 (R-Iv)

Drops 27+71 (" )
(T e rm, Stru. )

BC nee,r No. 12 culvert
TS No. 3 s iphon

TS No. 4 s iphon

TS SIC, S-11

Note: BC - Box culvert

1

1

2

I
)
4

t
I
1

1

I
1

2

TS - Terminal struc ture

He ieht
(m)

)n
,n

1{idth
(m)

0.50

0.50

2.O0

2.OO

0.50

2.50

Length
(.n)

7 .O

7,o

0.o5

0.05

L.3

2.O

2.O

,.6
rl,o
8.0

7 .O

2.9 Engineer's Of.f ice and Ouarters (EOQ)

E00 during the construction period of the project a.s ve1l as the

operation and maintenance period of the project vere designed to be con-

structed at the corner of Ea,st-l{est Highva.y and MIC. The folloving Table

2.15 shovs number of build.ings required. a.nd area in each kinil of building.

TabIe 2,15 Engineering 0ffice anil Ouarters
Numb er Unit Area Total Area.-l;zl- ---l;21- Remarks

0ffice
FEBQ

FEI'O

P00

HMG FQ-A

HMG I'Q-B

HMG BQ

Guest House

S t o ra.ge

Generator House

Pump Hous e

Guard lIous e

Garage

)o) qn

278.OO

98.45

r41 ,90

112.00

86.00

405 ,60

245.OO

100. 00

50, 00

25,00

7 .50

90. 00

)q ) 5n

278. 00

196.90

8 ro oms

6 bedrooms &

141.90 PMQ

136.00

344 .OO

405 . 60

245.OO

300,00

50. o0

25 .OO

7 .50

180. 00

Note: trEBQ - Foreign engineerrs bachelor quarter
FEI'Q - Foreign engineerrs fa.mily qua.rter

POQ - Project officer's quarter
HMG F0 - 1IMG family qua,rter
I{MG BQ - HMG bachelor quarter

PMQ - Project manager's quarter

Dischar
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2.1O Agricultural Sub-St&tion (ASS )

ASS is established at a.bout 7 km south from Dudhe alorg the trunk
roacl proposed. The vorks incluclecl for the construction of ASS are:

i) irrigation and clra-inage facilities for the experimental and

d.emonstration farm of 40 ha,i

ii) farm road.s of about I km and fa,rm land preparation of about

18 ha; a.nd

iii) buildings such as an office, vork shop, storage, residence

and tenement houses, etc,, wrth necessarv electrification,
va,ter supply and sewerage fa,cilities.

Immediately after the Contract for construction of ASS vas signed.

betveen KDB anil the Contractor, the plan of irrigation vater suppl-y from

the Ballra river including to storage ponds and a purnping system vhich wa,s

originally contempla.ted vas substa.ntially revised from the folloving rea.sons

and circumstances.

r) The Balva r:iver is not perennial and the seiliment loads from the

upstream is considerably large amount, vhich woulcl result in
s a,nd. deposition of ponds designed to be constructed- originally
vithin few years.

ii) It vas found out that the permeability in the subsurface of the

earth dam sites is rather high vhich vould bring about certain
additional costs for its trea.tment.

iii) After implementation of the upper portion of irrigation system

of the Main Civil ltrorks, the irriga.tion water will be ma<Ie

available from the Kankai river vithin a yea.r after the imple-
mentation of ASS. Consequently, a tempora,ry pond is plannetl to
be constructed for the first clry season farning in ASS.

For the a,bove rea,sons, the plan of construction of tvo ilams and one

pump station vas deleted, but the irrigation canal for ASS rrras designed

so a,s to be connected with S-l secondary canal in MC1{. Irrigation netvork
in ASS vas so planned to ena.ble the each pl-ot to supply vater one by one,
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Type of canals is trapezoidal unlinecl vith 1:1.5 cross section. The

length of irrigation and draina,ge canals totals about J hm and I km

respectiwely. The related structures to irrigation and drainage systems

are a,s f o 11or.rs :

Table 2,I6 Structures for Irrigation and
Drainage Sr stem for ASS

Siphon Drainage Culvert Road Culwert Brick Sewer

19 Nos,

The farm roads

1.5 m vidth. Total
paved by gravel. 40

to have a plot vil,h
shovs the number of

1O Nos, z l\os. I ,876 m

vithin ASS vere designed to be gravel metaled vith
length of roa.ils is about 10 km of vhich 5 km is to be

ha of the existing padd.y land are to be rea-djusted

rectangular shape of 100m x lOm. The foltowing tabte
house and area required for ASS.

Table 2,17 Buildings for ASS

Nunber Unit Area Total Area, Rema,rks

0ffice
HIG Manager Re s idenc e

Hl4G lamiIy Re sidenc e

HIG Staff Te nement s

Trainee EosteI

Mess & Meeting House

I'ore ign Engineer's Residence

KPO l{ork Shop

ASS f,iork Shop

ASS Storage

C0-0P.0ffice
C0-0P. lfa.rehous e

TocI Shed

Seed Sto re

Genera,tor House

Pump Hous e

Cattle Shed

Total

1

1

5

2

1

I
1

I
I
I
1

I
1

1

I
I
I

(rn2)

260

65

44

148

t67

150

268

r00

150

50

497

5 00

100

150

50

25

80

(12)

260

65

224

296

t67

150

268

r00

150

5a

497

500

100

150

50

25

80

),128
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III. CONSTRUCTION TI}IE SCHEDTiI-E -\ND PROGRESS

l.t Main Civrl 1{orks

3.1.1 Gene ral

The project vas originally scheduletl to be completeil vrthin 12 months

after signing of the contract betveen HIIG and the Contractor, vhich j.nclude

the mobitizatron of the Contractor as ve11 as the.procurement of construc-

tion materials and equipment to be made by the Contractor. The Contractor

commenced the vorks in the middle of September 1973. Hovever, the Con-

tractor had encountered rrith a difficulty on procureme[t of the construction

equipments and, materials since the beginning nainly d.ue to the vorld.vide

oil crisis occurred ln the late 1973 and the port congestion at Culcutta.

The constructior vorks vere often interrupteil due to the shortage of mainly

cement, steel sheet piles' fuel, etc. Then, the Contractor claimed the

Engineer to extend the time of completion of the vorks for J7 months in

total in three times. The Engineers fina11y granted the extension until

May 31 , 1979 after the careful investigations. The details are shovn in

Fig. 3.1 .

In the first i,vo dry seasonsr the progress of the vorks I'as very

little, only about b'rt of the total vorks, vhich vas about one fourth of

the original schedule. The construction I'orks vere rather progressed in

the thlrit and fourth clry seasons and about 6A % of the vorks had. been

finished by the end of June 1977. Namely, all the facilities from the

diversion t^.eir through S-1 secondary irrigation ca,nal vere successfully

implemented so that the irrigation r^'ater had been iliverted to about 700

ha of paddy land commanded by the said secondary canal . The works in the

last tvo dry seasons, lg77/78 ald' 78/79, were smoothly progressed and all

the construction vorks have been completed by the en<l of }la.y 1979r notvith-

standing the supply of construction ma.terials interrupted the vorks

considera,bly.

3.1.2 Heaclvorks

the diversion rreir including scouring sluice, and

scheduleil to be carried out in tvo ilry seasons,

Construction of

inta,ke structure vas



L974/75 a]:ld- 75f76, but extend.ed to another one dry season, 1976/77, d:t.e

to delay of delirrery of steel sheet piles to be <lriven under the weir
body,

It vas planned to construct the head reach of about 1.4 km long anil

a settling basln in the dry season of 1974,75. Beca,use of revisions of
ca,nal alignment and design d.ischarge from the original, earth excavation
of the cana,l as well as rtrs qua,ntities of rela,ted structures increased
substantially, which resulteil in the need of three dry sea,sons construct,ion.
Gates for scouring sluice, inta,ke and settling basin vere installed in 1978.

3.L3 Main a.nd Secondary Irrigation Cana.ls

Earthvorks for the ya-in Irrigation Canal vas scheduleil to be commenceil

wlthin the first dry season a,s soon a,s the construction equipment have been

delivered, and by the end of April 1976 alt the main and secondary systems

vere planned 'bo be completed. Hovever, the constructron works vere extended

to the end of llay 1979 mainly due to the follor^'i.ng reasons and circumstances.

i) Ca.nal a.lignment ha.ve been changed substa.ntiallv accoriling to the
actual topography of the pro;ect area.

ii) Cana,t design capacity and slope of the upper main canal rsere

revised from the orrginal one resulting in certain modificatlons
of the ca,na,I structure destgn,

iii) Delivery of the ea.rth moving equipment a.t the site vere dela.yed

due to the port congestion.

i], ) Cement for concrete lining of the upper reach of main canal

were crucially short throughout the construction period.

After the delivery of the construction materia,ls the Contractor
carried out the vorks adopting the 2 shift system to expedite the construc-
tion vork. Notvithstanding the ea.rthworks increasecl in quantity at about

l7O /, ot the original , the construction rrork has been successfully com-

pleted bv the end of April 1979.
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1.1,4 Roads

The construction of farm roatls vas scheduled to be carrieil out in tvo

dry seasons of L974/7i and,75/76 concurrentl]r vLth the canal earthlrorks.

As the construction of canal earthvorks lras extencled to AprrI 1979 beca,use

of the reasons described in the proceding sectlon, the road earthworks

vere a.ccordingly extenaled to }lay 1979. Construction of the trunk road

was suspencled in one dry season of 1976/77 mainly d.ue to the concentration

of healXr equipments into the headwork construction.

1.1.5 Engineer's Office and Quarters

Since the beginning the Engineer had request,ed strongly the Contractor

to expedite the completron of Engineer's Office and Quarters. Because of

short coming of cement and asbestos sheet as ve11 as hardva,re vhich are

mostly 1ocaIly availa,bIe, the construction vork vere largely delayed.

Though an office and some quarters has been taken over by the project by

May 1975, it has taken for 26 months for the completion as compared vith
the original schedule of 7 months.

1,2 Asricultural Sub-Station (ASS )

).2.1 General

The time required for the construction nork of the ASS was estimated

to be 6 nonths from October 1973 through llarch 1974 in the contract.
Hovever, the works vere severely affected by the crucial shortage of

construction materials, particularly, cement and asbestos sheets and

delay of delivery of construction equipment at the site. Then the Con-

tractor c1a-imed, to extend the time of completion in three times a,ccompanieil

vith the deta,iled particulars. After careful examination of above particulars
the Engineer granted aboul, 22 months of extension of completron time to the

Contractor,

Meanwhile, the Engineer ileletetl the construction of tvo irrigation
storage poncls e,nd a irrigation pump station on the Ba,lva river after
careful studies marle in viev of availability of irrigation water in the

said river. The contra,ct amount of the saicl vorks corresponded to about

15 % of the total a.mount, Except for installation of overhead ta.nk for
rar. vater supply system the construction of both civil r^.ork and building
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vorks have been completed in the beginning of February 1976. The details
are shovn in lig. 3.2.

1.2.2 Civil l{orks

Due to delay of delivery of construction equipment at the site, the
civil works for construction of irrigation and draina,ge system as wel-l as

I a,nd readjustment of 40 ha of d.emonstration farm vere suspended in the
dry sea.son ot 1973/74.

Ea,rthvorks for irriga,tion a-nil drainage canals and roads a,s a'e11 a,s

land readjustment have been completed- by the end of ilry sea.son of t974i7j,
but those structural vorks were suspended to the dry season of 1975/76

due to shortage of cement, A11 the civil vorks have been cornpleted by

the beginning of February 1976.

3.2.3 Buil<Iing 1{orks

The construction of office and qua,rters vas taken for 24 months except
for installation of overhead tank for raw water supply system, comparing

vith the original schedule of 6 months. The Contractor vas compelled to
be int,errupted often due to shortages of cement, a,sbestos sheet an<I hard-
vare, transportation difficulty of the materials from the East-Irrest Highway

to the site, etc. Frorn the middle of September 1975 through the end of
November 1975 all the buildings vere completed. a.nd ha.nd.eil over to the
EmpIoyor.

).) Minor Vorks

They are desirable to carry out the construction of the minor vorks
ln parallel r'ith the major vorks and to complete it at the same time vhen

the major vorks raiilt be completed. Hovever, the construction of the minor
vorlls is not practical unless the construction of Diversion Weir and Main

and Secondary Ca,nals is to be completed because the traditionat irrigation
system is to be blocked due to the construction of the minor vorks and no

irriga,tion may be avaifable for a fev yea,rs. Accordingly, the construction
of the minor lrorks und.er force a,ccount ba,sis rras originally scheduled to
be completed within three dry seasons, 1974/7r, T5/76 and. T6/77 \.rhich is
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Fis32 CONSTRUCTION TIME SCHEDULE AND PROGRESS
AGRICULTURAL SUB- STAION
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Fig.3.3 CONSTRUCTION TIME SCHEDULE AND PROGRESS
MINOR WORKS

ITEM OF WORKS tjn t o't y
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one year delay a'ith the construction schedule of the ma,jor vorks. On the

other hand, because of the delay ln delivery of construction equipment at
the site vhich were deliwered during a period from November 1975 to July
1976, l.he commencement of the vorks vas cons]alerably ilelayed, Pa,rticularly,
<lue to <ielay in ilelrvery of bulldozers arrirred- ln JuIy I976, the actual
construction vork vas started from January 1977 after harvesting of paddv

crop at the site. The progress of the vorks vas also severely affected by

the shortage of cement rn L977. Only fev divrsion boxes for TIC vere

installed by the end of dry season in 1977.

The progress of earthvorks in the first year of 1977 vas very slov
partly because hear,ry equipment operators vere not so shilled and partly
because of shortage of fue1. It vas only I0 f of progress in 1977 and

about 20 rt in J978 respectively, but repaidly progressed in 1979 and

completed by the end of )lay 1979. Out of total quantlty of' earthfilling,
a,bout one third vas carrled out by the Contractor of MC\{, Excavation of
TIC vas carried out mainly by the local contractor.

Precast concrete cutoff valls vere produced at ASS from July 1977 and

the instaflation of division boxes vas resumecl from December I977. Because

of delay in d.elrvery of precast concrel,e pipes, the progress of structure
lrorks in the minor vorks vere considerablJ slow, up to date only about

)O rt of progress. Unless particular emphasis is placed upon expediting
prefabrication of concrete cutoff va11s, it vill ta,ke approximately further
tvo years for the completion of the llinor 'l{orks. Fig. 3.3 shor,rs the details
of construction time schedule and progress.

),4 Protection Vorks

As the rlver of the project area are not trained, some of the project
facillties are to be endangered due to the river ba,nk erosron. Therefore,
the river bank protections by the gablons vere ordered to the loca1

contractors as vell as the Contractor of MCl{ from 1975 lo 1979,



IV. CONSTRUCTION

4 .L Main C lvi I Works (MCW )

4.L.L General

MCW includ.e the following worksi

i) Head-works including head, reach and- settring basin,

ii) Main irrigation canals (UfC), about 22.4 km,

i ii ) Second-ary irrigation canal (Sf C ) , about 53 .9 kr,

iv ) Read. system, 140 . O km ,

-r) Drainage canals, 30.0 km,

vi ) Engineerrs office and quarters (pOQ ) .

MCW were carried. out by the contract basis. The earthworks and

concrete works except for these of EOQ were mainly carried. out by heavy

equipment, supplied. by the Contractor themselves. For procurement of
the construction equipments and. materials, the Contractor had received.

as ad.vance payment of about US$O.9 mi-I1ion and. about 0.3 million equivalent,
respectively, which correspond. to about 26 % of the contract amount. Due

to unforseen oiI crisis occurred. in the late L973, the Contractor had

encountered- with crucial alifficulty on the procurement of imported. equip-
ments and. materials on time from the beginning of the construction works.

The first d.elivery of major equipment imported. at the site was mad.e in
April L974 resulted almost in a loss of one d"y season for the works.

The procurement of cement was very crucial. By the end. of March L974,

six (6) months after the commencement of the works, by the Contractor
total cement d.elivered. at the site was about I50 t which was negligibte
small amount of quantity to the works to be d.one d.uring the said. period..

Consequently the Contractor had. been compelled. to often interrupt the

works. The shortage of cement had. Iargely affected. the progress of the
works throughout the construction period..

Concrete aggregates were obtained. from the Kankai river at around.

I km d.ownstream from the d.iversion weir site where a screen plant was

installed.. The Contractor provid.ed. two unit of concrete batcher plant,
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one installed. al the weir site and. the other at the Balwa river sid.e near

ASS. The former plant was operated- d.uring a period- f rom March 1975 to
JuIy l9T8 for the concrete works of the head-works and. the upper reach

of MIC and. then removed to the Baniyani river sid.e near the No. 5 siphon

site of MIC and. operated d.uring the L7TS/79 dry season. The latter was

operated- d.uring a period. from December L97T to Mry L979. Bould-er used

for rubble masonry as well as for broken stone for road. pavement were

mainly obtained. from three ri-vers, Ratuwa river and. Dhans river, about

20 km and. 25 km west of EOQ site respectively and Timai river approxi-
mately 30 km east of E00. Two stock piles of crushed. stones for road.

pavement were established., one at Dud.he along the trunk road. and. the

other at the vicinity of ASS, where the materi-als were crushed. by the

crushing plant.

The earthworks were mainly carried. out d.uring the d"y season from

November to May i-n which earth embankment for both canals and. road.s were

mad-e from the late December taking the soil moisture contents into account.

The embankment materials were placed. in layers not exceed.ing 20 cm compacted-

thickness and- the compactj-on was carried. out by mainly pneumatic tire roller
at an optimum nroisture content. The compaction test was mad-e in every 2OO m

interval of embankment for canals and. road.s. The following Table 4.L shows

a part of the compaction test results.

TabIe 4.L Compaction Test Results of Embankment

Canal '-oad.

Main Boad (n-f )

Road

MR (R-r )

Trunk road.

Trunk road.

MIC R-I

MIC R-I

Backfilling

Proctor Relative
Value YalueDate

Jan. 9 ,

Jan. L2,

Feb. 11,

Feb. L4,

Feb. 22,

Feb. 24,

Mty 11,

,76

,76

,76

,76

,76

,76

,76

Location

t4+00

E09

19+10

39+00

28+OO

10+59

(er / cn3)

1.87

I .97

r .87

L .69

r.69
r .97

1 .87

(%)

98. 5

99 .4

I00.6

96.0

99.O

98. I
98.8No. I Sipfror4

Remarks z fi
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Date

May L6, 'T6
Nov. 26, '76
Dec. 1, 'T6
Dec. 3, '76
Dec. )L, '76
Mar. 11, '77
Ap". 20 , '77
Jan. 24, '78
Feb. 2, '78
Mar. 5 , t78

Mar. 8, '78
Feb . L6, '79
Mar. 7 , '79
Mar . L2, '79
Mar. L6, '79
Mar. 3, t79

CanaI ,rad.

MIC R-I
Head-wo rk
Head.reach

Head.works

Head-reach

MIC R-I (Roacl)

SIC S-1

MIC R-I

MIC R-I

MIC R-I

SIC S-2

SIC S-8

SIC S-I2
SIC S-1I

SIC S-IO

Trunk road.

Location

No. 7 Box Culvert
Rive r bank

4+L5

River bank

Outlet channel

27 +83

2L+45

95+60

87+50

109+5 0

T+JO

5 I+80

7 3+L5

8+40

I5+50

1I+5 0

Proctor Relative
Value Value

(er / cfi) (%)

I .87

L .95

L .94

L.g5

l.g3
1.93

L .92

L.T2

1.72

I .68

L .66

1.66

L .62

L .62

L.)7
r .70

99 .2

98.4

98. 5

96.5

97 .O

97 .9

96.4

99 .4

L06.4

95.0

r03 .0

97 .O

103.0

98.0

95 .4

96.8

v

v

Sod. facing were performed. on the slope of embankment or excavation

for the canals and. road.s construction. It is worthly of special mention

that the sod. facing for the slope protection was quite effective against
such non-cohesive soils und.er the intensive rainfall in the project area.

The sieve analysis test carried. out on gravel and. sand. showed- that
the both were so well grailed. as to satisfy the requirements in the

specifications. Fig. 4.L shows the typical results of sieve analysis
test carried- out by the Contractor and the Project.

The concrete test was also carried. out to d.etermine the most proper

concrete mixing proportions for various typ" of concrete. The follor+ing
Table 4.2 shows the specj-fied. mix proportions recommend.ed to the Contractor.
It was controlled. and. checked- by the Engineer from time to time in ord.er

to produce high quality of concrete, but such proportions particularly
water cement ratio was varied- to some extent d.ue to the water content

of the aggregates used.. The slump test was cond.ucted- for approximately

-40
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every I00 m3 of concrete casted.. Concrete

tests were sampled. and. tested. for every 2OO

Table 4.) shows the results of compression

test pieces for compression

m3 of concrete prod.uced-.

test of four types of concrete.

262,7

2J5 .6

259.O

262 .6

270.0

272.L

294 .7

272.8

205.7

\/

Table 4.2 Mix Proportion of Concrete

Type of Concrete
Uni t AA AI A2 BB

Cement

I{ater
Sand.

Gravel 5-2O mm

Grave I 2O4O mm

Gravel 40-80 mm

W /C ratio
G/S

Note: M
AI
A2

B
BB

C

kg

l(

kg

kg

kg

kg

/,

Table 4.3

Canal'Road.

MIC R-I
Head. reach

Head-works

MIC R-I
Head.works

MIC R-I

Head. reach
ll

Head.works

)50 300 300

L82 150 Lr4

816 695 946

994 646 1, rlo
646

52 50 3;
L .22 r .86 L.L7

250 180

140 L44

62L 627

4L4 585

4L4 877

62L

56 80

2.)3 2.)3

).o
4.5

5.5

3.5

6.0

3.0

5.5

5.5

5.5

2JO

L4J

634

695

7L5

,8
)))

- Reinforced. concrete for piles, brid.ge beam, etc.
- Reinforced. concrete for structures

Unreinforced. concrete for canal block lining
- Unreinforced. concrete for canal lining, flooring, etc
- Unreinforced. concrete for wei-r bod.y, apron, etc.
- Found.ation concrete

Results of Concrete Test

Date

Nov. L9 rt75
Nov. 2Lrt75

Dec. 6r'75
Dec. 9 r'75
Dec . L8 ,'75
Dec. 24r'75

Dec.24rt75
Jan. 29rt76
Jan. 22rt76

Structure

Lining
No. 2 box culvert
Intake culvert
L i ning

Scouring sluice
L ining
No. 3 box culvert
Settling basin

Apron

Strength
S1ump kg' m2

Typ" of
Concrete

B

A

A

B

A

B

A

A

BB
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Date

Jan. L6 ,'T 6

Feb. L6rtT6

Feb. LT ,'7 6

Mar. 23 ,'7 6

Mar. 25 rtT6
Apr. 8 r'7 6

May 4r'76
May 4 r'76
Apr. 25 r176

Nov. L2 ,'7 6

Dec . 29 ,'7 6

Dec. 5,'76
Dec. 6r'76
Dec. 2r176

Dec. 4rt76
Jan. 29 ,'77
Jan. )L r'77
Feb. 5 r'77
Apr. 9 ,'TT
Apr. L2 r'77
Apr. L6 r'TT
Ap". 14 ,'77
JuI. 4rtTT

Dec. 20r'77
Dec. 22rtT7

Jan. 2Lrt78

Jan. 26 ,'7 8

Dec. L4r'78
Dec. )Lr'78
Feb. 7 r'79

CarraL/Hoad,

MIC

Head.works

il

MIC R-I

MIC R-I

MIC R-I
Head-works

MIC R-I

Head. reach
il

MIC R-I

Head.works

ll

Head. reach

MIC R-I

MIC R-I

MIC R-I
Head.works

MIC R-I
MIC R-I
Head.worhs

Head.works

MIC R.I
MIC R-I

MIC R-I
MIC R-I
MIC R-I

Trunk road-

il

Head-works

Structure

Lining
Apron

Art. concrete block
Lining
No. 2 siphon

No. 7 culvert
Apron

No. 8 culvert
Lining
Settling basin

Lining blocks

PiIe
Apron

Lining
Intalr.e

Lining
No. 9 box culvert
I{e ir body

No. 11 box culvert
No. 3 siphon

Apron

Art. conc. blocks

Lining
No. L2 box culvert
L ining
S-2 check

Lining
No. 2 brid.ge

No. ) brid.ge

Lar:aching apron

Strength
S1ump kgf cm2

Type of
Conc rete

B

BB

B

B

A

A

BB

A

B

B

A

AA

BB

B

A

B

A

BB

A

A

BB

B

B

A

B

A

B

A

AA

B

3.0

5.0

2.5

4.0

5.0

5.0

4.'
4.0
4.0

).5
0

3.0

3.5

3.0

4.O

3.0

3.5

4.0

4.5

5.0

5.0

4.O

3.0

3.0

4.O

4.O

4.0

L
8.0

L

230 .8

242.7

273.2

246 .4

24L ,2

243 .6

2L4 .)
234.5

199 .8

24L.L

228.4

260 .6

202.8

200 .5

24L .2

20) .6

258.9

zLg .7

268.0

))) 5

2L9 .T

2L8 .3

2)O.8

224.8

206.5

243 .3

240 .5

181 .4

234.0

L87 .T

Remarksz f Not checked.
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The construction works were carried- out from the upper reach of the

works in view of the stage wise irrigation water supply to the proj ect
area. Then, about 75O ha of pad.d.y land., L5 % of the project area has

been irrigated since July L977 and. about 2,000 ha, 40 %, from JuIy 1978.

The major works d-one by the Contractor summarized. in Table 4.4. The

number of workers employed. by the Contractor is listed. in the Table 4.5,

Table 4.4 Inlaior Works Done for I'ICW

Earthwo rks C onc re te MetaI
Irork rtem Tfrrh ti## Effi Tftb rH# (ron)

Diversion If eir 24.5 2) .5 L2.68 L95 .45

Ifi & SB gg .g L2.2 2 .Lg L.7L g .92

Mrc 265.3 74.8 9.56 L9.73 4.96 64.L8

src )o.5 208.3 0. 17 L.62 50 .35

Collector Drain L2.6 0.04

Road. 7 .8 )82.L 2.OO L .25

T otal 440.4 TOO.g rr . gr L9 .73 22.91 320.O5

Note: IIR & SB - Head reach and settling basin
PCL - Plain concrete lining
BL Block lining

.v

Table 4.5 Number of Contractorrs e*pfo.v"" to" tttCW

Unit z trt/t{,

Engineer Technic. Common

& Officer & Operator @po, Total

Foreign Staff 581 800 1,38I

Local Personnel 394 8 r9L4 L2r398 2l ,706

Note: Above figures not includ-e the number
employed. d.uring a period. of the inj-tial
stage from October L97) to April L974
because of no data available in those
peri od. .
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4 .L .2 Head.works

i ) Diversion Weir and. Intake

The construction of d.iversion weir and intake structure were

sched.uled. to be carried. out in two dry seasons, L974/75 and.

75/76. Namely, the right half port,ion includ.ing intake struc-
ture was to be constructed. in L974/75 dry season and. the

remaining half in the L975/76 d"y season, for which multiple
stage d.iversion method. was applied. for d.iversion work. However,

three dry seasons were required to complete the head.works mainly

because of d.elay in delivery of equipment and- materials as

explained. below.

In the beginning of January L975, the coffer d.am surround.ing the

right half working area was constructed. on the Kankai river by

using mainly bulld.ozer. The coffer materials used. were mainly

of the river bed. gravel and. sand. surround.ing the d.ike. Some

fine soil materials were also u'.sed for the d.ike embankment where

need.ed..

As soon as the site w&s d.ewatered., the excavation work for intake
was carried. out. Subsequently the found.ation concrete works were

proceeded. The concrete piles for weir found.ation were precasted.

in keeping pace with installation of batching plant &s well as

construction of the river bank protection. Because of d.elay in
d.elivery of steel sheet piles which were d.elivered. at the site
in the last d-ecad.e of March L975, the driving of both steel
sheet piles and. concrete found.ation piles was mad-e in April L975

which was 3 months behind. the sched.ule. The concrete placing
for weir bod.y and apron was commenced. in April L975 which was

also ) months behind. the schedule due to d.elay in d.elivery of
the concrete truck mixers. Total quantity of concrete cast
for weir and apron by the end. of June L975 was only about 850 m)

correspond.ing to about 7 % of the total quantities of concrete for
the weir. The construction of weir and. intake were suspend.ed. nrhen

the coffer dam was evertopped and destroyed. by the flood. in the
micld le of June L975 .
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We ir Bod.y Pi I ing

Apr. '7)

Scouring Sl-uice Dec. '75

Weir Bod.y Cutoff
Mar, '76
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Diversion Weir
Scouring Sl-uice

Downstream

]vlar. 'T 6

Diversion Weir
Apron Concreting

Feb. '76

Diver s i on
Tntake

Mar. '76

Weir
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Diversion Weir
Log Protection

Jun. ' 77

\/

\/

Diversion Weir
Scouring Sluice

Gate fnstallation

Itlar. '78

Diversion Weir
Launching Apron

Feb. '79
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The concrete works for the head.works were resumed. in the begin-
ning November L975. Steel sheet piles for cutoff portion were

d.riven by cliesel pile hammer to the base rock. Though the

special care was taken to ensure that the piles are properly
interlocked. during the whole extent of d.riving, the joint was

putout at two places where hard. stone exists und.erneath.

Repiling was mad-e carefully aL above places. Dewatering by pump

for concrete placing at, d.eep outoff portion was most hard. par-
ticularly at the both front and. near cutoff walls. The headworks

construction in the second. d"y season was fairly progressed. at
about 7S % of the works by the June L976.

In June L976 the front of scouring sluice was completely clcgged

by tremend.ous d.rif t wood. and obj ectionables carried. away by the

flood. from the upstream. In ord.er to protect such clogging, the

Iog protection piers were constructed. in front of the scouring

sluice in January L977. The articulated. concrete mattress with
cross-shaped. concrete blocks were constructed. aL the site.
Except for the installation of gates and trash racks aL the

scouring sluice and. intake and. the river bank protection works,

all the headwork construction was smoothly finished. by the end.

of April L977.

ii)

Major earthworks in the head.reach were excavation which total1ed.

about I00rOOO m3. The excavation was mai-nly mad-e by means of
equipment, such as bulld.ozer and. backhoe. Since the canal base

is relatively Iow, the superpassa,ge structure was provid.ed at
the points where the canal crosses the natural d-rains.

The concrete for canal lining was placed. in alternate bays with
a slope form with 4 m long panel which was prefabricated. with
steel plate aL the site. The concrete was transported. from the

batcher plant by truck mixer and- the cast by using either
backhoe or crawler crane. The slope form was travelled. by a
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D-6 bullttozer rrith sirle boorn. The progress of concrete lining
ranged from 20 to )O panels per clay according to its site
corditions. It is worthly of special mention that the concrete

loss in lining amount e<I more or less 2a % of the quantity designetl

in case of 15 crn thickness. Under <lrain was provi<Ied for aIl
portions of the heail reach an<I settling basin. Flap valves rith
a diameter of 100 mm vere provi<Ied at an interval of 40 mm.

Veep holes with ftap valve of 50 mm tliameter were provi<Iecl at

4 m interral (one hole per panet) for both slope of the canal'

The canal earthworks were commenced- in December L974 and com-

pleted by the end- of February 1977. The concrete works started.

in March L975 and were finished- in May l97T .

4.L.3 Main Irrigation Cana1s (MIC)

i) General

The utmost essencial works of MIC are the earthworks and- canal

concrete lining. After the final alignment of MIC, auger test
pitting along the MIC route with about 2OO m intervals was

carried out so as to confirm the ground- water table as well a,s

the soil cond.itions. Based- on the above tests and- the laboratory

tests on the soil mechanics such as soil texture, d.ensity,

permeability, water content, etc., the canal typ" was classified.

into three types, unlined., plain concrete lining and. concrete

block lining. These typical sections are shown in DRW No. J.

For the purpose of construction ad.ministration, MIC was divid.ed.

into the following four reaches.

Table 4.6 General Feature of MIC

Reach

Reach I
Reach II
Reach III

Reach fV

TotaI

L ength
(r)

1r , roo

2 ,600

2,788

5 ,544

22,4)4

BP

No. 11,

No. L4L
(luo. o)

No. l4L
(No. o)

No. If5
No. L4L

No. 2T+88

Locat ion Remarks

Concrete lining
UnI ined

UnIined.

UnIined.

5I

- No . J5+44



ii) Earthworks

Subsequent to the land. clearing includ.ing the cutting d-own and

uprooting of trees, using bulld.ozers and. backhoes, excavation
works were performed.. Equipment used. for excavation are mainly
bulld.ozers, backhoes and d.ump trucks. The following table shows

summary of canal earthworks exclud-ing earthworks for the struc-
tures in each reach.

B/9

%

L96,7

L) .6

Ll-.7

8.8

2)O .8

185 .0

r25

L) ,4

5.3

2.3

).L

?4.o

31 .0

77

r1.0
))
1.8

II.8

26 .8

10. r

265 .5

.Y

\/

Table 4.7 Ouanti-ties of Earthworks in MIC

EarthfilI Earthfill
Excavation (Bxcavated.) (Borrowed.)-ITofi3f -lTor;T)- TrdI,'l-

Reach

Reach I
Reach II
Reach III
Reach IV

Total

Sod. Facins# (ror mr)

)L .6

4.4

4.5

9.2

69.7

46.0

L4g

As seen in the above table, the total quantities of excavation

was amounted. to about nL thousand. m3 whi.ch was as much as

about L25 % of the BiIl of Quantities in the Contract, par-
ticularly, those quantities in Reach I was consid.erably much

as compared. with others. In the d.eep excavation portion in
Reach I from St. No. 13 through No. 52, six (6) super passages

structures were provj-d.ed. for the natural d-rainsr r€sulting
in relatively large quantity of structural works. In about

3.3 km long between St. No. 40 and St. No. 85 the ground- water-
table were higher than the canal base d-esigned., where the sid.e

slope collaped. consid.erably, resulting in certain extent of
replacement of materials with gravels and- sand.s.

Total earthfill works amounted. about 55rOOO m3 of which about

50 % of embankment materials were borrowed. from the surround.ings

q)



MIC
General Earthworks

Dec. '76

I{IC
Excavation

Mar. '79

C onstruct i on

J3



of canals. AII the earthworks were carried. out und-er the stri-ct

control of soil moisture content, compaction of canal embankment

was carefully mad-e by using mainly tire-roIIer to obtain at Ieast

92 /" of maximum d.rY d-ensitY.

iii) Related Structures

a) Canal Lining

The concrete placi-ng was carri-ed. out as same manner as that
in the head. reach. In the lower reach of the li-ni-ng porti-on

where canal earthworks are almost balanced- between the excava-

tion and- embankment, the progress of concrete lining was as

smooth as ranging from 40 to 50 panels per dry.

About 3.3 km long in the upper reach of MIC between St. No.

40 to St. No. 85 were relatively high ground water table

where the blocl< concrete lining is introd.uced.. After d.e-

watering the site, the soils of sid.e slope were replaced-

with gravel and sand- and. then precasted. concrete blocks were

placed. by mainly man powered.. The each block was jointed

with 1:3 cement mortar. Fig. 4.2 shorrs the d.imensions of

three typical concrete blocks which were precasted- by the

concrete block machine loaned from the Employer to the

Contractor and established. at the block making yard. near

E09. The progress of block lining vas rather slow ranging

from 15 to 20 m per day for both side slope. Und.er d.rain

with 100 mnr flap valve was provid.ed for aII lined. portions

at 40 m interval and side d.rain with 50 mm weep hole with

valve was provid.ed. atr 4 m interval f or about 5 1260 m in
both d.eep excavated. and. high ground. water table portions.

Total length of the lined. canal includ.ing the related- s

structures is II.5 km. Total quantities of the major

works are listed. below.
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Fig. 4-2 TYPICAL SHAPE OF CONCRETE BLOCK

A - Type

S ECT ION A -A

SECTION B - B

B-Type ond C-Type

of A-Type Block.
0re o r ighl holf ond o lef t ho lf

PLAN
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MIC
Lining Und-erd-rain

Mar. '77

MIC
PCC, Lining

Mar. 'TT

MIC
Block Lining

Mar. 'TT
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Table 4.8 Maior Work Quantities of Concrete Lining

Work Item Uni t Ouant i t.v

8 ,64)
Lg ,7 30

2 1986

252

2 ,626
4 ,665

4 1564

L 1762

Concrete Lining
Concrete Block Lining
Grave1 Filter for Found.ation

Flap Yalve, 100 mm

FIap Valve, 50 mm

Asbestos Pipe

Replacement Soil
Steel Bar for Step

m3

m2

m3

Nos.

Nos.

m

sP

kg

During the excavation of canals in Reach II & Reach IV, it
was found. out that the d.ownstream portion of No. 2 Bifurcation
structure was mostly covered. vith very sand.y soils whj-ch might

result in sliding of the side slope when the irrigation water

was d.iverted.. Accord.ingly, about 265 m long of canal portion
curving in Reach fV was lined. with concrete. Slope of the

canal section was 1:1.5 and. the thickness w&s 7 .5 cm.

b) Siphons

Five siphon structures in MIC were constructed. aL the site
where MIC runs &cross the d.eep natural d.rains and- streams.

The construction works were encountered. with a ttifficulty in
the foundation preparation of siphon barrels where loose

mad.d.y materials were replaced. with gravel and sand- of which

the quantity totalled 460 m3. After the coffering works

were d-one, the d.ewatering rras carried. out by pumps. Con-

struction joint was provid.ed. in eyery 10 m jointed with
rubber water stop. The major work quantities of siphon

structures are shown in the following Table 4.9.
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Tab1e 4.9 Ouantities of Major Works of Siphon

Unit No. I No. 2 No. 3 No. 4 No. 5 TotaI

Y

Description

Length

Exc avati on

BackfiIl
Concrete, Typ" A

Concrete Form

Steel Bar

Water Stop

Steel Gate

Trash Racks

Replace Material
I{et Masonry

Bou1d.er Crate

;,
m3

m)

m2

t
m

kg

kg

m3

m2

m3

L79

r0, 060

8 r)2O

36L

2 rO4L

48.2

L76

3 1471

340

r57

67

36 184 85

L1460 8,400 5,21O

r, r50 7,000 4,660

101 )99 r98

608 L ,9r2 L,L44

13 JL.6 27 .6

58 L75 9r

),74)
349 584 T2
)) Lr9 46

64 91 56

L49 L82

109 59)

) r5)O 28,660

3 ,280 24 r4LO

1r0 L ,L69

728 6,4))
L4 .3 L54.7

60 560

L,756 8,970

248 r,853

65 460

87 )65

3)L

c ) spirrways

The fotlowing three d.ifferent typ"s of spillways were con-

structed. in MIC.

Gate spillway with side overflow spillway,
Both sid.e overflow spillwal', and

One-sid.e overflorr spillway.

Three gate spillways were respectively provided at, the front

of No. 3 siphon, No. 5 siphon and. aL the end- of No. 4 siphon,

which aimed. to draw off the canal water to the ad.jacent river

by the control of gates when and. as required.. One both side

spillway was mainly provid.ed. for two purposes, one is almost

to collect d.rain water from the one side and. spill out to

another, and the other in the spitl out the excess water of

canal. Two one sid.e spillways were constructed, one (n-f

side) at about I00 m downstream from the crossing point with

trunk road. and the other (No. 2 BC) at the front of No. 2

bifurcation. The former is aimed. to collect the excess drain

water into MIC and the later to spill out the excess water of

MIC to the outlet channel from No. I spillway.

i)
11,

rrr /
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MIC
No. 2 Bifurcation

Jun. '78

MIC
Turnout for

Tertiary Canal

Jun. '79

M]C
S-3 Check
Turnout

Jun. '79

&
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Table 4.10 Ouantities of Ma.ior Works of Spillwa.v

De sc ripti on

Excavation

Concrete, Typ"

Concrete, Type

Fo rm

Re-bar

Water Stop

Gate

BackfilI
Ma s onry

Replac ement

Both R-I
Unit Side Sid-e

LO2

516

40

Uni t
Nos.

m)

m3

m3

m3

m

m

m

m

m

m2

kg

kg

No. 1

)5O 2,98J 47O

22 181 80

54 26

90 92L 3)O

816 L8,756 4,)7)
83 18

1,965 594

90 612 r30

207

68

Second..
TO

No.1 No.2
BC BC No.2 TotaI

344 480 4 ,629

6 76 400

78 rr8
23O 480 2,OJ)

32O 6 ,L65 30 ,986
58 L79

983 ) ,442
85 L53 r, llo

207

68

Parshall
F l- ume Total

35

m3

m3

m3

m2

:-
kg

m)

m2

m3

V

\/

d) Turnouts

I0 turnouts for secondary canals and- 3L turnouts for tertiary
canals were respectively constructed. on MIC. AII turnouts
were equipped. with steel gate and. Parshall flume for the d.is-
tribution control of water. The following Table 4.LL shows

the quantities of major works for turnouts in MIC.

Tab1e 4.1I Ouantities of Maior Works of Turnouts

Description
Nunrber of T0

Exc avati on

Backfill
Concrete, Type A

Concrete, Typ" C

PC Pipe dloo
PC Pipe d+Oo

PC Pipe />Oo

PC Pipe lAoO

PC Pipe /t,oOO
Form for Concrete

Re -bar
SIicle Gate

IO

752

5L9

65

42

Tertiary
TO

31

743

484

L39

59

L49

43

103

66

72

43

L r49,
I ,003

307

t67

22L

4)
L4

4L

9

),194
L7 ,O)8

L7 ,7 )o

L4

4L

9

600

4,563

6,L54 
,

\iT .r

L,354 L r24O

8 1454 4 rOzL

LL ,57 6
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s-1

s-2
/t

^1D-J
/ts-4-

s-5
/ts-6-
/ts-z-
/ts-t
/Ls-rf

S-II
TB-7

TotaI

" 
) Check Structures

L2 check structures were provid.ed. in MIC in ord.er to control
the water level for distributing water to the respective

turnouts. In the most cases the check structure was con-

structed. al an immed.iately d.ownstream of the turnout and.

equipped. with stop logs and gates. Except S-4 and. TB-7

checks, each check was furnished with a slab on its top to

provide a passage to go across the canal. The quantities of

major rrorks are tabulated below.

Tab1e 4.L2 Ouantities of Maior Works of Checks

Conc.
Name A

GT-
61

73

58

44

42

26

24
..t'f
4t

L9

L2

8

)94

Conc.
C Form

GT .GZ)

5 250

6 284

5 28L

7 26L

4 3L4

4 L67

) L59

4 L64

) L4L

282
45)

Water
Re-bar Stog
T[s)- -f;f

5 ,845 ))
7 ,24L 3)

5 1836 40

4 ,t7L 26

4,772 28

2 1265 1g

2 rO75 17

L ,9O7 18

Lr724 18

736 8

469 9

Gates &
Sc re en

(xg )

2 r8O2

2 r8O2

) 1252

2 ,5Ll
),oT3
L rLr6

908

1, 118

892

889

r50

Stop
Log
(^)

1.0

1.0

o.T

o.T

0.7

0.2

o.2

o.2

o.2

o.2

0.2

4T 2,056 )T ,O4L 248 J .) Lg ,J53

Note z f equipped with clrop structure

f) Box Culverts

8 box culverts were constructed. in MIC, of which ) culverts
were provid.ed. for rea,d. crossing and. the remaining for running

across the natural d.rains for which super passages were pro-
vided. on the culverts. Because of rather high velocity of
the canal flow, trash racks were provid.ed. for those culverts
in the concrete lined. canal for safety. The following Tabte

4.L) shows the quantities of major works of box culverts
c onstructed..
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Table 4.L3 Ouantiti-es of Major Works of Culvert!

Unit No.6 No.7 No.8 No.9 No.I0 No.lI No.12 No.13

65 44 1, r81

257

8T

29O 198 5,618

5.3 5.2 95.6

36 LT 47L

- - '^',:Z:

3,680

L95

98r

) ,689

v
TotaI

v

v

Item

Concrete, m3

Typ" A

Concrete, ^)Typ" B

Concrete, m3
Typ" C

Form m2

Re-bar t
Water Stop m

Excavati on s)
Backfill m3

Embankment m3

Replacement m3

Masonry m2

Trash Rack kg

l-56

9

I8I

J9

I5

L73

4L

I5

L93

)4

L3

184

82

L)

r86

4L

I3

548 9O7 886 r,041 936 811

L6.4 L2.6 L2.g 16.r 13.1 L).7
61 TL 7L 7L 7L TL

63L 792 1,083 3 rg4o L,47 
' 

r ,336
33L 240 352 2,623 647 667

L64 I , o5g 811 369 $5 442

96264
lgr 184 2T 22) 150

6L5 6L5 615 6L5 6L5 6L5

g) Drops

The following numbers of d.rop structures were provided. in MIC,

some of which were equipped with a conerete slab constructed.

on its stilling basis to go across the canal to connect with
second.ary read..

Table 4.I4 Number of Drops

Reach I

Reach II

Reach III

Reach fV

Total

With SIab

L7

T otal

19

Remarks

2 d-rops were provid.ed
as a part of check
structure.

2 d.rops were provid.ed
as a part of check
structure.

2 d.rops were provid.ed.
as a part of check
structure.

62

26

4

2



Tab1e 4.L5 shows the quantities of
d-rop structures exclud-ing 6 d-rops

were includ-ed- into these of check

maj or works mad.e in the

for which those quantities
structure s .

Table 4.L) Quantities of Ma.-ior Works of Drops

Unit Reach I Reach II Reach III Reach IV TotaI
No Drops

Concrete, Type

Concrete, Type

Form

Re -bar
Water Stop

Stop Log Guide

Stop Log

Nos. 6 )
m3 zB to9

m3 28 18

m2 859 i3L
t 2L .7L rr .03

m L53 )9

kg I,9I0 590

m3 0.6 r.2

A

C

4

66

L2

429

5 .Og

40

588

0.5

7

r13

2L

7)2
g .95

67

,50

0.6

20

49L

T9

2,552

46.78

299

3 ,639
2.9

4 ,L.4 Sec ond.ar.v Irrigation Canals ( SIC )

i) Earthworks

Except for S-I canals, SIC run parallely with the main road.s.

Because of rather small cross section of canals, the earth-
filling was carried. out up to the formation level of the d.ike

for both canal and. road. by using mainly bulld.ozer and. tire
roller in the embankment portions. The most of the earthfill
materials were employed from the surround.ings of the canals.
Ther, the canal section was excavated. mainly by man power.

After the excavation of the canals of SIC, j-t was found. out
that two portions in the upper part of SIC, namely about 150 m

long of S-1 canal aL an approximately L.7 km d-ownstream from

its intake and. about )90 m long of S-2 canal aL its head. por-
tion were mostly composed. of very sandy soils resulted. in
various land. sliding of those side slopes after d.iverting
irrigation water. Then those portions were lined. with concrete
as an add.itional work. The canal section lined. was 1:1.5 insid.e

slope and 7 .5 cm in thickness, and the und-er d.rain with 50 mm

d.iameter flap valve was provid.ed. on SIC, S-2. The following
Table 4.16 shows the total quantities of earthworks made in
ea,ch SIC.



SIC
Earth Filling

Mar. '79

SIC
Drop Structure

Apr. '78

SIC
Excavation

Feb. '78

v

64



s-1

s-2

s-3

s-4

s-5

S-5A

s-6

s-7

s-8

s-9

s-10

S-1I

s-1 2

Total-

B/Q

4^

Table 4.L6 Quantities of Earthworks i_n SIC

Length Excavation
(r) (m3)

7 ,424

9 ,180
L3 ,67 g

23 ,260
L) ,664
1r,gg4

6 rg4r
4,)82

46,53)
2 r552

L6,330
g,gT4

)l , og7

195,8r1

1Ir000

r,7go

4r800

3r891

) rLgo

4, 100

3 r2L9

2 ,54O

L r57L

I ,700

5,L97

L ,2OO

21739

2 ,660
5 ,260

42.067

9 ,8)9
9 r445

816

528

1, 568

636

253

87r

2 r406

428

)96

646

) ,625

3L,457

64, 000

49

EarthfiIl
(Excavated. )

(*3)

4 1602

957

502

420

602

243

L69

53)
L,243

2L2

318

49r

r ,62L

1r .913

31 , o0o

38

Earthfi 11

4 ,26)
7,72O

4 ,967

7,256

5,698

4 ,247
2 r44)
L,g)g

tL ,646
L r4OT

4 ,gl-g

3 r458

9 ,52O

69 ,482

2) |OOO

)02

As seen in above table, the quantities of earthfill worked. out
actually were as much as about 5 times of those estimated. in
the BiII of Quantities. This is mainly attri-butable to that
there exist certain micro-reriefs in the irrigable area so

that the canals were constructed. to be rather elevated. so as

to maximize the irrigable area. Average quantities cf ea,rth-
works per canal length and. the command. area are about 5.7 ^3/^
and- abour 48 yfifha respectively.

Sod--fac in
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i j- ) ReIated. Structures

a ) Canal Lining

As d-escribed. in the proced.ing section, 150 m long i-n S-1 and.

39O m in S-2 canals were lined. with concrete. Total quan-

tities of concrete used were 56 m3 in S-1 and. IlO m3 in S-2

respectively.

b) Turnouts

The following Table 4.LT shows the quantities of major works

for SIC turnouts. AlI concrete were casted. at site by using

truck mixer.

Table 4.I7 Ouantities of Maior Works for SIC Turnouts

TO Exc. FiII Con.A Con.B Con. C Form Re-bar Gate
(N"*)GT)-GI- (ilIf,-G-I- G4 lr.sf GgI

685 2,274

)55 L,285

406 L,452

)78 r,)66
)74 L,837

204 745

r28 45L

186 649

485 L,779

L53 54L

)o9 r,060
l_88 64L

485 L ,7 49

4.))7 L5 ,82L

)2 118

Pipe
p500
(r)

S-1 L2

S-2 L)

S-3 L4

S-4 L3

s-5 10

S-54 7

s-6 5

s-7 6

S-8 15

s-9 6

S-IO 1I
S-1I 7

s-12 15

Total L)4

Ave.

L29 74 62

33

39

)6

)9

I9

L3

20

4T

I5

30

I8

45

874 496 4L7

6,5 ).7 3.L

18 2)2

0. r L.7

4

1

I
2

I
I
T

I
2

I
I
2

29

20

2L

19

L7

L4

T

10

28

11

L7

11

28

53 16

544
548
424
286
919
95

L2 L3

29 24

L65
268
IB5
47 L4

50.311 397 131 20

v

4

4

7

J

v
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L4.3

4.3

L4.7

1.6

r.g
30. 0

L.7

9.7

4.7

8.1

89.0

).L

5.9

).2
6.6

L,)
L.7

L6.6

L.)
6.8

4.5

5.7

,) .6

r.8

116.0

J).L
L28 .5

Lg,2

25 .g

298 .6

L9 .2

r03. ,
64 ,2

r08. 3

9)6,6

32.3

4 1863

185

)79

46

7)
L,274

47

293

189

4L7

T ,766

268

o .32

0. 03

0.09

0. 01

o.o2

o .22

0.01

0.08

0.05

0.06

0.88

0.03

c ) Check Structures

20 check structures on total were constructed. in SIC. Con-

crete for structures were also placed. by using truck mixer.

Out of 29 structures, L) checks were equipped with steel
slid.e gat,e and. the remaining were only equipped- with stop
Iogs. Since aII the d.rop structures in SIC were provid.ed.

with stop logs at its head. to function as a check, certain
checks were eliminated.. Table 4.18 shows the summary of
work quantities of check structures in SIC.

Table 4.18 Ouantities of Maior Works of Check in SIC

Numb e r Con. A Con. Cl,,')- tr-r)-
Form Re-bar Stop LoEGzI G.)- -3f

s-1
s-4

s-5

s-6

s-7

s-8

s-9

S-IO

s-11

s-12

TotaI

Ave rage

d) Culverts

5

2

)
I
t
6

I
4

3

)

29

Concrete pipe culverts were provid-ed. in Src to be aimed- to
mainly connect the second.ary read.s with either the trunk
road- or the main road.s, 65 culverts in total were constructed-.
Except S-I canal , cut-off waIIs of culvert und.er the d-iameter

of 800 mm were prefabricated. al the batcher prant site and-

then established. at the site. Tabre 4.19 shows the work

quantities of culverts in each SIC and- those average ones.
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TabIe

Number

4.L9 Quantities of Ma.ior lrorks of Culverts in SIC

Con. A Con. C

24.0

1r .8

L4 ,6

L2 .6

14.0

3,7

2.8

4.6
23.2

2.8

9,3

9.)
Lg .g

38. 1

rg.7
26 .2

L9.3

25 .8

5.8

5.0
6.9

44 .7

5.0

r3.8
L).4
35 .9

4

L2

4

20

4

L2

4

4

8

Pipe
daoo
(r)

5)

L7

4

L2

Pipe
dooo
(r)

Form Re-bar@ G)-
4O2 L,L3)

20r T 64

257 902

208 82)

240 905

6) 2)O

50 158

7T 3OI

38r L,548

,0 r58

L53 602

Lfi 602

334 I,3oo

L2

8

20

4

8

40 L2

8

v

32

8840

I6
16

170L52.6 258 .4

2.3 4.O

e ) Drops

Drops structures were provided for the places where the canal

base has to be lowered. from the topographic conditions. 6ci

d.rops were constructed on SIC of which two (Z) d.rops in S-8

were provid.ed as a part of the check structures. AIl d.rops

were equipped. with stop logs at their head. to function as a

check to control water level. The quantities of major works

of the d.rops in each SIC are shown in the following Tab1e

4.20.

\/

(Nos.) ]il G3r-

Pipe
/loo
(r)

s-I 9

s-2 6

s-3 7

s-4 6

s-5 6

S-54 2

s-6 2

s-7 2

s-8 8

s-9 2

s-10 4

s-tt 4

s-12 7

Total. 65

Ave.
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Table 4.2O Ouantities of ]ulajor Works of Drops in SIC

Number
(Nos. )

S-I 10

s-2 15

s-3 10

s-4 5

s-5 5

S-5A 
's-6 2

s-7 5

s-8 5

s-9 2

s-10 I
S-1I 1

S-I2 )

Total 69

Ave .

Con.A Con.C-GET l;t)-
68. 5 3).5
44.2 2T .O

34.2 2L.L

24 .7 12.9

L2.3 7 .7

L).9 9.4

4.6 3.)
2L.9 L4.2

2l .6 L) .7

5.4 ).7
5 .7 2.9

4.) 2.2

L7 .O r0. 6

278.4 162.L

Form Re-bar
@ (r.g)

598 1,820

49L 3,46L

)64 2 1898

24L 2 rLLO

r45 959

L6) L,2L6

57 372

236 2 ,O7 )
222 2,0L9

67 42)

61 5L7

47 388

L7g L,579

2 ,870 19.833

4L.6 287

Drain
G)-

5.0

9.5
6.8

).6
2.4

2.6

L.2

3.8

2,9

L.2

0.8

0.8
))

Stop Log
(13)

0.09

0. o5

0.08

0.06

0. 01

0. 04

0.01

0. 04

o.02

0.01

o.o2

0. 01

0.01

4.0

Cross Drains

2.3

42.5 0.45

0.6 0.007

Pipe Pipe
Re-bar over 800 und.er 600-G)--i;r --i;r

f)

16 cross d.rains were constructed. und.er the SIC aL the places

where SIC run across the natural d-rains. Out of the total,
15 cross d-rains were provid.ed, with precast concrete pipe

and- the remaining one in S-12 canal was constructed. with
concrete box culvert. The quantities of the works are

tabulated. be1ow.

Table 4.2L Ouantities of lulaior Works of Cross Drains in SIC

Number
(Nos. )

S-1 I
s-2 1

s-3 I
s-4 2

Exe. B.FiIIrfl- fu-r-
Con.A Con.B Con.C-ril -r;T)- Til
L5.5 L.7 6.7

).4 2.6

23 .O L.7 L2.g

7 .O 4.5 4.2

Fo rm
G4
8r.6 L 1374 L2

36,2 200

9) .4 7LL 8

68.3 329

8

20
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Pipe Pipe
Number Exc. B.FiIl Con.A Con.B Con.C Form Re-bar over 800 und.er 600 \/(N";l ff,- filGT-Gry-Gry G4 tks-f Tf Tf

s-5 2

s-6 1

S-7 I
s-8 3

s-10 1

s-11 2

s-12 I

7 .7 4.6 4.2 72.O )TL L7

).4 1 .0 2.5 37 .6 235 9

3.8 2.6 4.7 )6 .3 186 10

51.0 2.8 46.7 248.0 Lr646 8 L2

6. r 2.6 6.4 49 .O 287 20

45.9 4.6 )7 .O L96.5 L r42L 7

18.6 1.9 r.g L52.7 2r3go

Total L6 1.507.0ru185.3 )4.9L29.7 1.071.69,L49 35 96

Ave. 94 .2 53 .l 1r. 6 2.2 8. r 6T .O 572

4.L.5 Drainage Canals

i) Earthworks

Along the right sid.e of R-I of MIC, the drainage ditches were

excavated., which were ccnnected. with the Balwa and JhiIjhile
vrivers. Right sicle of R-II and- R-IV were excavated. to d.rain

out the excess water of MIC as well as the natural d.rainage

water through TIC sid.e d.itches. In case of R-III, the d.rain

d.itches was excavated. on the left sid.e and. then led. to the

natural d.rain through the left sid.e d.rain ditches of 5-6 and

S-7 canals. Along the right sid.e of S-11 canal a d.rainage

d.itch was provid.ed to lead. the d.rain water of the are& sand.-

wiched by R-fV and S-10 canals. Collector d.rains along the

northern side (elevated side) of aII TIC were constructed..

The following table shows the excavat,ed. volume of the d.rainage

wo rks .

Table 4.22 Quantities of Earthworks of Collector Drain

Unit: ,3

R-I R-II R-III R-IY SIC TIC Total

Excavation 9 ,2OO 568 j rT jB j ,;-11 ) 1592 L5 ,859 )6 r5O8
\r
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6.6

20 .2

r1 .3

4.9

r8.6

7.8

5.6

10. 3

85 .)

r0.7

L4

42 45

i i ) Re lat ecl Struc ture s

Two (Z) d.rainage culverts were constructed, one near ASS and. the

other at about 2OO m d.ownstream from the crossing point of R-I
canal and. trunk road.. In ad.d.ition to above, two (Z) d.rops and.

four (+) terminal drainage structures were provid.ed.. The follow-
ing Table 4.2) shows the quantities of major works d.one in
respective structure.

Table 4.2)

ASS Culvert
R-I Culvert
TR Drop

R-IY Drop

Balwa Ter.

Jhiljhile Ter.

B-IY T er .

S-1I Ter.

TotaI

Ave .

6.3 86.9 311 10

5.o 160.6 L1834

5 .6 r0r. 5 g)o

I .3 48 .6 467

r.7 L29 .8 74L

L.2 78.4 675

0 .T 56 ,O 5L9

) .7 100.6 897

Con.A Con. C.G'' GTI
Form Re-bar
GZT (i.g)

7 62 .4 6 ,)74 IO

95 .3 T9T

24

2027

1

4.1.6 Road. S.vstem

i) Earthworks

AII the earthworks were carried. out by the equipment. Because

of d.elay in d.elivery of the earth moving equipment which were

delivered. al the site in the end of April L974r &ctual con-

struction of road-s lras commenced. from the beginning of December

L974. Since the proposed. trunk road are mostly the improvement

of the existing village road., the construction was carried out

so as not to d.isturb the normal village traffic activities for
which temporary by-pass road-s were provid.ed..

7L



GraveI pavement was originally d.esigned. to have minimum thickness
of 15 cm and. to be mad.e in aII trunk road-s and main road.s. Due

to t,he soil property of road. bed. and. the limited. fund. for gravel
pavernent, however, the thickness of pavement was revised- to have

20 cm and. the pavement was mad.e on the trunk road. of about 18. I km

Iong. The broken stone for pavement was prod.uced. by using a crush-
ing plant established al near Dud.he along the trunk road during
a period. from L974 to L976 and removed at near ASS during period.

from 1978 to L979.

Earthfill material.s were mostly borrowed. from the both sid.es of
the read.s or obtained. from the excavated. materials in ad.jacent

canals. The compaction was carried. out by read. roIIer, pneumatic

tire rolIer as well as bullclozer and to obtain at least 95 % of
the maximum dry density. For this purpose, the compaction test
w&s carried. out for approximately 200 m interval.

As to the second.ary road.s, the construction in the upper half
portion of the project area was carried. out by HMG a,s a force

account basis. Accord.ingly, the Contractor carried. out the

construction of second.ary road.s in the lower half of the project
area, namely about )5O km Iong by the Contractor while 36.5 km

by HMG. The following Table 4.24 shows the quantities of earth-
works carried. out by the Contractor.

Tab1e 4.24 Quantities of Earthworks f or Road.s

Length
(tor;

20,364

TO,694

7r,5oo

EarthfiIl
(nxcavated )

(,n3 )

6,793

6L,442

9 ,8)6

gL,LT4

L44 ,647

LOL,525

Earthfill Gravel
( Bo rr owed- ) Pavement Sod.-f ac i ng

(m3; (m3; (m2;

Trunk Road.

Main Road

Second.ary Road"

L2,995 )5 ,)56
90, 130

56 ,L65

7)

v

v

v



Trunk Road
Compaction Test

Mar. '79

Tnrnk Road
GraveI Pavement

Dec. '78

Trunk Road.
No. 2 Brid.ge Completed.

Apr. '79

T3



Trur,h Road
No. I Bridge Piling

Sep. '78

T runk Road.

No. I Brid.ge
Abut nient

Sep. '78

('oncrete Placing

.J an. ' 79

Road.

Br id.ge

T4

v

\/



ii) Road. Structures

Trunk Road-s

Three (f ) concrete brid.ges on the Balwa, Jhilijhili and

Baniyani rivers, one causeway, seven (Z) cross drain and.

three (l) culverts were constructed. for the trunk road-.

As the results of penetration tests at, the three brid.ge

sites, it was found. out that the bearing pile is required-

to support the load of brid.ge d.esigned.. Accord.ing1y, con-

crete piles with 5 m long were d,riven for each abutment

and. pier foundation in the d.ensity of one per L.3 m2 and

L.7 m2 respectively. The piles were d.riven by a diesel
pile hammer. Causeway and cross d.rains were provl.d.ed. aL

the places where the road. runs across the natural small

streams and d.rains. The cross d.rains were equipped. with
concrete pipe. The culverts with concrete pipe were pro-
vid.ed. for crossing the tertiary irrigation canals. The

following Table 4.25 shows the quantities of major works

employed into the trunk road. structures.

Table 4.25 0uantities of Maior Works for Trunk Road. Structures

a)

Excavation

BackfilI
Concrete, Type A

Concrete, Typ" B

Concrete, Type C

Concrete, Typ" AA

Fo rm

Re-bar

Steel Plates

Grave I
Concrete Pile
I{et Masonry

Boultler

Unit
No. I
Brid.ge

),929
2 16)2

TO

L22

L4

)L

L r5)t
27 ,ggg

627

4L

465

500

24)

47

m3

m3

m3

m)

m3

m3

m2

kg

kg

m3

m

m3

m3

2 r)25
L ,6)5

r31

7L

6

8

768

10, 11 3

L57

19

240

3L2

158

3 r9gL

2 r98)
263

88

II
23

L rlg4
20 rO37

470

34

390

430

L42

No. 2 No. )
Brid.ge Br id.ge

Roacl
Structure

259

rl6
69

54

52

6L2

) rLL6

TotaI

10, 505

7 ,)67
793

T6
83

62

4 rLO5

63 ,265

L ,255

140

1,095

L ,241

54)
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fr, ooo

lsoo
dooo

/+oo

Uni t

kg

m3

m2

m

m

m

m

No. I
Brid.ge

L 1274

1,869

r, lgg

AA

A

B

C

No. 2 No. )
Brid.ge Bridge

Road.
Structure Total

)L9

996

529

956

676

579

2 r548

3 1542

2 r)O8

T8

22

23

22

v

Hand.raiI

Embankment

Sod. Facing

Con. Pipe

Con. Pipe

Con. Pipe

Con. Pipe

78

22

23

22

Secd..Road.
Structure TotaI

b) Main and. Second.ary Road. Structure

Seven (7) precast concrete brid.ges crossing the lined canal ,

twelve (12) causeway for MIC siphons and. culverts and one

(f ) cross d,rain were constructed. as main road- structures
and. one (f ) brid.ge across SIC, S-1 was constructecl as a

second.ary road. structure .

The following Table 4.26 shows the quantities of major works

employed. into main and second.ary road. works.

Table 4.26 Ouantitv of Major Works for
Main and. Second.ary Road. Structure

Work Item

Exc avat i on

Backfill
Concrete, Type

Concrete, Type

Concrete, Type

Concrete, Typ"

Fo rm

Re -bar
Gravel

Con. Pipe IAOO

Hand,rail

Main Road.
Unit Structure

L 1443

429

6I

35

957

4

2 ,088

20 ,3L6
300

9

L rL)5

I

63

m3

m3

m)

m3

m3

m2

kg

m3

m

kg

I
I9

L49

I ,443

429

6r

36

957

5

2 rLO7

20 1461

300

9

L rL35
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4 .L.7 Engineerr s 0f f ice and Quarters (BO0 )

Immed.iately after commencement of the project works, the Contractor
initiated to construct their own office and. quarters. Accord.ing to the

original constructiorr time sched-u1e, E00 ought to have been constructed-

within T months after the commencement. However, the Contractor had.

encountered. with crusial shortage of cen,ent and hard-ware as r+eII as

asbestos sheet and. seasoned. wood materials which are Iocally made avarlable.
Moreover, concrete batching was compelled. to be mad.e almost by man power

d.ue to delay in d-eli-very of batcher plant and. truck mixer at. the site.

For the above reasons and. circumstances, the construction works were

largely d.elayed.. Since location of E09 site was slightly revised. from

the original d.esign to far place from the Kankar river bank where an

intake well for water supply system was constructed., the electric power

supply system for clriving an i-ntake pump d.esigned. originally was changed.

into the d.irect driving system by d.iesel engine. Furthermore, the

pneumatic tank for d.istributing water was changed. an overhead. tank in
view of the maintenance in future.

In May L975, the following houses includ.ing water supply system,

power supply system as well as sewerage system were completed. and. hand.ed-

over to the Employer.

I 0f f i ce 292.5 n2

I Foreign engineerrs bachelor quarter 278.0 m2

2 Foreign engineerrs famity quarters Lg6.g m2

I - HIG staff bachelor quarter 40).6 s2

2 - HMG staf f f amily qurarters 224.0 m2

I Punrp house 25 .O s2

I - Generator house 50.0 s2

Then, the remaining houses and other related. works were hand.ed. over

to the Employer as shown below.

I - Officerrs quarter
5 - HI\G family quarters

1 - Warehouse

L4L ,g nt2

456.O m2

300. O s12

77



E00
Building Construction

Apr. 'T)

EOQ

Building Completed

Jan. 'T6

EOQ

Build ing
Construction

Sep,'Tj

78
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I - Guest house

2 Garages

I - Guard. house

Readswith5mwidth
Land. clearing and. levelling

276.2 m2

180.0 m2

7.5 m2

970.0 m

25.4 ha

Side
Gutter
f;')--

4.2 Asricultural Sub-StatioIlASS)

4 .2 .L Canal a!4-Roal Earthworks ( CRE )

Earthworks were actually commenced. from November L974. The canal

embankment was mad-e by using bulldozer from the surround.ings. Because

of the very small irrigation canal section to be excavated. the embankment

wes carried. out upto the canal top level and conpacted. carefully so as to

obtain sufficient dry d.ensity, and. then the excavation of canal section

was carried. out by man power.

Gravel met,aling for the reads was carried. out in the sarne way as

that for the t,runk road. The following Table 4.27 shows the quantities
of the works involved- in CRE.

Table 4.27 9uqnti-lies of l{orks f or CRE

Excavation Eart,hf i11
(r3) 

-(r3)
ID Canals

Reads

) ,658 8 ,446

802 2,404
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ASS
Canal Excavation

Fab. '7 5

ASS
TriaI Cultivation
Jute Crop

JuIy '7,

ASS
CanaI Earthworks

&

Land. Read; ustment

Feb. '7,

BO

ri;.i*ii.{
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4 .2 .2 C anal- and Ro ad. Struc ture s (CRS )

L9 irrigation canal siphons, 10 drainage pipe culverts, 2 road. pipe

culverts and. Lr876 m long of brick sewer were provid.ed. for the structural
works. These construction were mostly carried. out by man power. The

following Table 4.28 shows the quantities of the works thrown in the canal

and. road. structures.

Table 4.28 Quantities of Works for CRS

Numb er

Excavation

Backfi II
Embankn ent

Concrete, Typ"

Brick l{ork

P. C. Pipe

Concrete, Type

Fo rm

Re-bar

Un it Siphon

t9 Nos.

m3 920

m) 8)6

m3

m3 20 .9

mj 83.1

m L44

m3

m2

ko-'b

Drainage
Culvert

10 Nos.

186

109

L)6

L4.4

2L.L

58

Roacl
Culvert

2 Nos.

28L

249

82

).9
r5.0

50

Bri ck
Sewer 0ther

t,876 m

L r24' 65

823 15

r_r9.8 5 .5

L27 .5 3.8

7 .2

5.3

748.O

4 .2 .) Land. Read.i ustment

Land- rea.d.justment works were carried- out by using bulld.ozer. Since

the land.s are to be used- for mainly pad.tty cultivation, the particular
emphasis was placed. on grad.ing of the farm plot. Total area of Iand.,

read.justment was 18 ha. The grad.ing quantities of earth were 41589 m3

and the quantities of embankment of bord.er were L 1232 m3 respectively.

4.2.4 Office and Residence 0uarters (ORO)

Land. clearing and- levelling were carried- out for about 2,7 ha as

compared. with the original plan of O.4 ha. Because of crucial shortage

of cement, asbestos sheet and. hard-ware, the building construction works

were substantially affected. and. the progress was d.elayed. largeIy. The

works were actually progressed. from the beginning of 1975. In August
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and. September L975, the following build.ings were

sequently hand.ed. over to the Employer.

I ) August

completed- and sub-

I
I
I
3

I

2) September L975

2

2

I
I
I
I

L97 5

- ASS Office

- Fore ign experties resid.enc e

- Manager resid.ence

- General staff resid.ences

Storage

General staff resid.ences

General staff tenements

HosteI for trainee
Generator house

Pump house

Cattle shed

260 m2

268 m2

65 m2

L)2 m2

50 m2

88 m2

296 m2

L67 m2

50 ry12

25 m2

80 m2

150 m2

4gT m2

I5O m2

I00 m2

I50 m2

IOO n2

500 m2

Subsequently, the remaining build.ings were completed. by the end of
November and. hand.ed. over to the Employer as f ollows:

I - Mess and. meeting house

I C0-0P. office
I - Work shop and. fertilizer storage

I Tool shed-

I Seed. store
I - Work shop for KPO

I C0-0P. warehouse

4.) Minor Works

The Minor Works includ.e the construction of tertiary irrigation
canals and those related- structures. The construction of the works were

carried. out by the force account basis using construction equipments for
whi-ch the Government procured. and- those equipments which would- be used

as maintenance equipment after the completion of the works.
v
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The construction work for TIC was started. in the beginning of L97T

from S-1 canal for supplying urgently water to it. Earthfilling for both

tertiary irrigation canals and. second.ary farm road.s which run along the

TfC, was carried. out to the formation level and. then excavated. the canal

section up to the bottom level. The concrete of d.ivision box were casted.

at, site in the first time but it was changed. into precast system after
constructing 4 d.ivision boxes from the following viewpoints.

i) The construction of such small structure requires rather long

time in terms of work quantities as compared. with other con-

crete worksr r€sulting in rather expensive.

ii ) Total d.ivision boxes to be equipped are approximately 830

numbers.

...\iii) fn case some parts of the structures are precasted- aL the

appropriate place and. then installed- at the site, the

construction worhs are more easily mad.e resulting in time

saving and economical.

Out of the one unit of d.ivision box, three walls, namely, upstream

cutoff , d.ownstream cutoff and. turnout wall, were precasted- at ASS.

Precast concrete pipes for culvert and. turnout were purchased- from the

local suppliers.

The earthfilling of TIC and. second.ary road-s for the upper portion
of the project area, namely, TIC branching off from S-1, S-2, S-3, S-4,

S-5, 5-6 and. R-I and R-II of MIC, were carried. out by the force account

as one of the minor works. The remaining earthfill, the d-ownstream

portion of the project area, was carried. out by the Contractor of MCW.

The earthfilling works by both the force account of HMC and the Con-

tractor were completed. by the end of May L979.

After the earthfilling was properly compacted. excavation of canal

was carried. out by the local contractors and- completed. by JuIy L979.
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Minor Works
Precasting Works

Jan. '78

Minor Works
Precasting Works

Jan. '78

Minor Works
lnstaI lati on
Pre fabri cated
Box

Jan. ' 78

of
Divi s 10n

B4

v
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The construction of d-ivision boxes as wel-1 as precasting concrete
walls were rather less progress. By the end. of June L979, about 30 %

of total d.ivision boxes required. has been constructed.. The following
Table 4.29 shows the total quantities required- for the Minor Works.

Table 4.29 Quantities of Works for lvlinor Works

Item Unit

No. Description Year
0' ty of

Boulders (13)

860

740

4L5

3 ,5L6
4,O50

2 rg)g

L2,4L9

Earthfi I I ing

Excavation of TIC

Division Box

Concrete for Box

I Kankai No. 2 Spur

2 Balwa River

3 Trunk Road.

4 Kankai Lower Reach

5 Kanhai Upper Reach
& Sard.ere River

6 Head.vorks & No. I Culvert

m3

m3

Nos.

m3

Note z f Out of above quantity, LL3r82L m3

of earthfilling was carried. out
by the MCW Contractor.

4.4 Protection l{orks

The various protect j-on works for bank of Kankai, Sard.are and. Balwa

rivers and. others were ord.ered to local contractors from time to time

since L975. The following table shows the total work quantity of pro-
tection works measured. based. on the boulders quantity.

TabIe 4.30 Ouantities of Works for Protection Works

L97J/76

L9T5/76

L975/76

L9T 6 /77
Le7 6 /77

L9T7 /79

TotaI
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5.

V. CONSTRUCTION COST

5-1 Summarv oI Proiect Cost

The project cost of the Kanka i Irrigation Project is summarized

follovs an<I the details are tlescribed in the folloving sections.

1.

2.

).

4.

6.

7.

a

10.

11.

Tabl e

De sc ription

/7
MC{ Contracf,-

lLPrlce v ar 1a,! 1on
for MCI{

/t
ASS C ontract-

lL.Erlce v ar faalon
for ASS

Deprecia.tion of
Equip. for Minor
Works

Protection l{orks

Minor t{orks Cost

Deprec iation of
Concrete Block
Machine

Laboratory anil
ASS Equipment

Consulting Serv j-c e s

HIvG Expenditure

Total

5,L Summary of Project Cost

Domestic
Currencv
( ror NR)

18,5r0

4 1224

Total (to3 )[s$---@

4,99L (5O,529)

97) ( 9,850 )

28) (2,869)

15 (t52)

292 (2,95l)

206 ( 2,082 )

4o5 ( 4, 105 )

36 (365)

667 G,7fi)

t,o22 (1o,352)

8,890 (90.010)

2,869

152

Ien
U, S. Currency
(us$ ) ( ro3 s)

) ,t62 ,47 |

555,688

/2
(49 , 680 )-

)6,O24

32,776 r92,g84-

),786.959 r92.982

9.

2 ,953

2,O82

4,ro5

77

to r)52

45 .324

Conversion rate: NR 10, f25/US$
Cost of block machine is inclucleil in MCY contract
Conversion rate: *3O8/US$

Note:

_87 _



5.2 MCl{ Contract

MCI{ contract anoult covers all <Iirect construction costs pa,iil to the
Contractor including materials costs, vages, operation ancl maintenance

costs of equipment an<I those depreciation costs except for price escala-
tion costs for the imported me.terials. The contract amount for MCt{ vas

expressed in Nepatese currency of which 6) /" were paid to the Contractor
in U.S. currency with a conversion rate of NR 10.125/US$. Since the

contract vas mad.e in the unit price contract basis, the contract amouat

paial fina.lly was considerably differed from the original contra.ct amount.

The following Table 5.2 shovs the sunmary of contract amount actually paid
(see iletails in ANNEX I).

rable 5 .2 MCI{ contrag!!9gg[_!g!13!9.]gq!!y

Unit: 103 NR (%)

)

Section

General Items

Contractorr s

Water Supply

Pover Supply

Other Works

Contingency

Bu i Itl ing s

System

System

Headvorks

Diversion llei r & Intake
Head Reach & Settling Basin

CanaI Earthworks

MIC

SIC

Collector Drains

Boatl Earthrcorks

Trunk Ro a<I

I4ain Boad

Seconclary Boad

Remarks: I ttre cost of Block Making
Iard are inclu<Ied,

Contract Amount Actually Paid

4.950 ( 93.0 )

r,22t ( roo.0 )

r28 ( r00.0 )

9ll (loo.o)
204 ( 18.1)

2,462 ( 98.ilL

12,191 (r16.5)

8,200 ( r10.4 )

4,191 (110.6)

6,).99 o44.1)
3,058 ( r26.8 )

2,821 ( 100.0)

290 ( 32.o)

6.210 ( 108. r. )

2,287 ( 88.0)

2, 518 ( 194,1)

t,425 ( 7 6.4\

5,320

t,223
r28

9)3

536

2,5OO

10. 638

7,428

) ,2ro

4.257

2 r4lr
940

906

5 ,76t
,) <oq

t,297

1 ,866

Machines and.
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Section

3E Ca.na.I and Road Structures
MIC

SIC

Drainage Ca,nal

Trunk Roatl

Main Road

Sec ondary Roatl

]F EOQ

Total

In accordance with Clause I.70 of

Contract, the increases in the Prices
to the site of the vorks vere acltled to

the folloving Table 5.3.

the General Conilitions of the

of imported materials del ivered
the contract amou-nt as shovn in

Ailditional Payment
(us$) (Ntr)

I58,007 ),4O7 ,798
rr1,088 LO8,629

5r,660 181,519

198,128 186,462

34,34O 3\4,668
2,444 24,5t3

555,667 4,22),r89

Contract Amount

t4.304
ro ,79)
1,471

578

622

530

310

4,77 5

45,056

Actuallv Pa id

t6.47)
12,1rO

r ,984

I04

| ,692

581

2

4 ,3t5

(rr:.2)
(rtz.z)
O,)4.e)
( 18.0)
(ztz.o1
(110.0)

( 0,6)

50. 
'30 

(112.r)

Table 5.3 Ad,d.itional Pal'nent by Price Esca.Iation

Unit Quant i ttr

Cement

Re-bar

Petro I
Diesel 0il
Lubricant
Grease

Total

ton L2 1226

ton 908

k( ztt
k( 2,689

k( 85

kg 6,625
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5.3 ASS Contract

ASS construction contract amount inclu<Ies all civil engineering vorks
for constructions of buildings and irrigation and clrainage system. The

contract wa,s proceeded ulcle r the 1oca1 contract so that all payments due

to the Contractor vere made in the Nepalese currency, Since the contract
was rnad e in the unit price contract basis and the project feature vas

substantially revised from the original clesign, the contract a.mount pald
finally vas consi(Ierably differed from the original contract amount. The

follorring Table 5.4 shows the surunary of contract amount paid to the
Contractor (see cletails in ANNEX-2),

TabLe 5.4 ASS Contract Amount Paid.

Unit: NB

Section

2. General Items

38 Irrigation Storage Pond.

lC Irrigetion Pump Stat ion

3D IDC Earthvorks

3E Roa.r1 Earthvorks
lF Cana1 and Roa<I Structures
3G Land Reailjustment

lH Office & Resid-ences

Total

Contract Amount Paid Amount

228 ,OOO

476,70O

64,895

57,672

)75,894

104, 988

2 1266 ,522

3 . 600. 000

10r ,887

L42,6))
24O,672

L5O ,948
)5 ,928

2 r196 r57g

2,868,646

Baseil on the Contre,ctorrs claim in accordance vith Clause 1.5I of
tbe General Conilitions, the increases in the prices of imported rnaterials
clelivered to the site of the vorks vere adrled to the contract price. The

Contractor hovever claimerl only for increase in NR 151,659 of cement

prrces.

5.4 Depreciation of Construction Equipment for Minor 'l{orks

In ord-er to construct the minor vorks including tertiary irrigation
canals and those relaterl structures as well as the operation and mainte-
na,nce of the project, HIG procured the construction and ma,intenance
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1,680

5)8

2tt
t74
),52

84

114

equipment. The construction perio<I of the ninor vorks viIl last about

five years, In the normal practices in the developing countries the

useful lives of construction equipment are considered to be 7 years on

an average and about 50 % of equipment cost are to be needed for the

spare parts. It is estimated that it rrould take a,bout 5 years for the

completion of the minor vorks, So, the depreciation costs for construc-

tion of the minor vorks is roughly calculated as follovs.

Table 5.5

Deprec iation

Depreciation Cost of Minor Work Equipment

3 Angle Dozer D.50A

t Motor Grader (l m)

I Macadam Roller (8 t)
1 Truck Crane (6 t)
1 Ordinary Truck (6 t)
1 0rdinary truct (3 t)
5 Concrete Mixer

(6 Ccncrete Vibrator )

Total

1.5 Times of
Purchase Cost--]lo'ffi

)'\q)

75)

296

244

r83

101

It4

4.O43

rateil
IEATS

ope
Ye
(Year ) ( ro3 N,R )

Depreciation
Cost

Useful
Li fe

(Year )

7

7

7

7

6

6

5

/),
=)-//2

Bemarks: I As other equipments such as a. fuel tanker,
a vater tanker, tamping hammer ancl compactor
have not been usecl for vorks no depreciation
cost for those equipment r*as consiclered,

5.5 Minor tlorks Co st

In order to expedite the progress of the ninor vorks, the excavation

of TIC vere carried out by the contract basis employing local contractor.
The earthfj-lIing vorks for TIC and secondary roa<Is in the upper portions
of the project area, about 60 /" of tL,e area, vere performed by the force

account basis antl the remainings by the Contractor of MC1i. The construc-

tion of d.ivision boxes as se1l as producing concrete cutoff vaI1 vere

carried out by the force accoult basj,s.

- 9r -
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The minor vork costs cover a,ll <Iirect costs paid for the force
account vorks including materials costs, fuel cha,rges an<t labor vages,
ancl the costs of cana,l excavation carried- out by the loca1 contra,ctors.
The total construction cost was estimated proportionally haseil on the
actual costs paicl for the concrete works cluring the period for 7977 to
1979 which is about 30 % of total concrete vorks. The folloving Table

5.6 shows the estima.ted construction costs for the Minor l{orks.

Table 5.6 Estimate<I Construction Costs for Minor l'rorks

5.6 Protection l{orks Cost

The total cost requireil for the riyer bank protection vorks ordered
to the local constructors are shown in the folloving table,

Table 5.7 Contract Amount Pa.irl for Protection l{orks

Description

Materials Co st
FueI Cost

I{age s

Contracted Arnount

Total

Descriution

Ka,nkai No. 2 Spur

Bal-va Biver
Trunk Roatl

Kankai Lorrer Reach

Kankai Upper Reach an<I
Sandare River
Headvorks aod No. 1 Culvert

Total

Cost Paid
So Far

lrol-NRl'

)66 ,5

20L.4

214 .2

| ,658 .2

2.440.)

Progress
(/")

28 .4

50. 0

28.4

100. 0

Construction
Cost

-6]ffi
l 

'29o
40)

754

1 ,658

4. r05

185

118

70

557

675

477

2,O82

No.

I
2

)
4

5

6

Qrty of
Boulders

(ml)

860

740

4t5

3 ,5L6
4 rO5O

2,8)8

t2 ,4t9
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5.7 Concrete Block Machine Cost

Tvo units of block ma,king machine \.as procured at the cost of
US$49,680 by the Contra.ctor as a l-oaned. equipment by the Employer in the
beginning ot 1976 and the Employer reimbursed the procurement cost of the

above after the ilelivery at the site.

In estimating the construction cost of concrete block lining, it vas

calculated that the machine vas to be fu1ly d,epreciated at the proctuction

of concrete block of l22,OO0 Nos. vhich correspond-s to 3 km long of the
block lining, The production of concrete block mad.e actually vas a,bout

I31r000 blocks in total for IICW. Accordingly, the cost of US$49,680 vas

fully counterl up to the d.eprecia.tion cost even though certain salvage
value of the machine is still ren^ained.

5.8 Laboratorv and ASS Equipment

Equipment purchased for ASS and- their cost are a.s follovs;

Table 5.8 Cost of Equipments for ASS

Itenr

Mini-bus
Motor Cyc le
Tractor
Laboratory Apparatus

Meteorological Equip.

Proj ector a,rrd Sc re en

Office Equipment

Spra,yor, Etc .

Total

Quantity U. S. $ NR

L 4t649 47,077

3 L,427 t4,448
2 2,8OA 28,350

L. S. 16,582 167,89)
L. S. 6,756 68,4O'

I L,529 15 ,481

L. S. 1 ,928 19 ,52L
L. S. 353 3,574

36,024 364 ,7 4)
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5.9 Consulting Services

5.9.r@rks

The construction period of !tCt{ was extenclecl by three years. Accortl-

ingly, the consulting services periocl as well as the service fees were

reyj-sed. Moreover, the conversion rate betveen Yen a,nd U.S. Dollar was

considerably fluctuateit <Iuring the period of 7 years of the consulting
services. The folloving Table 5.7 shows the total amount of fees for
the consulting services in both Japanese Yen and Nepalese Rupees,

Table 5.9 Fee for Consulting Services

Item

Remrmerat ion
Out of Pocket Expens e s

Per-Diem

TraveI costs

Communication Cha,rges

Other Expense s

Tota.I

Yen Currency
( rol Yen )

163,980

L3 ,920

9 ,645
2,957

2,48Q

L92 ,982

Local Cunencv----INRI-

68 ,946
8,400

77.)46

, .9.2 ASS Consulting Services

In oriler to assist in establishing the Agricultural Sub-Station antl

sll its activities including operetion of its irrigation system, vater
management, a,gronomic experiments and the design of cropping pattern,

the HIG engaged an agronomist for tvo years from February 197 5 to
January 1977. The total fees pairl to the consultant amounted to US$32r776.

5.9.3 Governnent Expencliture for the Project

The government expenditure for the execution of the project inc lutl-
ing construction supervision of MCl{ antl ASS an<l ASS operation nere

allocated from the national bu<Iget. The total expenditure amounted until
the cornpleti-on of the project is approximateJ.y NRs 10r152r000.
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VI . PERFORMANCE OF EQUIPMENT

6,1 Contractors Equipment for I4CW and ASS

6.I.1 Construction Plans Used

The folloving equipment and plants vere delivered by the Contractor.

Table 6.1 Pla.nts ?r o cglgl!1!\919{gytgg!

?1ant s

BuLlclozer

Motor Grad.er

Ba.ck Hoe

Yheel Loa<Ier

Tractor Load.er

Tyre RoIler
Soil Compactor

Dump Truck

Cargo Truck

Pick-up Truck

Concrete Mixer

Gasoline Engine

Concrete Vibre.tor
Pump \{/Engine

Diesel Genera,tor

Rock Crusher

MocIe I

D4D

D7F

LGJWI

I]NO6D

950

955L

nP902

NVE-IIO

TC 818I)

TF2OODN

TKzOLBN

RI(IOIJ

KDP-12U

ETB-2ACB

wr-cF,45/69
I5O run

YKS4D

YKS 3I)

IKSSD

DC-7 J

DC45

DC-30

R.]J

Delivery Date

Apr. 26, L974

May 5, 1974

M"y 5, L974

Lpr, 24, 1974

May 2, 1974

Apr. 27 , ).974

May 8, 197 5

Apr. 22, 1974

May 3, 1974

Apr. 26, 197 4

Apr. 28, 1974

Mar. 9, I97 5

Aug. 18' 1974

Apr. 29, \974

M"y I, 1974

Jan, 26, 197 4

A.pr . 26 , L97 4

t""' 
?,,,,,'' 

tn'o

Apr. 29, !97 4

Apr. 30, 1974

JuI, 8, L974

Capacity

7t
17t
).7 n

0.7 cu.m

2.J cu.m

1.5 cu.m

9.2 t
I10 kg

7L
7t
8t
1.5 t

12 cft
15 HP

13 HP

7HP
5HP

4HP

,8.4 krr

36 kW

24 kll

50 HP

Numbers

2

)
2

2

1

2

I
1

2

6

6

9

)
3

2

)
3

t0

2

2

4

2

3

2

2

I
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Nev

Used

TabLe 6.2 Contra,ctor's Orrn Plants Delivered

Plants

Bulldozer, 12 t D6

" 7t D4

Side Boom D6

Motor Grader, 12 ft.
Cravler Cra,ne, 20 t
Tamping RolIer, I.5 ft.
Wheel Tractor, 50 HP

Macatlam Ro 11er, 1O t
Tank Lorry, S rOOO l(

Land Rover

Pick-up Truck

Conc rete Mixer (V/0 Engine)

Ambule,nce

Concrete Mixer (Bromax 7 ft.)
Concrete Vibra,to r
Truck llixcer, 3 cu. m

Screen Plant
lfater Pump,

Propo sed
Number s

I

I
2

I
I
3

2

1

I
2

3

1

I
1

De I ivered.
Nunber s

I
I
I
I
I
2

4

I
3

3

2

)
I
2

2

6

1

5

3

6

t
1

I
1

1

2

2

1

2

2

1

Condition

Us ed

Usable
Numbe r s

1

I

1

2

1

1

2

2

1

4

1

5

3

5

I
t
2

2

I
2

2

t

4tt V/tO HP Engine

4tt tt /lo HP Engine

6,t \I /14 HP Engine

3" 7 HP Diese1 Engine

2t' ) HP Ga.s . Engine

2" 6,5 EP Diesel Engine

2rr 3.5 kll Motor

Generator Electric kVA/5OOO

Air Conpressor

DC l{elder, 300 amps

Diesel Pile, Hammer 3 t
Motorcycle

Electric Concrete Vibrator
Concrete Breaker

Nev

Used
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Proposetl DeliYered Usable
PIants

Conveyor Be lt
So il Compactor, 6. 5 HP

San<I Pump, 3"

Truck Crane - 2

Transformer-1Used1
Portabfe Gene rator
Block Making M""frit4

Note: I ttre cost of the Block ]4aking Machine tas
been reimbursed by the Employer end a,fter
comptetion of the production for MCV the
ma.chine va.s handed over to the Ernployer
in goocl working c oncli ti on.

Numbers Nunbers Condition Numbers

- L Usecl t
-2 |2

't2

-tNevL

-7Ner'7
-2t2
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6.I.2 Operation Hoq[s of Pla.ats and Equipment

The operation hours and fuel consumption of the rnajor construction
equipment during the construction period from October 197) to lfiay 1979
&re summarized in Teble 6.1 an<I the details are shorrn in ANNEX 3.

Table 6.3 Summary of Running Hours a,nd.

FueI Consumpt ion of Equipment

Running
Hour s

97 ,596 M

182,601 M

I,167,548 km

2L4,822 kn

20,347 ht
4r39Q hr

14,300 hr
8,590 hr
5,879 hr
2,699 hr

18, 513 hr
10,684 hr

3,204 hr

9 1915 hr
4,606 hr
Ir578 hr

)6,924 hr
15 ,869 hr
22,4)2 hr
6t ,016 hr

846 hr
6,367 hr

11,486 hr

I'ue I Ave . Probab I e
Eq ui pment

Lanil Bover

Pick-up Truck, 1.5 t
Dump Truck, 7 t
Cargo Truck, 8 t
Mixer Truck, 3 m3

Crane Truck, 5 t
Bu1ldozer, D7F

,, D4

Motor Gracler, 3.7 m

Cravler Crane, 20 t
Back Hoe, 0.6 rn3

I{hee I Loader, 2.3 nr3

Tractor Loar1er, 1.5 rn3

Tractor, 5O HP

Tyre Ro11er, 9.2 t
Mac. Roller, 10 t
Generator, 73 kVA

" 45 kVA

" 30 kvA

llater Pump

Crusher, 59 ^3/hr
Screen Plant
Con. Yibrator

IL
D

Consumed Consumpt i on l{ax. ConsumD.
(I 

'
)
8

15

3

5

2

J

2

)
1

)
)
L

4

2

I
J

2

2

)o

I
I

17

1'7 )'7 )

tt8,477
623,247

68 ,489

t4o ,702
29,L68

397 ,J75
1r2, 589

54,t34
r1,007

23L ,687
t49,065

55,328

26 ,750
t6 ,L37

6 ,829

)54 ,65)
to2,5)l
t17,696

9t ,928
9 rO2O

55,574

8,171

o.)8 (/M
o.)t (/M

.. /t
0. 51 t,km- 1.82 ( /kn/)
o,)2 (/knf t.22 lrkn
6.92 (/tu )6 .5 {in,
6.6+ ( /nr

27.8 ( /h, )4,6 (/n,
11. t {/h, t4.4 (/n"
9.2t (ihr 22.t [/n
4.os ( /hr

t2 .5 (/n ).6.) (ih,
D.9 l(/'h, 24.9 {,ihr
17.) ( /h,
2.7 ( /h,
3.5 (/h, 2o.2 l(/h,
4.n (, /hr
e.6 (/h, 17 .) (in
6.46 (/tr 10.8 lt/n
5 .25 (lhr 8.26 (/nr
I .5o ( i]r,r

to.66 ( /nr
s.7) l(/hr
o .7I I i]r,r

Avera,ge operation speecl is assumed.
Average operation speed is assumed

as 20 km/hr
as 30 km/hr

Remarks:
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As seen in the above table, back hoes, bull<Iozers and dump trucks

were quite contributetl for the earthworks and screen plant anil truck
mixers for the concrete vorks. It is vorthy of special mention that the

back hoe vas not only useful for earthvorks but for various purposes such

as concrete placing, vooclen piling etc.

As the consumption of fuel of cliesel engine is to be O,24 (/hr -
horse pover at full load and fu}l operation, the probable maximum con-

sumptions of fuel of the important equipments are calculated based on

the capacity of each equipment at 80 /" of the operation factor as shovn

in the above table. The fuel consumptions of those equipments are

considered reasonable because the average consunptions of fuel are not

more than 90 /" of the probable maximum consumption.

Though it is rather difficult to estimate a.n a.verage perforrcance of
the major equipment since the most of heawy equipment vere used for
various purposes, the eartbvorks performance at both the heacl reach and

SIC vere exarninecl from the Contractor's ilaily report, The folloving
Table 6,4 shovs average performance of earthvork a.ntl consumption of fuel.

Table 6.4 Performagg3_gl_!991ry_!gg449g[

Unit
/r

STC-

Equipment Used

Ru-nning Hours

Quantj-ty of l{orks

FueI Consumption

Earthvork/hr
tr'ue I Consumption/hr

Remarhs: TL Total filling works for SIC,
s-3, s-4, s-5, s-5A, 5-6
and S-7.

hr
mJ

(
m3

tl

Heail Reach

D/ I{7'Back Hoe

2 ,586
118 , 016

45.6

D7

r,704
t5t,4t4

45,436

88 ,9

26 .7
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6. 2 Minor l{orks

The following constructional plants were procured and used for the
construction of the minor Forlis 8,nd the future operation anil rns,intenance.

Table 6.5

Narne of Plant

l4ac adarn RoIler
Angle Dozer l{/Back Hoe

Motor Gratler

Truck Crane

Concrete Mixer

Concrete Mixer

Concrete Vibrator
Tamping l{ammer

Compactor

Cargo Truck

?ick-up Truck

Cargo Truck

Fuel Tanker

{ater Tanker

Equipment

Bullclozer, D5OA

Road RoLJ. er, 8 t
Motor Grader (3 rn)

Truck Crane, 6 t
Cargo Truck, 5 t
Cargo Truck

Constructional Plants for }linor'l{orhs

Motlel Capac it_y

67 HP

90 HP

7 1982 cc

6 t /r22 HP

L5o cc/2.5 HP

2oo cc / 2.5 HP

2HP

Number Delivery Date

1 Nov, '75

) Jwl.'76
1 Apr. '76
I NIar . '76

3 }tay '76
2 May '76
6 I'Iay ,76

8 Mar,'76
8 Mar. '76
4 llar . t76

2 Ma.r. t76

2 llar, '76
I Mar.'76
I NIar. ' 76

MM82

D5OA

N525S

T652

C I5O

c 200

MIETOH

MVET 0

BU-15

FJ45
DA-115

DA-II-3
DA-I10-3

2977 cci) t
I]O HP

6+,

b.) mr

5.0 ml

Earthfilling in the minor vorks vas excJ.usively carried. out by

bulldozer, D50A. The folloving Table 6.6 shows the performance of equip-
ment operated uliler the force account basis for the minor vorks.

TabIe 6.6 Performance of Equipnent in Minor l{orks

Fuel Performance
Running Earthvorks Consump, per Hour---Gt)-- -17t- --1;37h-;l-

194 , 118),653 hr
I58 hr

282 Wt

4,940 krn

5 ,291 kn

20 ,954 krn

42,)06 53.1

980

1,814

2,851

2,555

),274

Fue l-

Consump.

LL.6 ( /hr
6.2 (/nr
6.+ (/xn
0.6 ( ixm

0.5 I /kn
o.2 ( /kn
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VII. CONSTRUCTION MATERIALS AND LABOR EMPLOYED

7.1 Main Civil Yorks (MCW) end ASS

The foltoving major construction materials vere used. for MCW and ASS.

Table 7.I Construction llaterials used for MCI{ and ASS

Ivlaterials

Portland. Cement

Steel Bar (S)

Steel- Bar (L)

PetroI
Di-esel 0i1

Lubricant
Grease

Steel Sheet Pile
Gate

Trash Racks

n*'"t,,t'o'

I'Iap Valve, 10O mm

" 5o mm

Stop Log

Unit l{Cl{ ASS Total

ton l),223.28 84).52 14,066.80

ton 375 .65 )4 .65 410. l0
ton 553.91 L2.57 566.22

k( 2t2.90 5. 13 2t8.O)

kll 2,688 .94 88.95 2,777 .9

k( rol ,60 2.5o 106. I
kS 7,L40,O4 2J1.96 7 ,)72.O
ton 169,93 - 169.93

ton 144.59 - L44.59

ton 17.78 - L7.78

n L62.89 - L62.89

n 2,78).5) - 2,783.5)

Nos. )22 - )22

Nos. 3r50l - 3 r50L

m3 L9.79 - t9,79

The folloving numbers of workers employed. by the Contractor vere

engage<I in the construction of MCW antl ASS respectively. The details
are shown in ANNEX-4.

Table 7.2 Contra,ctorrs Employee Engaged in MClf

Foreign Personnel

Proj ect Engineer

Asst, P,/Engineer

Civil Engineer

Arc . Engineer

'74 t75 '77 '78

t2 10.6

48.2 5),5

Unit: r4/M

'79 Total

, )r.3
) ) 6R

29.O 332.2

- 58 ' 6

50

29 .3

17 .8

L2

88.2

28 ,6

'76

LO .7

4,6
84.0

L2,2
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'74 '75 '76 '77

Unit: M/M

'79 TotalForeiAn Personael

Aclmin.0fficer
Procurement Officer
Accountant

Equipment Operator
Carpenter

Electrician
Plumber

Pilernan

Mecha,nic

Mechanic for Gate

Cook

Sub-total

Lc ca1 Personnel

Staff Personnel

Civil Engineer

Electrical Engineer

Plumbing Engineer
Builcling Super.

Overseer

Mecli cal officer
Medi. cat Ass istant
Foreman

Labor, Common

Labor, Ileawy

Equipment 0perator
Vehicle Driver
Carpenter

Bar lforker
Mason

Plunber

Electrician

'78

t 13.5 )t3,7 289 .7 23t.t 2i5 ,9 \77 ).

8 8.4

8 12

8 12

28.7 7).O
2.) )5.O

- 3.0

- 4.4

- 11.4
_ 18.7

6.4 7.O

t35 479 5r5

-)t

-9)-2
-9

-35 10

-910
-612

32 L99 r80

)34 t,750 L,824

-J5 10

50 )5t )2t
J3 2t2 203

128 542 54O

r) 60 47

74 200 r37

8 5o 2t
87840

9.6 8.5

1.1 2.O

9.0 l0.l
5t.2 35,O

49.t 64.8
)1

1.0

l).4 6,4

)6 .7 42 .7

-,o

10.3 5

r0.5 5

35 .7 15

7r.8 6r.8

2.2

40 .5 34 ,2

8.8 14.9

r2.0 5.0

49 ,8

2).t-
54.8

238 .6

284 ,8

5.)
7.4

)).3
)-7 2 ,8

2) .7

34.4

r. 381.0

454 596

22t 24

t2 12

-; ,;
J-

L2 t2
t92 227

2,254_ 2 ,LLL_

577 497

247 208

348 534

98 r-5 5

190 2)7

23 t4

275

IO

5

10

4

100

r,85r

240

L2)
)-7 )

59

87

2

2 r453

68

50

9

5

158

22

46

930

10, 12 
'

65

2 ,2J6

L ,046
2 ,364

432

925

86

186
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,74 ,76

54

20

1J

30

'75 '79

864 4,2t5 4,266 4,r)6 4,73t ),A94

Unit: I'l/I1

Tota.l'77 '78
Lo c a,l Personnel

Bar Bender

Painter
Survey Helper

Tin Smith

Sub-totaI

)7 51 29

15 t7 4

66

68

20

27

T1

18

120

88

r8t
ltt

2L,706

TotaI

Note: r )

rl)

L97 4

o.7

8.0
L2.O

r.3

;,

2) .)

Unit: II/I1

Total

10.8

t-9.r
24.3

L6.9

5.5

5.6

2.4

84 ,6

L975

8.9

1I.r
11.1

5.5

5,6
1,1

56,5

t32,)
60.8

L97 6

t.2

L.2

2.4

4.8

tr.0
4,L

218 ,4

89 .7

75.1
24.8

2l_9. !,22 !,J25 !,1_67_ !,2W_ 2r2JJ 2r,087

No <Iata on the figure during a period from oct. r7l
to Apr. '74 was made avaiLable, so not counted. in
those period.

From the dry season ot t76it77 to'79 l the bar bencling
vas carried out by piece nork basis. So, nothing vas
counte<I in those per iocl

Table 7,1 Contractorrs EmploYee Engaged in ASS

I'oreign Personnel

Civil Engineer

Architect Engineer

Equipment Operator

Carpenter

Electrician
Plumber

Rigger

Sub-totaI

Local Per sonnel

Staff Persomel

Foreman
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Unit: M/M

1976 Total
Local Personnel

Labor, Common

Labor, Heavy

F,quipment Operator

Vehicle Driver
Carpenter

SteeI Bar Worker

Mason

Plumber

Electrician
Painter
Survey Helper

Tin Smith

I{ekIer

Surveyor

Sub-totaI

L974 L97 5

338.3 t,447.9
0.3 L7.5

r0. 6 59 .7

7 .9 9.5
120. 8 249 .t
L2.3 18,6

90.1 16r.0

- )) A

_ 44.7

- 73,6

- o'l

_ 7A

- oq

7OO.2 2,32O.9

50.9

1.0

10. I
).2
6.2

0,1

3,6

a,,
2.9

3.8

1,817.1

18.8

100.4

20 ,6

),76t,1

254.7

22 ,8

44 .7

74.4
t2.2
11.7

0.9

5.)

97.9 3.rr9.0

72).5 2.377.4 ),20).6

Note: As no data on the figure cluring a period
from Oct. '73 to Apr. '74 vas available,
those data, vere not countecl

7,2 Minor Uorks

The folloving ma.teria.ls were used for the construction of the Minor

I{orks up to the end of May 1979,

Table 7,4 Construction Materials used for Minor l,Iorks

Description

Cement

Steel Bar

Sa,nd

Unit Quantity

!-q-!e-I

Brg

kg

mJ

2,392

t7,302
2tl
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DescriDtion

Grave1 (20 mm)

Gravel (4o mm)

Concrete Pipe ll0O mm

l+6o nn

6)Ja nn

l6to mm

Un it

ml

ml

Nos.

Quant ity

180

179

256

t49

)4
l6

Table 7.5 shovs the number of vorkers exclud.ing engineer and

overseers for construction of the minor vorks fron 1977 to the end of

l4ay 1979, under the force a.ccount ba.sr-s'

Table 7.5 Number of Workers for I'{inor l{orks

De sc ri pti on

Supervi sor

Dozer Operator

Vehicle Driver
Carpenter

Ilason

Bar Bender

Helper

Labor, Common

Watc hman

TotaI

t977

17.o

11,8

22.1

t2 .7

8.8

5).6
19) .6

)7 .7

183.8

1978

L7 .0

3] ,8

22.L

t2 ,7

8,8

52.6

L93.6

)7 .7

383 .8

r9T 9

5.7

r0.6

2.5

17 ,5

64,5

t).6

t27.8

Unit: \l/Yt

To tal

39.7

74.2

5t.5
)oA
)n (

t22 .7

45t.7

98.0

895,4
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8.1

VIII. SUPERVISION OF CONSTRUCTION WORKS

@t
The engineering services to be rentlered by the consultant for both

and ASS are briefly described. as follovs:

i) Engineering supervision for the construction of various

facilities for the agricultural development of approximately

5,000 ha of farm tand (MCY).

Engineering supervision for the construction of facilities
of the ASS,

iii) Advi.sory services in setting up of the ASS.

iv) Adrrisory services for the accounting system of the project.

v) Assistance in procurement by the Hl'G of equipment ancl materia.ls

requirecl for the proj ect.

Out of above five items, the item iv) has been d.eleted after the

contract vas signe<I. As mentionecl previously the construction period

vas substa.ntially extended from three dry seasons to six ilry seasons.

Subsequently, the engineering services were extended. The consultant

assignment ancl the total man-months providetl d.uring the seryice period

are shovn in the follovj-ng Table 8,1.

rr l

Table 8.1

As s ignment

Resident Engr.

Acting Resident Engr.

Irri, Civil Engr,

Civil Const. Engr,

Irri, Civil Engr,

Mechanical Engr.

Architect
Office Manager

Proj ect Engr,

lotal

Engineering Services for MClf and ASS

'72 '7) ',74 '75 ',76

0.9 0.2 3,2 6.3 5,7

0,9 4.7 ).2.O 9.r 8.6

6,2 12.O 12.0

- r.5 10.6 6.1

..u ;., ;., - -
0.5 4.0 1.8 2,8 L,2

2.9 t2.r )7.3 )5,) 29,2

,77 '78

t.5 r.4
8.7 5.6

12 , 0 t2,o

3.2

0.7 r.7

1.2 1.0

L,7

27,1 21.7

Unit: ll/Pl

'79 Total

11.5 20.7

- 48.6

6.7 60.9

- 18,2

- '\)
nq ,o

_ 15

o.4 t4.9
_ t.7

9,1 174,5

_r07-



8.2 HIUG Staff for the Construction t{orks

Since the commencement of the construction of I,ICI{ and ASS, the
Government provicled the following staff inclurting the counterpart per-
sonnel for the successful and timely completion of the project. In the
first three years the most of staff vere enga,ged in mainly the detail
design and construction supervision of MCII and ASS and in the ratter three
yea,rs in the minor work construction carried, out by the force account basis
in addition to the saicl I',ICW supervision.

Table 8.2 HMG Staff Enga.ged in MCll and ASS

Ass ignment

Proj ect Manager

Divisional Engineer

Civil Engineer

Mechanical Engineer

Overseer

Supervisor

Mechanics & EL ec tr i c ia,n

Driver & Operator
Administer 0fficer
Adminster Assi stant
Accounting officer
Accounting As sistant

Total

t76 t77 t78

T2 L2 L2

1r l2 t2
64 4Q 20

12 I-
t26 144 106

108 108 111

j6 54 48

5) r08 t44
I4L69
88 116 L20

1) )) 1)

36 )6 4'

Unit: tt/tt

'79 Total

678
665

18 22I
_)o

48 542

60 605

24 186

I10 444

- ))
60 416

668
r0 155

348 2,864

,73 '74

12 t2
_t2
537
_L2

28 45

- r08

-12
-t2
_t2
- 16

_t2
t28

,75

l2
t2
J7

4

45

r08

t2
17

4

I6
4

8

57 298 279 572 669 64L

-108-



IX. RECOMMEI\TDATlON

The major works of the proiectr irrigation deve).opment of about

5rOOO ha, were successfully completed. in May 1979 vith the grea't efforts

and cooperation among those vho participated in the project implementation.

The operation and rnaj-ntenance of irrigation, draina'ge and roads facilities,

hovever, have just started. anil the vater ma,nagement and agricultural exten-

sion services play an important role of the full development the project

from nov on, Furthernore the project is the first fully integrated sub-

stantiat project r,'hich vilt be extencled. to the multi-purpose clevelopment

in Kankai river. Ior the successful implementation of the project it is

rlesired to take the folloving points into consideration.

aa )

i) Up to date, progress of installation of iliYision boxes in TIC

are only about lO /" of lol"al. numbers required.. tr'or the proper

vater rnanagement of the canal the division box is quite essencial'

It is tlesired to expetlite the completion of the remaining a'orks

vith the best efforts.

Although the opera,tors a,nil mechanics employed. by KDB are

generalty skillful for the operation, <Iismantling a.nd. assembling

of the equipment, it is consiclered. that they are not so acquainteil

to do thern properly. This is mainly d.ue to a lack of the basic

knowleclge of mechanical and etectrical engineerings and less

experiences in the Practical operation. Thereforer it is

recommended to train efficientty then at the appropriate places'

iii) Systematic operation and rnaintenance of irrigation system are

very essentiaL, Without proper vater management, no optimum

d.istribution of irriga.tion vater is expectecl. In this con-

nection, it is proposed to estabtish the most efficient
organization of O&M system for vhich the d.raft 0&M rnanual t'as

submit,ted. by the C onsultant.

Furthermore, in order to ensure the successful vater management

practices, it is recommended to train thoroughly the project

vater rna,nagement staff through either overseas training in the
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i..)

similar type of project or engaging the vell experienced foreign
expert on water management.

v)

Though spare parts of heawy equipment requirecl for about 2,000 ha

operation vere purchasect for the minor lrork construction, certain
parts vere useil cluring the pest three years operation. Some of
equiprnent have not been in use due to shortage of spare parts.
For the efficient use of the equipment, it is strongly recommended

that timely and sufficient supply of spare parts are to be made

for r.'hich usual checking and Iist up of spare ps,rts required are
essential.

The present activity of ASS is quite satisfactory on the selection
of most suitable variety of crops proposecl, muttiplication of
recomrnendable seeds of crop anil those distribution to the sur-
rounding farmers es rrell as extension services for proper
irnprovecl irrigation farming to the surroundings of ASS. The

present staff providerl for ASS is, hovever, consirlereil to be

accute short for ensuring the function of ASS,

It is therefore recommen<Ied to strengthen such technical staff
as agronornist, extensionist, J,T. and J.T.A. as proposed in the
Draft Operation and Maintenance Manua,l,

vi) Rainfall distribution pattern in the project area is consid.erably
cliffered from the north to the south. For the efficient and

proper O&M of the irrigation system, four meteorological observa-
tions at EOQ anrl 0&M section offices are proposed to be established
in ad.dition to the present station located at ASS.

vii) It has taken about six (6) years for the implementation of the
project and the operation of irrigation facitities are being
carried out by KIP. Hovever some of the plants and equipment

vhich is und.er operation by the Contractor and viII be hanrled

over to KIP in the near future, have been long used and some of
the equipment had been deletecl from the procurement 1ist of BOQ

in the contra,ct for MCll. Most of the above equipment anrl plants
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are very essential for proper opera,tion a,nd. ma,intenance of the

project, It is strongly recommend.ed to procure the folloving
equipment ancl goocls as soon as possible.

I. Ra<Iio telephone set

2. Submergible sa.nd pump (l8o mrn)

). Generator for sancl pump (30 kvA )

4. Motorcycle (90 cc)

5. Meteorological equipment

6. Generator for EoQ (60 kvA)

7. Generator for ASS (+f kVA;

8. ?ump rrith engine for EOQ water supply
( 6.5 HP)

I

)

I

4

4

1

1

l-

- rl1 -
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