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_l. EKISTIHG IRRIGATIOH AND DRAIHAGE SYTEM

1.1 CIassiEicatlon of Irrigatién Syatem

IRRiGATION'AND'DRAiNAGB PIAN

In Indoneisa, irrigatioﬁ system is qenetally classified into three
grades in accordance” wlth the following basis:

- Grade

. Stiuctures

device

- _ B Water
- of Intake = Division - Other . Canal  manage-
system facilttiés":7£aéilities‘5fabiiities ‘density  ment
~ Non=" “"Texporary Hot provided POOrly Loy " Hot
tachnical  facilities ot teémporary - provided control-
- with stone facilitfes: S lable
" ot gablon with stone, : .
: . wood or. soil”' ' Not .
rneasurable
Semi- Permanént . Permanent Relatlvely Medium  Control-
‘téchnical ‘facilities facilities " well lable
-with wet - '—with:wet ' provided’ but not
. masonty - Rasoary C ‘measurable
without withdout
' méasuring  measuring
divice “divice -
‘Technical Permanent  Pérmanent Well High Conkrol- -
~ factlities faclilities  provided - lable and
- of wet - Of wet - L ' ‘measurable
masonry | masonry
with Cwith
méasuring = reasuring
device

1.2 Bxiétinq-ffrlgétioh:Sjstém

© 8ix (6) swall scale frrigatioch systems have been déveloped in the
Projeet area consistlng of one (1) Séniltechnical itrigation systém and
£ive (5) non-techalcal” irrigatin systems, covering about 500 ha and 700
ha tespéctively. Technleal: irrigatia ‘system has not been developed in
the area. Exksting’ lrriqatian aystems’ aré’ cléssified into DPU
irrigatlon schené and Desa- (village) ' irriqatiOn schemé according to
operation and maintenance body.” Thé lécation of the existing
irrigatlbn systens are as shown in Fig Lol

N -1



Water sources of the existiﬁg systoms depend. on small streams
originating in eastern mountainous ranges. since the catchment areas
of them are small in scale, most of the streams dry vp in the dey
season, Tecigation for the areas served by the existing systems,
therefore, is limited only in the wet season., The irrigation canals of
the existing systems aré lacking éenticely or prOvided poot 1y with
distribution system and canal struétures; such as ‘dlvision . str9cturea,
culverts, measuring devices, etc. . The exlsting canals functloﬂ less
effectively and are hot free from damage, Most of ¢anals are unlined
and heavily silted. They are superannuated,

. Seni- teéhﬁtdal 1rrigatlon system developed in the Projéct area is
only Salodva scheme serving an area $20 ha, of which operation and . 7
maintenance aré carried out by ORU. . The frrigatin water for the scheme
is diverted from the Manumanu river orlqinating fn castern hlll
slopes. The ir:igatxon system consists of a. permanent intake welr - -
constructed with wet stone masonry at a catchment area ‘Of 8 kmﬁ, and
a main canal of 5,190 m with four diversion structures. Tertiary
ecanals are provlded for the limited éxtent, for 60 m in iength.
Therefore most aréa is served through plots to plbts. ‘the treigation
canal system 18 presently used for draihage in the wet season due to
lack of technlcal drainage system,

F1ve Désa 1rrigatlon schemes, which arée all non-technical
1rrigation systems, are provided with intate Eacilities including
pérmanent fntake weir constructed with wet stoné nasoniy.  Their
conditions, however, are poor and ‘opetation is not efféctive. The
canal system are primitive and the distribution system is not
provided, Irrigation is also limitéd ia the wet season. The

_oonstruction and opération and maintenance have been earried out by
farmers theﬁselves.

The irrigation areas, itrigatlon facllities of the existlng
systeas are as shown in Table 1.1.

2. WATRR RPOUIREMENT

2.1 Xcrigation Wateér Requiresents

2,1.1° Genéral

. Trrigation watér requirement is estimated Eb:'bbt&iniﬁq'the'ﬁésic
; info:mation on {1) evaluation of the availabiilty of water tesources
: and 2y determination of itrigation systea capacitles. POt evaluation
" of the Bila rivee Elow, the 1ong téra water balance betwéeén the water
_requirement and the river flow is erployed in this study, Sifce the
“discharge data are avallable for 8 years fron 1973 t6-1981, the water.
réequirements are estimated for a series of such period on 18-day basls.
For detérmination of the systea capacities, the maximum’ :equixeaent .
with dependability level of four out of five years i3 adopted. '

vi - 2



‘The estimate of the irrigatiOn water réquirement {8 made as
follows _

Ircigation water requirement of paddy, WRP:
WRP = (CU + PR + N4 + PW - ER)/B
wheres (&1} Consumptive uge Of water
PR; Percolation rate
. Nfis Hursery water
Py Puddling. water

ER} Effective rainfali o .
‘B 3 Total irrlgatlon efficiency

2, 1 2 Consumptive use of water

_ The consumptive use of water is estimated based on the etpiracal

_prediction method vsing the elimatic data and crop coefficients
relating to crop 9:0uth stages. Among the various predictlbn methods
developed so far, the nodified penman méthod is best selected in

- consideration of the availability of climatic data for applying the
method and the accuracy of the results obtainéd by it. It is génerally
aCCepted as the most reliable prediction method among others.

 The’ consumptive use of water (CU) ‘is calculated by the Eollow:ng
Eormula for each 10 days.-

'CU=Kc_x PET.

wherer (U} Consumptive use of water (mm/day)
"Kej Crop conticnent relating ciop growth stage of the
proposed cropping pattern
”PST:'Potential evapotranspiration éstinated by the
P rodified Penman method  (mv/day)

{1) cCrop coeffic ent, K&

Three sets of consumptive use measurement tank were installed in
“the southern, centéal and northeen parts of the project area, to obtain
'the data on water ¢onsunptlon fn the £ield. The locatin and équiprent
of measurenent are shown in Pig. 2 1, and Fig. 2.2,

Slnce crop ooeffielénts are one of the factors to pzedict

. consumptive usé of kater, 1t should well ¢oincide with the concept of
.thé potential evapotranSpitation éstimated by the applied meéthod.
'Futther the field measurements. are not necessarily reljable to estimate
_the long term tendency. Thén, the crop coefficients are determined by
¢ross checking the field measurement. on consumptiVe use of water by
. eoefficients used in the oa-goling irrxgation schemes around the Project
T area. They are as shoan in rig. 2.3,

Baséd on the above Exgure, the vatiances of the crop cerEiCEEnt
relating to the qrowing stages are estimated as shown below:
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First month Second month _ ____ Last month

F M I, F M L F M L

1.00 1.02 1,07 1.18 1,30  1.38 1.38 1.28 -

(2) Ppotential evapotranspitation

' Fhe kind and type of climatic data necessary for applylng the
modified penman rethod are (1) temperature, {2) ‘relative hueidity, A3)
sunshine duration or solar radiation and '(4) wind velocity on daily
basis. The meteorological ‘stations to provide such data ave Sengkang
and Kanygara. ‘To mininizeé the effect of thelr location
characteristics, the aveérage valués of calculated potential

.evapotranspitation from the abové two stations are used in this
estimate. The climatic data used in the estimate are shown in Table
2.1, :

The calculatioﬁ is made with ‘the’ reference to the Crop Water
Requttements, Irrigation and Drainage Paper Riviced Edition 1977 by
FAQ., The form of equation is ekpxessed as’ follows~

-PE’P =c .x.(ﬂ,x RA (l W) x f(u) X {ea-—ed)]

where: PETP; potentiai evapotranspiration (nm/day)
W ; temperaturé-related wefghting factor
Ri ; net radiation in equivalent évaporation (mm/day)
f(u); wi na-related function
(eaééd): differencé betwéen the saturation vapour pressure
: at mean alr tempetatute and the mean actual vapour
~ pressuré of the aic (mm bar)
¢ 3 adjustment factor to cotpensaté for the effect of
© day and night Heather conditions

. The calculation for two statiéns is as shoun in Table 2.2 and
2.3, The results are surzarized in Table 2.4 and areé shown in Fig. 2 4

‘together with the COHparxson of evaporation Erom ‘the standard class A
pan,

wrs ity ssﬁ)d.sy)-

Month "Sedgkang : ‘Kanyhafa , Avérage
Latitude S 405 - 3'3055- -
Attitude  18.0nm - _ "11.?-9 : B ;'- -

‘ Jan. | 4.7 il.? 4:57
Apr. 4.5 = " 5.0 4.8
May : 4.4 - | 4.8
ggn. 3.7 4.5 4.1

(70 be_coatinued)
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C(Units  mn/day)

Month ] Senqkang . " Kanyuara Average
‘Jul, S 4.4 4.4 4.4
Aug. 5.4 5.6 5.0
Sép- 50? 5.2 5.5
oct. 6.0 5.9 6.0
Nov. C 8.3 5.6 . 5.4

" Annual_total 1,989 1,820 1,807

(3) . Consumptive use of water,

The consuiptive use of watér Is caléulated by production of crop
cOefficlent, Ke, and potential evapotranspication. PET as calculated
above on 10 day basis.

The - averaqe valués of consumptive usés oE water (CU) f0r the

proposed cropping pattern are giveh in Table 2. 5 and sunmarazed as
folloust

_hpr. ' Héy‘t- ' ,: Jun. . ' " Jul, _ Aug.

Crop 2nd 3rd 1st 2nd 3id 18t 2nd 3rd 1st 2nd 3rd 1st 2nd
season 48 48 50 52 . 60 48 50 52 58 59 65 68 64
paddy ' - .

ot Nov. . Dac.. Jan. Feb,
3rd  Ist 2nd 3xrd 1st 2nd 3rd ©  1lst 2nd 3rd Ist 2nd 3rd
Dry ] . . . _
Season 6% 55 5§ 58 _ 53 55 63 89 62 10 65 65 49

paddy

2.1. 3 Petcolatioh tate

Percélation rates differ dependlnq onh the soil charactetistics,
topography, qtoundwatet levels, etc,  In the representative’ fields of
the northern, centéal and southézn parts in thé Projéct area, field
neasurements aré conducted during wet season c¢ropping of paddy. The

location and equipment of measurenént are as ShOHn in Fig. 2.1, and
Pig. 2.2, .

L : ‘ ' i S LT {ﬂnit( mmfday)

Station ‘Measurement No. of avail-" Average

) - period Co able date © yalue
1. DS. Bila {No:thern part) ‘Augs 13 & 21 R 7 1.4
2. DS, Léwa™ (Southédn part) Auvg.’ 15 =~ Sep. 22 - 23 1.4
3, BSs. Hele (Middle part) ° Sep. 1~ 29 12 2.0
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 The results shOw Eairly 10 values ranging fme lt?m/dayltgdZIn
mMIday. Furthei , making reférence to the value pzezgga ytﬁgp
the on~going’ itfigation schemes around the’ projéct ' b of the
" pércolation rate of 2,0 nm/day is adopted in the asgessmen
irrigatlon water requirenent.

2.1.4 Nurseéry watér

The nursety water requirement is estimated for the. amount ofiwater
- necessary for {1} preparation of nurseéry bed, (2} evapOtranspirat on
from nutsery fields and (3) percolation 1088, -

the nursery water tequitenent is estimated undet the folléwing
conditionss . .

(1) Area fequired fsr‘ﬁﬁfser§'béa*z-f1720'of'halh'fiélas
(é) Hursery perlod .7_ 7 _ s - 20 déys -

{3) Water cequiced for 20 days 1

' Preﬁatation of nursery beﬂ '”100_ﬁm'
g Bvapotrénspiratibn (5 mm/day’ X 20) 100 A
Percolation (2 mm/day x 20 days) Ty 40 mm

ngal“-' 3 240 mn

2.1.5 Puddl;gg water

‘ ; The puddling wALer requirement is estinated for the amOunt of (1)'
 water needéd for saturation of soil profile, {2y loss water o¢curred

during water supply consisting of percolation and evaporation lossés
-and (3} standing water after puddling._ L

- “he puddlinq water requ{rement is much influenced ulth itrigation
' practice and the field layout.‘ The on-going itrigatlon ‘schemes arpuad
the’ P:oject atea apply Such water supply methdd as to gradually glve.
watef 't6 a field for i long pérfod more than 10 days. Hith reference

to this méthod, the piddling watér requicement is ¢stimateéd on the
basis of 10 -day water supply.

The 0n~farm irrlgation system ulll be provlded 80 as to cover five
_or more nusbers of fleéelds 16ts by a outlet on a fleld ditch, and each
‘,'fiéld uill be served with water cbming feom' the upstiean: field.

“this- system, the standing water is inevitably needed in hlgh depth ot
watét o _
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_ In considerathn of the' abOve, the avetage depth OE standing water
ot 70 M ls adopted ;

Thus, the ;uddling water requirement ts estimated as £ollowss
(1) Hater needed for saturatloh of soii profile 75 mm
(a) Dthh of sofl and porosity

éutfacé'soiiz © 36 ¢m, 508
sub-soil 3 10 cm, 50%

ib) vapof phaSé in soils atter puddlinqz ‘5%
'Vté) Soil moisture before water-supply 't 20%
(2) Hater loss oacurred Guring wéter supply
(a) Petcolation loss (2 mm/day x 10 days) 20 m
(b)”fﬂvaporatioﬁ loss, assuaiﬁg the samé as
' g .evapotranspiratioﬁ under the  initial
s paddy fiéld condition T

‘wet " seasoh (4 8 mm/day x 10 days). 48
dry season (5.4 min/day x 10 days)- 54 ma

{(3) Average standing watér dépih”aftér puddiinq-' 70 rea

fotal - .ppf season: 219 ma
| Wet Season: 213 mm
-~ (220 mm) :

2 1 6 Bffeﬂtive rainfall

) - The rate ‘of eEEectlve rainfall to’ total ralnfall is nuch
jinfluenced with water cOnsumption fate; rainfall intensnty, water

- halding capacity ‘relating to the field sizes and shapes, and watet
‘supply method. - To' éstimate the effective rainfall, the daily water

balan¢e in the field {s carried out for the period from 1973 to 1931
under  the follo«ing cOndltionsz

(ny Hater cénsumpticﬁ ‘rate is the Sum of petcolation raté and
'consumptive use of water,

{2) 'COntinuous hater supply ﬁethod is adopted Eor fleld water supply
aanagenent, ‘

(3} Avetage water holdlng capacity of  the field is assumed to be 40 ma
" from the maximum holding capacity léss minimuwa standing water,

4 interdepted lé§s rainfall of 2 ma is consideted for every rainfall.

vE - ?



. The dally rainfall data at Tanru Tédong 1ocated On the - enttal
part of the Project area’ {¢ wsed for the estimate of the effectiva o
rainfall. The effe¢tive fainfall estimated is shown in Tablé 2.6 after

summarized on 16-day basis.

2. 1 7 Itrigation efficiency

7, The frrigation’ efficiencies are determined by the followlng
categories: : , .

(1) <Conveyance efficiency, Fei the tatio between watet received at
the field inlet and that teleased at the project intake structure.

R )) Application éfficlency,: Ea:' the ratlo betweén ‘water made directly

' available to the crop and that received at fleld inlet,!

{3) Total’ itrxgation ef[iciency, Bt _thé ratio betwéen water made
directly availablé to the crop and that released at the. Intake
structure, ¥t = Be % Fa

In consideratica of earth canals on majdr parts and caﬂal COntfol
fa0111ties to be provided, the- conveyance loss of 20% and applicatiOn
1oés inclusive of field 1osses ‘of also 208 are appliéd with reféreéence
to the design values préparéed by the Directorate of trrigat[on, DGWRD
The total ittigation efficiéncy, therefore, {s as follows?

(1) Convéyance efficiency 801'

{2) Application efficiency s 80%
(3} Total i:rigation efficiency:i 643

2.1.8 Diversion water reqﬁitément_

. {1 Unit diversion watér‘teﬁuiténeht

_ The ssasonal unit diversion water - requirements are eatimated for-
the perlod from 1973 to 1981 on 10-day basis by usé of values obtained
as abové for the proposed cropping. pattern, ‘taking-inte account ‘the

cropping intensity in éach growing period. the results are as shown in
Table 2.7.. . ‘

1'(2)_ Design water teqpirément o

_  The, itrigatlon system capaclties are’ dete:mined on, the basls of
‘780% dependability Yevel For itrigation for 10~ day requlrement., The
‘unit desigh water requitements with oocurtence of once out of five

yeéats arte estimated, based on the annual aaxinui unit water zequirement
shown in Table 2.8. ‘

- wniéiﬂ"/éééﬁia) .
Unit design water.

Hséaéoh o . . “i:>;,, L requirement
T\Dry season _ R B o _1.65
Wet season S 1.35
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2.2 Dréihaée’ﬁater ReQdiremehtq

2.2, 1 General conslderation

" The dralnage oondition of the Project area is classlfied into well
_drained, imperfeetly drafned’ and poorly drained types. The area of
5,300 ha or 47¢ of the possible land’ falls in imperfectly dratnéed and
- poorly ‘dratned conditions during the ralny season. It:is essential to
mafntain the piddy fields in & “adequately drained ‘condition for the
purpOse of successful irrigatin farmlng.

In general, ‘the criteria for calculating unlt drainage watér
réqoirément definas ‘the: rainfall intensity with certain probability and
a drals pericd necessary. for: removal of ekcéss water to an allowable
‘extent, In on-going irrigation achemés tn’ Indonesia, the ‘drainage
requiréments bave been estimated by applying different ways considering
the natural and physical conditlons prevailing over theé Project area,

Thé Pfoject area extends OVer the foot of the low mountainous
rangés;and. continues to the low-lying area around Lake Buaya. The
£166d runoffs from the above mountainous aréa concentrate:in the .
pProject areéa, - Therefore ‘the drainage systém should have the capaclty
enough to tr&nsport the flood: with0ut hanpér ing the Projéct area, in

. addltion to’ the capacity to remove ‘the éxcess water of raanfall in the
irriqatlon aréa,

The drainage water requirement, therefore, is estimated for such
etwo sourcés of water to be drained.’ The drainage for:the runoff from
‘the outside Project area Is determined from the peak discharge of flood
floa. - The drainage: for paddy fields is estimated for draining rather

~long period rainfall gradually. The calculatio of théem is shoun
hereunder.

2,2, 2 Drainage watet requiremeﬁt

The drainage water requirement for the drainage system of the
Pro;ect is estimated Eor:

(1} “removal of exceéss- rainfall in the paddy fields

(2)"transportlng the’ runoff coming Eroa the outside Project atea

(a) brainage reqpitemnnt for removal of excess rainfall
Ciw the paddy ffelds . _

- In estimating the drainage water. requirement fo: ‘temoval of excess
rainfall in the paddy. fields, the £ollowing ériteria are applied:
. four. (4) day consecutive rainfall with Eive (5) year return period

is removed ulthin four (4) days. The rafnfall data at Tanru
Tedohg is vséd for estlmate of the deslgn rainfall, The design
valué is estimated by the following formulat
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'CxR ®A
op=F x{

X 10)

where: Qp; Drainage ‘water requirement (m3/sec)
P j peak factor, 1.25

"Runoff coefficient, 0.8

'4-day consecutive rainfall, 280 m0

brainage area {(ha)

prainage period, 4 3 24 % 3,600 séc

4

o WO
‘.‘l‘.‘_

" The abové calculation gives the unit dralnage water requirement of
8.14 /sec/ha.

(b) Drainage reqpirement for. transportlng the runoff
froa the outside Pto;ect area

fo estimate the surface runotf coning from “the 1and cOveréd with

" forest,- bush, ete,, the FcHath's formula suggésted in the DRAINAGB
MANUAL, USBR, is applied. The destgn rainfall is estimated for
daily rainfall with return period of 5 years using thé rainfall
data at Tanru Tedong. The foriwula ‘applied is a8 EOIIOws:

00 = 7.2 k103 x ¢ x i x s1/5 x Al/S

where: 00; Peak flow (m3/sec)
C ; Coefficient representing the watershed characterlbtlcs,
T 0.6
i Rainfall intensity for the tire Of concent—
_ ration (ma/hr)
S ; Average gqround slope.
A; Brainage area {(ha)

Thé rainfall intensity for the time of concentration is calculated
by use of rational formula.

R . 2/3 .
. _ 2 24 L
i= 'ﬂi % (g (/b )

where: Rpyy Dally rainfall with retuvrdn periéd of 5 years

{Tanru Tedong rainfall data), 150 mm/24 hr o
T 3 Time of concentration g

The\a?etagé ground slope ts exptéésed'aé follous:
= b/ |

where: hj Pall of channel between thée fatthest conttibuting

poiat and the poiat of the concentratlon (@)
2y length oE channel {m)
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The nomograph is prepared for estimate of the time of

concentration of £lood for different h and .0 as shown in Fig. 2.6,

:(é)"Déslgh drélhégé water regquirement

Thé design discharge of the deainage canal is éstimated by use of
‘the following formula:

Qd = £ X @ + O

. wherer Od; Deslgn dratnage canal discharge (m3/sec)
» £ 3 Allowance factor, 1.15 _
Ops Drainage water requirement for the paddy fieélds
Oy Drainage water requirement for transporting
the flood runoff

3. WATER BALANCE STUDY
3.1 General

The irrigation water requirements vary from year to year, and
throughout the year, The discharge records of the Bila river, which
are made available for eight (8) years since April, 1973 néar the
Projcct intake site with a catchment aréa of 379 km2, indicate the
large fluctuation, : There is difference betweén the time distribution
of the available irrigation watér and that of the irrigation water
requiremént, In this context, the seasonal water balance study between
the supply and the requirément is conducted for the period of 1973 to
1981 to assess the available irrigation water of the Bila civer and to
estimate the irrigable area guaranteed by the Bila ziver flow.

3,2 itgi@atioﬁ Area with thé Bila River Natural Plow

. The balance ¢§léU1étiéﬁ 'i$ pade by means of dividing the river
discharge by the dlversion water requireément on the daily basis. 1In
‘making détermination of guarantee frrigation area on the short period
basis in the ‘watér balance, there is a problea on the sensibility of
the crop against water shortage and the water supply managexent., In
this study 1t is assumed that the lick of water supply for a short
period will not résult in sevele damage Eor crop in consideration of
“the effect of the standing water, and that the period of S5 days is
acceptable for the lack of wateér supply. Therefore, 10 days sean
values of frrigable areas in the cchtical low flow period are taken as
the guarantee irrigation atea by the natural river flow. The results
are as shown in Pig." 3.1, and the frcigable areas in the critical low
£low périods in the wét and dry seasons are shown in Table 3.1l. The

survaary 18 as shown below!
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(Uatte “ha)

. Het seagson paddy _ . Dry season paddy
Year Pirst Second First Second
lowest - lowest lowest ____lpwest
1973 17,580 CM.T. 17,530 13,260
1974 6,350 6,930 S 5,510 - 6,280
1975 3,480 17,830 4,670 6,390
1576 3,790 4,650 2,850 4,280
1977 7,610 8,390 2,030 2,950
1978 13,700 M.T. 5,500 5,540
1980 8,050 10,460 3,160 3,370

Based on the above result, the irrigable area with the irrigatfon
dependab:llty level of 80% is estimated for the dry aeison cropping and
wet séason cropping. .

(Unfts ha)

g Crogping, Irrigation acea
Dry season . . 2,600
Wet season ‘ - 4,600

5. REVIBY OP EXISTING PLANS
4,1 General

lefetent approachés to the develogaent of thé Bi1a iz:igatlon
projéct have been made, i.e., Master Plan and DOI Plan, In order to
forrilate the post optimua developaent plan of the Projeﬂt, hoth plans
are first reviewed and vpdated based én the résults of fnvestigation

Obtained so far, The principal developuent concepts of the ekisting
two plans are briefed as £ollows: _ .

In the Master Plan, the Bila Ittigation Project was tanked fitst
in the developrent priority. . In the study, the nain role of the water
resources development projects ia the Central South Sulawesl area was
analyzed froa the viewpoints of national policy, natlonal economy and
regional socio-econoay. Through those analyses, the basfe COncept for

agricultural developiaent in the Bila area was established. sttessed on
the follming- S

(1) increase of paddy production taking into consideratlon attalnment
. Of self- sufficiency of toodstuff at national level, and the
increase Of fatmers' incone,

(2} equalizing of regional develop:ent gap in view of the equal
distridbution of social Justice.
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In due ¢onsidecation of the above, the Bila frrigation Project was
formulated, alming at the efficient and economical utilization of the
reséurces with prinalpal developmént concept that thé Project avea
ghould cover the large extent. of frrigable land 10,500 ha to be served
with the Bila river. natural flow through the Bila intake having an
intake water level 35 m, ' L

. .0n the other hand, the Govérnment has comuenced the study and
fnvéstigation since 1975 1n response to the strong requést on the early
implementation of the Bila freigation project by the local
inhabitants, - The DOI plan alms to serve an area of 9,288 ha with the
Bila river flow through the Bila intake having an intake water level
30 m. ' . - '

‘The géné?élrféatﬁtés and iheigene:alplayoﬂts of both plans are as
shown in Table 4.1 and Fig. 4.1, respectively,

4,2 Genéral Peatures of the Existing Plans
4.2.1 Master plan '

. %hé Mastet Plan identified the natural résources endowed in the.
Bila area and proposed the development strategy in the Bila area.

- whe lrrigation devéldpment plan aims’ to serve the land lying on
‘the left bank and a bit of sandwitched area by the Bila and Boya
rivers. With the natural flow of the Bila river, an area of 10,500 ha
is irrigated. ' The ‘intake structure is constructed with a multiple
stage diveesion method at the sité about 3 km upstream from the intake
site proposéd by DOI, having an intake water level of 35 m, The
frrigation aréa was selected malaly on the alluvial plain starting fronm
35,0 a in elevation at thé head to 9.0 m in elevation around Lake Buaya.

 The project area extends for 9,300 ha over the left bank and for
1,200 ha ovér the right bank. Irrigation water of 13.8 a3/sec at

. maximus is taken at the Bila intake structure, consisting of 12.2
m3/set for the 16ft bank aréa and 1.6 m3/sec for the right bank

actea. ~The general featurées of the Project proposed in the Master Plan
are as shown in Table 4.1}, ; - :

_;@ﬁe)!ttigaﬁioﬁfétééfgdsfdétéiﬁine@'byﬁmeébsrbfiwatér'balance' _
- calculation on the qohthlyﬁbqsis for the period of 5 years from 1973 to
- 1971, which results 1a the irrlgatin area of 16,500 ha and 6,800 ha

(average) in rainy and dry seasons respectively as shown in Table 4.2.
4.2.2 (01 plan

. '?ﬁe:G§Véthment;has cdhdhctéd‘fhefinveStigatibn'for paking the
detailed design for the project covering topography, geology, soil
mechanics and bydraulic mode) test of intake welr. The detailed design

VI -.‘ 13



of intake and main frrigation systen has been completed. Thzie W,
activities made so far by the Government are indlcatid fn Table
Reports and drawings prepared are 1isted in Table 4.4,

With the natural flow of - the gila river throuqh the Blla intake to
be constructed approximately 8 km upstrean of the’ junctiOn Of the Boga_
river in a bee line, an area of 9,288 ha is ‘jrrigated,  The: Intake-
structure is constructed with so-called coupste method on méanders of
the Bila tivet, having an intake water level of 30 m.  The' itrigation
area lles from 30 m in elevation at the tead to 7 m in elevation around

Lake Buaya.

© ghe Project atea extends for 7, 608 ha ‘over the left bank and iar
1,680 ha over the right bank of the Bila river. The maximum terigation
water at the head of main canals 1is 12.11 nm3/s¢c for the leEt bank
area and 2.53 m3/se¢ for the right bank area. :

The principal itrigation developnent ptan was fdentified in 1915
based on the field reconnaissance, subsequently the topographic maps on
a scale of 1:5,000 were prepared covering an areéa 13,000 hai Based on
those raps the development plan was studied, .

The irrigation water requlreﬁent was estimated based on the
enpirical prediction method by means ot production of potential
evapot:anspiration by crop coefficient. To estimate potential
evapotfanspiration, the modified Penman method was adopted. The basic
valués used for éstimate of the irrigation water requlrement are
. sumaarized in Table 4.5, The design unit diversion water requirement
is determined to he 1.6 £/seéc/ha.

The irrigation area was determined by use of the estimatéd mOnthly'
discharge. Through thé watex balance study, the! ‘project atea was
determined to be 6,886 ha., It was extended to 9,288 ha In the Einal
desiqgn,

b

4.3 Review oE'Bxlstigg;?lans
4.3.1 Ircigation area

The irrigation plan conce fved by both plans is. the coaplete
. itrigatlon in the wet season and suppleﬁental irriqatlon in the ary
season by use of the Bila river natural flos through B8lla intake

structure. Those plans weré Eornulated under the cﬁnd{tlons of liﬁited
: hydrological inforaatlons.

The water balance study based on the aécumulated data on the Bila
river discharge indicatés that the Bila tiver flows ate far short to
irfrigate elther of the Project areas of the DOX Plan and the Master °
Plan, resulting in 4,600 ha and 2,600 ha in the rainy and dty S€asgons
with the dapendabllity level of 80% as shown 1a CHAPTER 3. Therefore
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the Etéﬁlé'éﬁd1a&equ$te,1tf}b5tiéh’wéﬁ1§ not be ensured for efther
envisaged project frrigation ateas of 10,500 ha and 9,288 ha for the
Master Plan and the DOI Plan respectively.

4.3.2  Project area

“The project areas of 10,500 ha and 9,286 ha were selected for the
land 1lylng in the elevations ranging from 35 m to 9mand 30m to 7T n
{n the Mastér Plan and the DOI Plan, The hydrological invéstigations
and study on_the low-lylng area ardund Lake Buaya, however, disclosed
the severe: Lnundation and 111-dralnage conditions of the land up to
elevations of 10 m in the wet season as shown in Table 4.6. Por the
sake of efficlent and safety irrigation farming and efficient _
:a11q¢5tlop'¢f,wate:“in;the'Bila area, exclusion of such fnundation area
from the p;éjéct,i;tigétiﬁn'area'is proposed, resulting in the area of
-10,600 ha of the Mastér Plan and of 8,500 ha of the DOI Plan,

4.3.3  project facilities

‘The irrigation systems for both plans were designed with different
water réquivements. .The Master Plan is based on the unit diversion
water vequiremeat of 1.31.8/sec/ha. thé DOI plan is based on that of
1,60 ¢ /sec/ha,  The present study on the irrigation water reguirement
made in Chapter 2, however, shows the uait diversion water requirement
of 1.65.£/s¢ec/ha at the {ntake site, The lrrigation systea capacity of
the Master Plan would be fnsufficieat to meet the ireigation water

- requirement even for the tevised aréa of 10,000 ha.. The rain

irrigation system of the DOI Plan would haye some allowance in the flow
capacity for the revised area of §,500 ha. :

. The intake steuctures are oontemplated at the different sites.
Those sltes have the following characteristics, “The intake site
propesed in the POI plan is adequate. to supply the water with the
required watér evel of 30 m in short distance to the Project area.
‘“The intake site proposed in the Master Plan is thé most desirable site
to divert water for the large area with the water level of 35 m in view
of topography, geology and hydrology.

. the design of the DOI plan was made for the main irfrigation
cacilities such as intake strudture, main and secondary canals and

' telatedzcanal.structuﬁes.a‘The‘dfainage'and farm- road systeas, however,
are additionally tequiced. '

4.4 preliminacy Design of Intake and Canals Proposed
. In_the Master Plan L .

4.5.1 General
There exists the difference in the resvlts of the facility

“designs. The deslgn in the Master Plan is prépared on the preliminary
basis, On th¢ other hand, the DOI plan is presented in the detailed
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design, In order to make compar ison ‘of both plans. the prellpiﬂaty
design of the intake and ircigation canal is carried out.,

4.4.2 Bila intake

The matn function of the fntake weir 1s to raise the water level -
up to 35 m in elevatlion necessary for diverting water to naln canals
which Supply water ‘for an area of 10 000 ha,

Thé iatake welr site is selectéd about 3 km upstfeam from the Bila :
intake site proposéd by the DOI, in constderation of topography, '
geodlogy construction access -and efflcleat operation and maintenance in
aCCordance with the proposed plan in the Hastet Plan..

At the site, topographic sufvey and geological and soll mechanlcal
investigation as preseated in AKVEX-!II and 1V were carfiéd out.

The above mentioned_investigation disclosed the following deslgn
con91derations= :

(1) The fixed type concrete weir can be placed on the baserocx in the
- présent river channel

(2) ;Tné “highly weathered’ baserock"® ls not uséful for the foundatiOn
of the weir becausé of poor sheating strength and hlgh
) permeabillty

(3} The erbankment is efficient for the right bank which is coaposed
“of mainly terrace deposit. However ; sufficient cutoff to a flrnm
baserock is recéssary’ against leakage through the tertace deposlts
and highly weathereéd loose baserock.

(4) The foundation treatment work, such as cu:tain grouting etc. is
- tfequired because the baserock is not so hard and well ceaented

7 'Hydrologacal and hydraulic conditnons for the design of the fntake
weir are taken as’ fo]lows-

llf_ Design intake discharge' The désign intake dischétqé ié"tékeﬁ as
the peak diversion requirement of 16.5 93/sec for the project
area of 10, 000 ha,

(2) Désiéh {ritake water levek: BaSed onfthé'tdpogra§h1c‘réiétidnshlp
betwéen the Intake site and irrigation atéa, the 1atake water

level is determined to bé EL, 35.20 A so as to supply the enough
water to the area of 10, 000 ha.

-(3}'jnesign flood dischatge. The flood with loo-yeat return period,
1, 200 n3/sec, Is taken as the design flood discharqe.
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{4) Design Elood water lavels Based on . the estimate of the overElow
- depth at the Intake welr; the design’ flood water level is
estimated to be K, 38.0 m,

Based on the above oonditlona, the 1ntake welr is deslgned as
foliowss o

(1) The intake weir ls of ovetflow concrete aeir combined with
 earthfill embankment, The oxcavation line is ‘determined to be EL,
18 m taking intod’ account ‘thé stable bedrock for the welr

foundation. Then the height of welr is determined to be 17.2 m at
the maximum point.

(2) The crest elevation of an 6verfl¢u velr section is given to be
- same as the intake water level of EL. 35.20 m, The crest
elevatich of a nonoverflow welr section is determined to be BL.

41,0 m, The crest elevétlon of earth embankment section is
determined to be EL. 40.0 n,

(3}1-Shape of weit is of hydraulically favourable type for the over flow
of Flood water. Hydraulie jump basin type is applied to a
stilling bastn n considération of Froude numbers and downstreéam
water depth. - Barth embankmént is of homogeneous earthfill type

with cutoff trenches iﬂ view of foundation conditions.
(4) Fundatipn treatment for conctete_weir ‘and embankment is needed;
~ for the earth eﬁbantmeht} sufficient trench cutoff to baserock

is necessary agalanst leakage through the terrace deposats and
highly weathered base rock,

- curtain gtouting is applied for the foundation treatment at the
filet of the conciete dam and at the trench of each embankment.

The preliminary design oE the Bila intake wei¢ is as shown in Pig.
4 2 to Pig. 4.8. - . .

4.4.3 tr:igation canal

The 1trigation canal system is uorked dut to command the possxble
largest irrigablée aréa of 10,000 ha starting from the above mentioned
Bila intake with the Intake water level of 35.0 m.

The layOut plannlng oE lrrigatlon canal system 'is based on the
maps ‘on a scale of 115,000 prepared by £OI and on a scale of 1:125,000
prepated by JICA in 1978. Bspecially for the secondary canal layout,

_the detailed map of 115 000, and the ptoposea layout by DO are
primarily refereed, . ‘

Based on- the Se!écted main canal route, the follouing field
investigation was catried out.

VI - 17



(1) The fleld reconnaissance is made along the alignments to know the
" micro-tdpography, hydroloyical conditions and soil’ ¢conditions, and
to colléct Earmers' opinion toward the ‘dsvelopment plan,

{2) The fcilowing.topogréphic survey was carried, The resulfs ate as
shown in Fig. 4.9. ' :

(a) check levelling for existlnq benchmarks,

(bj route survey including cross section and profile survey of
‘the main canals.

(3) ‘Soil méchanical and geoiégical idVestigation'including,

{a) penetration tests and swedish sOundlng test at @ alh‘ctfucture
sites, :

'(E) 5011 mechanical sutvey along rmain canals by pit observation
and so:l mechanical test in laboratory by the Govetnment.

(4) The cqnstruction materfal survey is made for their availabllitles
“and prices.

. {5) ' For the layout plannnng, agticultural, eccncmical and soclological
: ' data are also collected.

Based on the fietd investlgation of the canal allgnment, the route
Of the main irrigation canal is determined as shown in Pig. 4. 9. The
canal profile of the maln canal is éstablished as shown in the
longltudinal profile Pig.: 4.10. - The design of canal is based on the
design critetia presénted in CHAPTER 7.

A nuzmber of canal structures of various types are requlred in
conjunction with the irrigation canals. The configuratlon of kthese
structures are madé pioperly considering théir functiéns, canal 1ayout,
operational - schedule and social conditions in the Project area.
Related eanal structures consists of check structurés, turnouts,
siphons, culverts, spillways, ¢ross draimage culverts, drops.

-o

4.% Economic Bvaluation of Existing Plans

£,5.1  General .

In order to assess the present economic situation of both plans,
the econoaic evaluatin is aade on the follcwing condltions:

(1) :The construction cost of the Master Plan is estimated based on the
: r[preliminaty designs sade in Section 4.4.  The construction cdst of
“the ‘D01 is éstimated based on the results of the present gesign

~faclusive of additfonally required Eacilities such as dtainage and
toad systers,
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(2) ‘The irrfaation beneflts for both plan is estimated based on the
result of water balance ‘study which fndicates the Lrrigation aveas
of 4,600 ha and 2,600 ha in the wet and dry seasons cropping

reSpectively.

The géneral features of the facilities requlred and the work
'volunes for’ both plans are as Bhouq in Tablé 4.6 and Table 4.7
respectively, Based on the “above, the constroetion costs are estimated
as shown fn Table 4, 8 by use Of cost data présénted in ANNEX-VIII. The
anticipated benefits are estimated as shown in Table 4.9, making

reference to ANNEX - v._

4 5 2 Economlc evaluatiOn

The economic feasibility of both plans is examined by calculating
the’ internal rate of retutn (IRR) of the folléwlng assumptions:

_beéscription

. “Master plan DOI plan
"1 Project area 10,000 ha 8,500 ha
2. treigatfon area : _
{1) Wet séason 4,600 ha 12,600 ha
(?) Dry seasoén 2,600 ha 2,600 ha
3 project life 50 years 50 years
-from 1983 from 1983
4 Total economic cost (x 106Rp.) 27,531 21,864
5. Construction period (Years from 7 7
' 1933 ihcluding design and tender)
6 ‘Anaual net increﬁental _
o beneflts 0% 10639.; 3,759 3,759 -
1 Build up period [Years from 1933) 7 (12) 7 (13)
- Internal Rate of Returﬁ (IRR) 8.9 % 10.3 &

The intetnal rate’ oE return is calculated at 8.9% for Mastér Plan
 and 10.3t for DOY Plan, indicatfng the tathér low ¢conomic viability of
both plans. The maln réason for such low econonic feasibility is the

Yo rate of frrigatlon areas to the total area under the projecty in
other words, the project scale proposed in both plans is toéo large
co¢pared to th» avallable watet of the Bila eiver.
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5, STUDY ON RESERVOIR PLANS
5.1 General

5.1.1 Necessity of reservoir plan

: The water balance study indicates that thé Bfia r[vet natugal |
flows will fall short to frrlgate either of the project irri%atlcn
areas envisaged by the Mastecr. plan and DOL Plan, The econonic .
evaluation of both plans made fn Chapter’ 4 shows the’ low écqum c “
viability of 8.9% and 10.3% In terms of IRR for ‘the Master Plan and 111
Plan respéctively. If the extsting plans are implemented as orléina ¥
formulated, they would not be ecoronlcally justified, In these
situations, & reservoir plan is necessaty and effective for both plans

in consideration of the follosing:

' ila area is fac
() the possible irriqable land of 10,000 ha {n the B
_larger than the guarantee irrigation area (4,600 ha) with the Bila_
river natural flow as mentioned in Chapter 4._

(2) the water resources in the Bila river basin are abundant i€
regulated,’ and .

' (3} the irrigation system with the natural flow intake system, which
falls In the small scale, is not suitable from the viewpoint of
‘socio-economic conditions. :

5.1.2 Possible reservoir plans

The possible alternative sites for’ constructing storage teservoirs
are rovealed in the Bila river and the kalola river in view of
hydrology, topography and geology at the hydraulic structure dite,

. ‘An alternative Bila dan site . is selected in the middlée feaches,
néar the Bila.intake site propdsed in thé Master Plan having a .
catchment atea of 376 km2 as shown in Flg. 5.1 The Kalola dam site
is situated near the debouchrent with a catchment area of 122 kn2,

_ In consideration of the resarvoir sites and potentlal water
-_tésouzces to be utilized frém the :elevant tivers, the irrlqation
- systém incorporating a reservoir can be takén as follows:

(1} Bila dam irriqathn system; This system Is a dam freigation. systen
- to use the regulatéd flow Of the Bila tiver, “Tccigation water is
diverted from a resexvolr, therefore the Bila intake welr will not
bé necessary.

(2) Bila intake and Kalola dam combinated systeam) This system is aimed
at stabilization and supplement of the Bila river diversion water
with storage of thé Xalola river flow. Two hydraulic structures

- of thé headworks are neéded, i.¢,, an Intake wefr in the Blla
river and 4 dam in the Kalola river.
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5.2 Alternative Reservoir Plans

5,2.1 sila f'e"sé‘e‘-.-'aif plan

(1) ‘Plan formslation oE Bila dam

The Blla river is the main irtlgation water source for the. Bila
area, having the largest catchment area among the rivers to be’ utilized
in the area and providing a sultable hydrauli¢ structure site at the
head of the Project area. In order to assess the developmént potential
of thé Bila reservolr plan, the proper size Of a reservolr capacity is
flrst studied based on the Obsetved discharge data for eight years,

Pour {41 alternative scales of reservoir are selected for the
tollowing’ dlfferent irriqation dependability'

{a) Case 1 _Reservoit having a capacity to easuie the irrlgation
fully in the rainy séason for the past eight years,

{b) Case é: 'Reservoit having ‘an average capéoxty of the past

" (e) Case 31 Reservoir having a capacity corresponding to the
: second largest requireﬂent in the past elght years,

(3) cCase 4t Reésérvolr having the largest capacity required 1n
. theipast eight years.

(é) -Stotage capaéiig

. The stozage capacity of the reservoir is estimated on five days
basis for the period of eight years sincé 1973, The storagé includes
the irfigation réquiremedts, the river mainténance flow, the domestic
water and evaporatin losses.

{a) nItrigatiOn requlrements

The soasonal diversion water requirements as estnmated in
" Tableé 2 8 are used

ib) River maintenance 1o
The water to be reléased from the resérvoit is estiﬂateﬁ to
be 0.4 m3/sec as shown in Table 5.1. This is the same as
the andunt of water %o flow down” from the intake weir -in case
of an intake welir itrigation system, as shown in Fig. 5.2.

{c) DOﬁestlc water
This is estimated for the population of 83,900 on the basis
- of 0 i m3/daylpetson. .

{a)" Evapbtatioﬂ loss : - '
Tnais is estimated based on pan: evaPOIation observed at
Sengkang station after converting to thé equivalent
evaporation rate from the frée water sur€ace.
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sedimentation L L Lo -

e gheiannzal sediment 16ad transported froﬁ_the yppe;nteaghes
of the dam is dstermined to be 450 m3/km?/year, baséd on
the results of sediment analysis. The sedimentation storage
in the reservoir is calculated for 100 years,

Based on the above, thé water deflcit of the Bila river flow for:
the case of ircigation of possible i:rigablejarea-1o,ogq ha s ..
estimated as shown in Table 5.2, and the'ré@dirgdithrage_caQag};Lgs _
for the above alternative cases are determined as shéwn in Table 5.3.

(3) Genefal featurés of altetnative'siia_dams

The dam site is selected at the narcow section in-between the -
proposed and alternative Bila intake sites.. The storage-water surface
curve (0-A ‘curve) at the site is preparéd by use of the maps on a scale
of 1:25,000 as shown in Pig. 5.3. ' o

The design criteria applied in this study ares

{a) The Dam type is of f0ckfi113iypé'wlth cenpracho;c_judginQ'
from available materials around the site and topdgraphic
features. : -

(b) 7The design flood discharge is estimated at 1,500 m3/sec,
which is calcwlated for the peak flood discharge of 1,250
m3/sec with 200-year probability of otcurreace plus 20%
allowance. ' This is equivalent to that with 1,008-year

" probability of occurience. : ) C

{c) The spillway is of non-gate control type.
The typicéi ¢orss section and profile of the dam are ésléhowﬁ in

Pig. 5.4. The general features of the alternative dams afe as shown
below, I T

. Aiternétivé Case

pescription . Case-1 Case-2 Case-3  Case-4

~ 1. Trrigation acea {ave.} T e

 Wet season  (ha) 10,000 10,0600 10,000 10,000

Dry season  (ha) . 4,800 6,400 . 7,200 10,000

2. 'Stérage'-_ _ Co oo .,; : . . T

Bffective - (100md) 12,1 28,8 . 318 68.2
Dead C(165m3) C17,0 0 17,0 17,6 17,0

Total (10%r3) 29,0  45.8  S54.8 . 85.2

73, Water shifaée'levei : o f*_* I
FH.L, . - (BL. m) - 46,5 48,5  50.0 54,0

_{to be contlnued)
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Mternative Case

Pesctiption . Case-l Case~2 Case-3 Case-4

4. Dan featurés : o
‘Crest length (m) 1,200 1,400 1,500 1,300
Crest width  (m} 8.0 8.0 8.0 8.0
 Crest FL. (Bl, m) 49,5 51.5 53.0 57.0

5. Spillway L ; = _
besign’ flood (m¥/sec) .. 1,500 1,500 1,500 1,500
non-gate control type

{4) ' Comstruction cost

The construction ¢osts of the alternative dams are estimated based
on the prelininary design. The estimated costs are as shown in Table
5.4, :

5,2.2 Kalola reservoir plan

(@8] Storage capaCltg

. The main purpose of the Katola reservoit is to supplement the
water detielt of the Bila river diversion water, The vequired storaqe,
therefore, is estimated so as to make up the deficit of intake water
based on the tesult of the water balance calculation bétween the Bila
vivér flow and the diversion requirement. ‘Since the observéd data on
the Kalola river discharge is scare, the estimate of the discharge was
" made by analysing the runoff chatacteristics of the Bila river, the
Gilirang river and the Kalola river, as detailed in ANNEX-I.

The stbrage of thé Kalela resérvoir is estimated on’ the following
conditions:

(&) River malntenance flow
- The water to be released to the lower reaches is determined
to be 0.1 m3/sec which corrresponds to about 0.1
‘ m3/sec/100 km2, similar to thé released water from the
Bila intake weir in volure.

- {b) DoﬂeStic use, evapo:ation 1053 and dead storage
The principal values for estimate of those items are the sane
. as mentioned in Section 5. 2, 1

~The storage requireﬁent oE the XKalola reservoir for the possible
irrlgable area of 10,000 ha is estimated for the pecriod of eight yéars
since 1973, as shown fn Table 5.5.
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(2) General features of Kalola dam

The dam site is selected at the debouchment about 1 km northéast
Of village Watang Kalola, having a catchment area of 122 kw2, The

storage-reservolr area curye (O-A curve) at't

he site is prepared based

on the maps on a scale of 1:25,000 as shown in Pig. 5.5. -

The

- {a)

(v

(c}‘

The

‘dam features are based on the'féllowing:

The dan typé is of zoned tock £ilt type Qiﬁh_centrallcorg -
according to the results of topographlc,‘geoloqical_and.soil
mechanical investigation. :

The design flood discharge fs estimated at 800 m3/sec baged
on the peak flood discharge of 645 m3/sec¢ with 200-year
probability of occurrence plus 208 alléwance. This is
corcesponding to the flood with 1,000-year probabllity of
occurrence. : : :

The s§illway is of non-gateé control ;ypé.

general featurés of the Kalola dam are as shown below:

Pescription : ‘Géneral féatures

Irrigation area ' : .
Wet season (ha) o 9,800
Dry season (ha) o 9,800
Storage_ o : .
Bffective - (105m3) Y
pead (1053 : 6
Total (105k3) 43
wWater surfaée'level‘ | :
L.H. L. (EL. m) , 36,0
H.HW.L. (El.. R) ‘ 36.0
P.H.L. (EL. m) o 39,5,
| Pan featbtes | _ . .
Crest length  (m) . - 230
Crest width' (=) . . g
Crest EL (EL, m) : 42,5
- Spillway - : | | o
- Design dischaxrge {(m3/séc) }- 800

.Type _ . : non-gate control t?pe.
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(3) Conattuctin cost
The oonsttuctlon cost of the kalola danm is estlmated based on the

result of the constraction ¢ost eatlmate mentioned in ANNEX-VIII, as
shown in Table 5.6.

5.2.3 §e1e6ti6h ot-reSetéoif“gla

In order to determined the most desirable reservoit plan betweéen
the abové menttoned altetnatlves, the economié comparison was carried
- out for thé construction cost of Bila dam and the combined construction
cost of Bila Intake, Kalola dam and relevant faclilities, The
construction cost of Bila intake Is feferred to that presented in
ANNEX-VITL, fThe selectién of the reservoir plan is made in terms of
vnit cost per annual cropping area. The summary is as follows:

_ S Irriﬁétioﬁ area COﬂstrubtion

- Construction . Wet  bry . . eost per unit

cost . - seasén séason Annual  cropping area

‘106 Rp) .(ﬁa) {(ha)  (ha) | (Rplha)
Bila reservoir plan . o ‘ 7

Case-1 21,224 10,000 4,800 14,800 1,434,000
case-2 . - 22,330 - 110,000 6,400 16,400 1,362,000
case-3 23,886 . 10,000 7,200 17,200 1,389,000
Case-4 _ "29,156 © 10,000 10,000 20,000 1,458,000
Kalola reservolr plan 10,323 10,000 10,000 20,000 518,000

As shoah in the above table, the Kalola reservoir plan, which
conalists of the Bila intake and kalola dam for the Project headworks, is
that most economical’ reésults, compared with the different sizes of Bila

resérvolr,  Thérefére the Ralola réservoir plan is sélécted for the
proposed Project,

6. PROJECT Pm?uwrm‘c

6.1 POténtial Area for Irrigation Development

6.1, l cenetal

The field investlgatioﬂ and studiés eOver an area of about 20, 000
ha in gross relevant to the Project study pacticolarly making study on
1and suitability for frrigatidn development and the present drainage
condition for proper planhing of dralnage improvement.
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in. selecting the most suitable irrigatlon develépment atea, the L
following principal factors are taken into oconsiderationt (1) land
use, (2) soll condltion, {3 ittigability, (4) dfalnability; (5) .y
regional socio-economic conditions and (6) 0ptimum project scale i
terms of econonic viability.

The present conditions on the major factors are tevea;éd as
follows.

6.1.2  Factors atfecting selection of irrigatlon area
1y Ban& ﬁéé

The laﬂd use pettérn in the survey area is clésely correlatea to

" topographic cénaition, soll condition and availability of ‘water ¢ :
sources. In particular, deVeIOPwent of the paddy fields, matnly -
extending over the alluvial plaims, {15 well correlated to above
conditions, The paddy fields have beén presently develOpéd to the
possible maximua éktent, even oOver “the undulating tands a8 far ‘as the
above conditions are allow paddy ‘cultivation. There exist about 13,700
ha of. paddy ‘fields in ahd around the study area. Thé details. are as’
shown in’ ANWBX—V. :

(2) so6il céndition

. Thé existing paddy f:elds are developed on the two soil units, .
Butrie Fluvisols and Euttic Gleysols. ‘These soils extend over the flat
alluvial plain and have suitable characteristics for gaddy cultivatlon

1ike flat topography, deep surface soils, heavy soll téxture, ecasy
watér. availability, etce. Other 5011 units observed in the study area
are Ferric Acrisols, plinthic ActisOls and Butric RegOSols uhich extend
on the hilly regions and along the river sttetches, and are not

. suitable for rice ‘cultivation due té shallow sofl depth, stohiness and

undulating toPOQraphy.i This means: that’ existlng paddy. €ields have been

devéloped to the possible maximua extént and theré is o unused arable B

1and to bée newly reclaimed ‘under the project, The details are as shown'

in ANNBX-II,

) trigabilitx

‘ The itrigability is assessed through engineetlﬁg studies oﬁ intaké
structures and ¢anal systeas, . The possible maxfmua helght- of “intake
water level has been determinéd at 35 m In elevation Ia the Master
"Plan, in view of topographic conditions Of. intake aite, and thé . |

i available water,  The possible alignment of ir:iqation canai s thén
© taid out from 35 m intake water levél down to the exlstihg paddy
'flelds, with a view to inclusion of mote existing paddy tields. -

(4) raihabilitx
'Z"he drainability of lands is evaluated in relation ko river flowsr

jand lake watér level fluctuations.  The Lake Buaya collects the . .
_run~0£fs ahd/ot drain watet froa the Bila and Kalola riﬁers and’ other
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small stteams‘ ‘The - land 10¢at{ng around Lake Buaya is ptesently put
under poot drainage condition in the rainy season due to the stagnation
"~ Of the raised lake water.. The field inVestlgatIOn on the inundation

- conditfon for the atea around Laké Buaya revéaled that lowlying area
'wlth g:ound 1evels less than 10 nm was inundated for a 1long period

o The éxisting paddy Eiélds lylng above 10 m in elevatién are
glassified into 2 geoups, f.ey, (1) well ‘diained and (2) moderately
“well: dratned, _his condition’ could be economlcally {mproved by
' prOvision of drainage sys&em..

6.1, 3 Potential aréa for dévelopaent

the . study aréa 18 clasaified by 5uperimp03ing the above study
results,.  The potentlal area for irrlgation develoyment is selected to
be li 200 ha as shown {a the following table-

T Eand  Extent

 Present land use’ . Haihfféctbt_bf _ capablility of area
L - " .land evaluation elass
1. Pote¢ntial area for developmeént
1. Exlsting paddy Fiéld well dralned . 1 %,4900
2. -~ % . ‘moderately well = tfa 3,000
- dralned, affected
with surface water
a0 e bderately well Tig 1,500
: - ' drained, affected - - '
with ground water
A, o "maeratexy well  Tiga 800
s : - drained, affected_
with both surfacé
and ground water
Subﬁtotal L - 11,200
-Il;:;Exolusion Erom potential development arca
‘IJ Bxistlng paddy field 'high ﬁermeable - I1IRe 1,600
: soil above possible : .
canal lire _
. _f2;=” Lo "ii: perly d;aiﬁéd' T 1lla 300

. dug to Lake
- Buaya water

(To be continued)
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: - - ;-Lanﬂ'_ "Extéﬁf”
: ' Maln S “capabiifty of area
t land use Maln factor of capability of are
presen jand evaluation class -
o T (hay
3. Uplaﬁd; otchard and high permeable_soil 71111& 2,500
village area - - ' -
4, .ForéSE C shaliow 5611 : 'Ilitdf_ ﬂ 1‘300
5. Grass land  heavily shallow wa 2,900
L so0il : : :
Sub-total | _ .,: #gGOO
Total 1 S 720,000

6.2 Altecnative Development Plans

6.2.1"Alterhat{§e Plans

The land capability study ldentifies the possible frrigable land
endowéd in the area of ‘about 10,000 ha in net.  The water balance study
{rdicates that the irrigation water fot the above possible frrigation

area will be sufficiently enough with incotpdfatiné'thé_Kaléla;tiver
flow by construéting the Ralola reservoir. The review and updating of
thé existing plans show that the Master Plan will cormand the possible
largest exteat of the frrigable land but the cohstruction of canal and
intake will fall expensive, oft the other hand the DOI Plan will serve
frrigation of sonewhat smaller area but the selécted canal poute and
intake site will economize on their construction. o

7 " Thé developmeént plans on the basis of the existing plans will
resvit in the different sizes of develoment of water and rélated land
résources, In'ordet to seléct the optimal developaent plan of the

- proéject, elaborate technical and econonical conparison is made for the
follewing alternative cases: : : o

(1) Case-1 (Proposed Plan) i This alms to serve the 1a(qe'itk1§ation
' area of 9,800 ha with the irelqgation

systea based on the bailt-up DOI design

of the intake and canals includidg

additional canal starting from the

Kalola dan for cormanding the southern

‘elevatéd area, e I

(2) Case-2 (Alternative-1) : This alms to serve the possible largest

S ~ area of 10,000 ha with the irrigatfon
‘systea proposed in the Master Plan
fncorgarating the Xalola dam,
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(3} Casa-3 (Alternative-II): This aims to setve the irrigation aréa
I o " of 8,500 ha with the irzigation system
“agreed with the built-up DOI design of

. the 1ntake and canals’ incorporating the

Kalolé dam,

o The general layouts of the above plans are as shéun in Pig, 6,1
and. Flg. 6.2, and the irtigatlon diagrams of those plaris ate as shown
in P14, 6,3 and Pig, 6.4. The general feature of the those plans are

as shown in Table 6. 1, and summarized as follows:

PtopOSed

“Alternatives

(5 Road . L ke 28,0

”ﬁeéériﬁflon”. o  ' . Plan I S 11
1. ' projest area () 9,800 10,000 3, 500
2. Irrigation atea
(1) Wet season - - (ha} 9,800 10,000 8,500
(2)  Dry seéason . - (ha) - . 9,800 10,000 . 8,500
3. project facilities
oy B&ié‘fﬁt&ke : _ o
Basic¢ plan _ designed proposed in  designed
- by DOI Master Plan by DOI.
Intake WL o 30.0 35.0 ‘ 30.0
(2) Kalota dam - S ,
- Total stofage . _(106m3) 43,0 44.0 , 35.0
Bffective storage (106m3) ' 37.0 38,0 29,0
‘Crest elévation  (m) 42,5 42,5 _ 4r,0
‘Crest’ léngth T (m) : 230.0 230.0 . 210.0
k) ”Itrigation canal - Lo . L
- Main canal  {km) 46.1 - 45.7 27.5
Secondary canal - {km) . 98,3 T4.2 163.3
. Tertiary system (ha) 9,800 = 10,000 _ 8, 500
_-{4) . Drainage .canal . (km} . 86.5 92.5 N 81.0
2960 23.0

6 2, 2 Basic condltions for evaluation

. The evaluatlon of alterﬁative éases is made’ by means of économic
evaluation in terms of the internal” rate of return’ (IRR)

 The project beneflt 1s assessed in the’ primaty increased crop

_ ptoduct{on benefit per annwa,. This anounts to 942,500 Rp/ha’ for

- respective plans, as detafled In Table 6,2, Whereas there exist the
, paddy fields about 409 ha in the Kalola resetvo{r area. After
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Iy o i s will get lIato :
completion of the Project thQse_P?ddY“fields W T
oo produntive land undet watéc, The loss of farm land fs evaluated ‘as
negative bonefit by the Project, reduting the aforementioned = =
incceméntal crop production value, This corresponds to 15, 00 Rp/ha
per annum, ' ' '

. The construction cost for alternativé cases are ¢stimated at 1981
. price level based on the préliminary désign and quanitities taking for

the required facilities as shown in Tablé 6.3,  The_gOﬁ§Erg?§i9n'¢osts;
fnclude the transfer payment such as custom duty, fncome’ tax, . o
.cooperation tax, etc., which corresponds to 10% of the ditécF e
construction cost. In the estimate of the economic cost, such amount
is deducted from the oonstruction cost. The cost required for land
acquisition and price contingency are also not incorporated In the
estimate of economic cost. The construction costs and -the econoaic

costs estimated for alternative cases are as shown in Table 6.4,

6.2.3 Selection of proposed development plan

" Mo evaluate the econoale feasibility of alternativé plans, the
internal ratés of retura are calculatéed vnder the following ocnditions;

L : B é;dposed ’Alternativés_
Desc:iption : Plan g I_ B R}
1. 'Pféjeét atea
(1) ~ bevelopment area (ha) 3,800 - 10,000 8, 500
- (2) Trrigation area: L . : 3
- Wet season {ha) - 9,800 10,000 -~ . 8,500
DIy season {ha) © 9,800 16,000 S 8,500
2. conditions of comparison '
(1) Project life {year from 1983) 50 50 - 59
(2} Construction period ) 7 7

{years from 1383 incl. design
and tender) - '

(3)  Build-up period to full sy Sy sun
-~ . developnént stage (year from : '
1983) '

3. EBodnomic cost and benefit
(1) Total econoaic cost {106Rp) 35,178 ‘37;836 31,829

(2} Annual net increzental 9,552  9,7% - 8,218
benefit (166rp) ‘ : '

Tnternal vaté of T T
teturn (1RR) - (2) ' 15,3 K50 0 15,0
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As shdwn in the above result, ‘the pfoposéd Plan indlcates the
hlg‘hest IRR of 15,38, follw-ad by’ Alternatives-1 and 11, The '
frrigation development aréa of thé proposed plan reaches to
approximately possible masimum {rrigable land in the Bila area., “hat
means the large amount of irriqation henefit and the large nunber of
beneflelary ¢an be ensited, 'This plan will contribute to thé regional
socio-econonic development fn” thé Projéct area, Consequently, the Bila
Irrigatibn Ptojéct woula be formulated with Case-1,

1. mmmm\f b:_:‘;f';réi or Pac'it.mes
7 1 Genetal

" Theé facilities requlred for the Pro;éct fnclude Bila fntake
structuce,; Kaldla dam, ircigation canal and their relatéd steuctures,
- dralnage . facillties and farm: roads, The préject facllities should be
" provided in the most effective and économical manner sé that each
funétion can be ¢diabined with the fully compatible with farping
operatlon introduced in the Pro:ect area.  In consideration of the
above; the prelimina:y desiqn of the facilities is carried out as
mentioﬂed belbw. B

7.2 Bila Intake
7.2.1  Géneral

‘The detailéd design of thé Bila intake weir has beén completed by
“POI, based on’ the results of the hydraulio model test. - The details of
the tesults oOf the hydraulic model test and the design are descrxbed in
the xeports titled:;

(1) LAPORAN "PENYELIDIKAN' RIDROLIS bgnc‘;m‘ ma_')_sx., 'TBRHABAP RENCANA,
. BENDWNGAN BILA, JUL. 1,.1977; DIRECTORAT PENYE LIDIKAN MASALAH AIR

(2) PIHAh DESIGY BBNDUHG BILA, JUL.-l 1980, PT HEODH LTO., DIRECTORAT
'IRIGASi o

S with scrutinizlng the above nentionéd reports and drawings and the
techniéal review of the weir design to be mentioned in the succeeding
section, the Bila intake welr desigh by the pOI is szposed for the
intake of the Project as summarized bélow.

7.2,2° General feature of the Bila intake B

(1’) Functlon

, The main function éf the Bila intake is to divert the required
- gquantity of irrig&tion water frém the Bila river to the Project atea of
- 9:800 ha,  In ordér to fulfil this purpdse,: the struéture will consist
of various components such-as’ lntake weir,’ opetatioﬁ bridge, coupure
channel and ‘tlosure’ embankmeﬁt Por we11 functioning as the intake
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structure, each component will be combined and fully compatible with

" each other,

The details are shown In the attached DRAWINGS,

(2) Features of intake structure

{a) Hyd:dlo@ical and hydraulic conditions

‘ (i):

{ii)

i)

{iv)

Design £100d discharge —
The design flood discharge with 100 year return period
is taken to bé 1,200 m3/sec as estimated fn ANNEX-I,

Pésian flood water level

The desiqn flood water level ia the upstram section of
the welr is céalcelated to be EL. 34.40 n which will not
give efféct of inundation in the upstréam area.

'Design dlvetsion discharge

The design diversion discharge is determined to be 12 71
n3/sec cpnsisting of 10,73 n3/sec for the left main
canal and 1,98 m3/sec for the right mafn canal.

Design 1ﬁtake water level

To serve the project area smoothly, the intake water
level is sét at 30,3 m, which provides the water level
of EL. 30.0 m at the canal head,

{b) cedioqical aﬁd'foundétion-cdndition at,wbir site

The bedrock éxists at the depth of 9 n below the surface.
The beécrocks ade Tertiary Pliocene sedimentary rocks. consisting of
‘ alternating bedrocks of conglomerate, sandstone and siltstone,
overlain by Quaternary Deposits. Thé perméability 6f this layec
is in the order of 10~ 3lea/sec.

{c) Design structure features

'(i)

S (ii)

with wet stone masonry. The crest elevation of weir is
set at EL. 30.3 a. At the niddle part 6f the wefr, the

‘scoring sluices provided with stoplogs are COnsttucted.

weir, “The type of sluice is of under sluice.. At the

. left side, two numbers of slufceway are constructed with
" the width of 2,0 m each, and at the right side, one

number Of sluiceway is provided with the sape width,

"~ The gate is of wooden qate manuat operated type.

The jngageg are provided at both banks. Bottoa heiqht
of intake is set at EL. 28.70 m for. both sides, Thiee
s¢ts of intake gate and one set of lntake qate are

installed for the leEt and right sige intakes

respectively. - The design velOclty at the Intake gate is

1.2 nfsec and 1.5 m/sec for the left and tight side
intakes respectively.
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(1) The o _pgtgtipglgriﬁgﬂ i8 ¢onstructed about 25 m upstream

"Of the welr, having a total width of 5,1 m and the total
- lendgth of 70,0 m supported with four plers.

{v) The closure gmgagygpgg is of homegeneous eaarth
" embankment with a crest width of 5.0 m and crest
elevatlon of 36,15 m. The maximum height from the
riverbed is 12.65 m. Thé crest of the closure
embankment 'is connected to the left embankment of intake
weir and the bridge.

“{vl) The COUpure channel is excavated uith the base width of
: © 70.0 m and the base qradlent of 11651 corresponding to
" the riverbase gradient around the welr,
The general féatures of the Bila Intake are simmarized below:

M biversion welr

{a) Tye of wéir - | _' Caséade type
:(b). MaEétI§1'6f welr ' ' - Wet stone masonry
(¢} Crest élevaiiah' NN . _BL. 30.3 R
[&)) Water level at canal head LB 30.ﬂ m
(¢) * Max. diversion diécharge 12,71 w¥/sec
() Crest léngth of overflow weir 47.5 m
{9) Width OF scoring sluce including piers
‘ Left side . 7.0 ﬁ
“"Right side : 3.5m -
Cehtte o 12.0 m
(h) Width of intake ' ' |
| _ Left side (gate size) 8.5 m (2.0'm x 3 Nos.)
Right side (gate size) 1.3 m (1.3 m x 1 No.)

TY) 'Height of weir _ _
Upstream weir [{£com stilllng basin) 8.65m
Downstrean welr (from stilling basin) 9.85 m

{3) Bridge - . _
Total width . | Sl m
otal length o 70.0 m

{2) ‘Closdré embénkment

{a)  Type of embankment | o .Homogenéous
{b) Crest elevation S i 36,15 @
" {¢}  Crest width . ' 50 m
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(8) Max. helght {from riverbed) 12.65 ﬁf
{e) Crest length o 60 m

7.2.3 Technical reviéw of the design

(1) Design flood discharge

The design flood discharge of the welr was estimated atfl ;36 _
3 d on thé observed data of the
ml/se¢ in the existinq design Base
flﬁod of the Bila river, the deéslgn flood discharqe is estimated at
1,200 m3/séc with lOD-year probabllity of éccurrence as mentioned “in
ANWEX-I. This is about 6% hxgher than the originally astimated velue,

{2 Hater levels

In order to check the hydraulie szpertles of the flow over the
weir, the water lévels in the upstreéam and downstréam sections of the
weir are calculated based on the lnvestigation data.

Thé . water level qauging station of the Bila river has been
.established ‘approximately 1 km downstrean from the proposéd welir site,
' At the station the discharge-water level relation has beén Obtainéd
In addition, to conflrm the discharge-water level relation at the flood
condition, the water profile of the Bila river flood is estimated by
usé¢’ of the résults of the topographic survey of the Bita viver course,
as shown in rig. 7.1.

Based on the abOVe, the water levels at the downstrean of the weir:_'
for the different discharge are’ estimated as followss

pischarge (m3/sec) T 1,200 750 490_:f 200
Bstimatéd ‘doWnskream WEBL (m) C 28,40 272,50 26.060 25,10

The above ¢alculation shows that the water level ih'the downstream

section at the peak flood seens to be higher than the design watet
level BL. 25.6 m,

Based on the estimated water lével in the downsttéaa section, the
water profiles over the weir are also estimated as shown bélowt

“Water level in the ' “Hater levél fnithe

" pischaege riddle stilling basin .' opstrean section
: € Mt WEL € " le ! Ht ° WEL
1,260 m3/sec  2.03 4.14 29.53 2.14 " 61.5 4,10 34,40
750 2.00 3,07 28,60 = 2.06 6.8 3,15 33,45
400 1.99 2002 27.62 1,99 62,0 2.15 32,45
200 . 1.89 1.31 26.95 1.90 62,2 1,40 31,70
Rematrkst € . j Overflow coefficlent

Ht § Total head of flow over the ueir
hBL; HWaterr  level

14 § Btfective 1ength of welr poxtioa
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Accordlng to the above, the water levels in the middle stilling
basin and fn the upstreanm sections would be 0.25 m higher than the
desing water levels respectively.

(3) Meir stabiltty against turnlng, sliding, subsidencé and
geepayge. under welr

Under the varied hydtaullc COndltiOns as estimated above,; the weir
'stability is examined, The calculatisen shows that the weir is stable
against turniag, sliding and subsidence.. The seépage length of 30 m of
the weir 8 also long énOugh for reducing the enérgy underneath the
structure,

(4)* Riprap in the aowﬁstréam‘séétibn'

The intake welr is not prOVided uith the riprap of the downstrean
 section. The flexible’ riprao of’ 40 m in length will be neéeded in the
downstream section.

7.2.4 Discussion

The type of intake welr designed by DOI has been detérmined to be
of cascadé type through thé hyd:aulic rodel test for the reason this
type would effectively and smoothly dissipate thé excess enérgy of the
released water over the welr. _The_magnitude_of the excess énerqgy
depends on the difference in watér levels betweén the downstréam and
upstrean sections. The Study Téam éstimatéd the higher water level of
28,4 m than the designed water level of 25.6 m in the downstream

“gséction:at thé flood stagé, baséd on the résults of the topographic
survey of the Bila river channel and the hydcaulic and hydrologlcal
studiés thereon

. The ‘investigation and study 3o not prove the downstream water
level used in the design, even with scrutinizing availablé documents
and data on the welr design and the study résults. However,  in due
consideration of the fact that the existlng design of thé weir has been
confiraed theough the ‘hydraulic model test, the design of the weir

prepared by DOL: was selécted as thé proposéd plan in: this stage of the
feasibility study, .

in cése oE éxpectatibn of highet ‘watér level than the adopted
value, however, it is likely that (1) thé cascade type of weir would be
" of expenslve type under the small difference in the watec lévels: .
between the upstrean and downstrean sections, (2) the sidewalls in the
downsteeanm basin are requlred to be heighténed and (3) the bottom leyel
of the dovnstréan stilling basin 'can be rafsed. ' It is recommended in
the design stage, therefore, that thé downstream water lével of the
welr should be proved.
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7.3 Kalola banm
7.3.1 General

The main function of Kalola ‘dar is to supplément the water deficle
of the Bila river and to stabilize the irrigation of the Projéct, The
- details aré shown in the attached DRAWIRGS.

The proposed dam site is selected at a narrow neck of the Kalola :
river about 10 km upstream of the confluence of the Bila river, in

considetation oE the follcwing-

{1) Topography and geology Sf the site
(a) Narrow portion of the river coursé;
{b) The site having stable baserock,

{c}) The site to permit the low dam height and the enough
storaga capacity and to have largé catchment area,

{2) Cdnétrbﬂticn* The site to econonize on construction
{3} Operation and maintenance' The site to provide good access for

operation and maintenance.

7.3.2 Géolééicéi.features of the Kalola dam site

According to the results of qeological investigation the follouing
conditioas were discloged'

{1) Baserock of the dam sité is composed of moderateif caarse
sandstone and partly conglomerate.

{2) <The left bank is formed by a thln ridge: and steep slope. composed
of mainly coarse sandstone covered with surface soil. ‘

(3} The right bank rises on a clifE of a terrate for abOut 5 meteres

: héight from the general river. water 1lével, The: térrace with the
width of about 70 m is composed of maialy silty materials and
partly’ sand and gravel deposits which are very loose and soft.

{4) The geologlcal c0nditions of’ rlqht bank may be nearly simllar to
the leEt banm. .

Based on the “above finding, thé Eollowing conditiéns should be
taken into consideration Eot the dan deslgn:

(1) The fresh and firm baserock is suitable for the toundation of a
. _low height concrete: gtavlty dan and £11} type dam..

- (2) The highly weathered 26ne of the basérock and tercvace deposits is

not - adéquate for the foundation of any dam’ type bécause of the
pooY shearing sttength and the hiqh pexmeability.
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(3) The foundation treatment work, such as curtain grouting, etc. is
required since the baserock, even the fresh rock, seéms not so
hard and 1¢ss ceménted., ; :

{4) The dam height should be limited less than 35 - 40 m by the
tepographic feature, especially by the height and width of the
ridgé of left bank abutment, :

7.3.3 Seldction of danm type

The selection of the type of dam calls for through consideration
of the charactéristics of each type, as related to the physical
feAtuces Of the proposed dam site and the adaptation to the purpdses
the dan 13 supposed to seérve, as well as econony, safety, and oOther
pertinent limitation. Armong those, the greatest factor determining the
final choice of type of dam will bé the cost of construction. In this
context, the following factors weére considered in the cholice of type of
. dam, ' ’

(1) topoétaphical conditions

(2) géology and foundation conditions
(3) ~ materlal available

{4) location 6f'téiate&,§tructuiés '

;'Baséd ot the results of £6pogtaphic survey and geological
fnvestigation, the cholce of dan type is made:
{a) TOpbgraphyé Fill type danm is propOsea due to the slightly
wide section for application of concrete dam, :
(b) Geology: Fill type dam is also proposed because of poor
shearing erength'and high perméability of the baserock.
(c) - Fill type dam will économize on the construction by using

raterials excavated from related structures such as spillway,
intake, etc.

Consequently, the till type dam is selected at the Kalola site.

'1.3.4 ‘Preliminaty design of Kalola dam

(1) pesign criteria ;

. The design criteria applied to the preliminary design of dam and
related structures are as follows: '
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(a)

{b)

"the Design Criteria for Dam

*The Design Criteria for Dan® (issued by J.H;C.b.?, }9??1

« (issued by MA.F.F, 1981)

(c) "Manual for River and Sabo Works" {issued by M.C, 1977 -

(2} Desian flood

The peak [lood dis
presentéd in AMNNEX-I.

for the followliag conditions:

charge and flood bydrograph are analyzed ag _
The. spillway and river diversion are designed

StruCtute i peak fleod discharge
Spillway 800 m3/séc
River diversion i85

1,000- ~year flood

(equivalent 200-yeax
flood plus 20%
alloaance)

' Zo-year flood

7.2.

The flood hydrograph at the Kalola dan sité is'es'shéenfiﬁ_Piq.

The probable maximum flood (PMP) is estimated based Ofh the
Probable Maximum Rainfall by ecans of statistical estimates with
refereiice to Madual for Bstimation of Probable Maximum Rainfall, 10
1973, The caleulation shows the PMP will be 1, 300 m3/see as shown in

rig. 7.3.

(3) Storage capacity

The storage will consist of the followlng:

(a)
{(b)
{c)

L gd)

o)

irrigetion_téQuireieﬁt
river maiﬁteeanee floe
donestic use of water
evaporation 14ss

s¢dimentation

The storage requirezent of the irtigation and the tiver
maintenance is €1rst calculated by @téans of water balance between the
irrigation watet requireaent, and the Bila river and the xa}ola river
dischatges as shown In Tablé 5.5,

. r‘he design storage required for the above is estimated at 30 x
105 @3 with frcigation dependability level of four out of five
years, as shown in Flg. 1.4. _
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| The othér storage is estimated on the following basiss

bomestic use of waters This 18 estimated for populatin of
' 83,900 on the basis of 0.1
m3/petson/day
(0.1 m3/person/day x 83,960 x 150
days)

Bxportation loss : This is based on pan ¢vaportion
. : measured at Sengkang after c¢onverting
it to the equivalént évaporation rate
from free water surface.
(5.1 ma x 8.1 k2 x 150 days)

Sedimentation ¢ The annual sediment vélume in the
: rese:volr is detérmined at 450

. m /km /year from the
investigation résult, inclusive of
allowanceé. - The design year for

- sediment volume in the reservoir is
taken ko be 100 year.
{450 m3/km2/Years % 122 km2 x
100 years)

The storage of the Kalola dam is determind as follows:

e nit:  10° n’
Effective storage _ ' 37
Itrigatlon and river maintenance . 30
bomestic use of water
Evaporation loss . 6
Dead StOraﬁe' - S o . )
Sédimeﬂt.volume ' _ . 6
Total storage ' ' : o : .. 43

) ;Hbrﬂai-higb water level and low water level .

Hormal hlgh water leVel ‘and low water level are determlned to be
BL.‘36 0 m and EBbL. 30.0 n respectively as shown in Flg. 5.5.

(Sj Crest elevation'

_ The crest elevation of a rain dam is determined to be the maximua
design water surfacé plus a freé board.  The dan crest elevation is
'given as the highest elevatién amoug the £ollowing calculations:

{a} Hec 2 MHa b he + hi or
Ha + 3.0 m
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{b) He 2 HA + hw + bi or
He + 2.0 m

whefe: Hn; normal hlgh water level (36 0 m)
Hd; flood water level’ (39 5 m)
hw; height of wave due to wind
he; height of wave due to earthquake
hi; addition of alléwance according to type of danm
(fill dam hi 1.0 m) ,

In the above, "hw® and "he® is obtained using the Eollowlng
formulaz

hw = 0.00086 v1.1p0.45 (gethod of $.M.B)
~he = 1/2K. v g.Ho (S. Sato's formula}
wheret V 3 wind velocity (m/s) (10 minutes average)

H
P ; fetch {m)
k 3 coefficient of selsuieity
; period of selsmic wave per sécond
‘Hop depth of resérvoir at N,W.L.
As a resut of calculation 6f the above items, the dam ciést
elevation at the impervious zone is determined to be BL, 42.5 m,

.(6) Type of main dam

In selecting the optimal type of a rain dam from the possible
types of fill daa, the Eollowing consideration and study are madé:

{a) Judging froa topography and qeoloqical condition at the dam
site, each type; zoned type, homogeneous type, can be applied.

{b) 1In ordér to utitize excavated materials from related'
structures and to économize on construction, houever, the
zone type is proposed.

(¢) In addxtion, to ensure the stabillzation of dam and-efficient
quality conteol of enbankzent, zoned rock€ill dam having
central earth core is finally selected, .

: As mentioned previously, the base rock below the E0undation witl
need the foundation treatmeat. Thé foundatlon treatment to be prbvided
is trench cutoff 8 m depth and grouting. Three rows ‘cuctain’ grouting
with depth of 25 m at maximua and five rous blanket geouting with depth
of 5 R will be prowided. :

(?}- Sgillwax -
The sp!lluay is progosed on the right abutrment of the nain dam, :
‘The type will be of non-qated side ovecflow wair spillway provided with

shuteway and stilling basis, - The spillway is designed so as to telease
the design flood Anflow of 800 m3/sec At the peak.
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The crest length of spillway relates to the helght of dam, The
optinwa size of spillway, therefore, is studied from comparison of
combined ¢osts Of the dam and spillway with different ¢rest lengths,
Gendral feature and mark quantities of studied splllvways are as shown
in Table 7.1, The result is as shown in Fig. 7.5,

_ A¢c6réin§ to'thé'teéult, the creétgléngth'of_ébillway wiil be 57
and the crest elevation will be BL, 36 m, corresponding to the normal

high water level. The flood water level will be EL. 39.5 m,

‘ . The probable maximun flood of 1,300 m3/sec will be discharged

- safety with the overflow depth 6f 2,04 n above the crest, which is
within the height of a freeboard. The reservolr water lévels for the

period of the design flood and the probable maximua Fleéod are estimated
by means of flood routing. The results ave as shown in Pig, 7.2.

{8) River diversion

A double tine Of dlversion tunnel is proposed at the left bank to
regulate the flood Inflow of a 20-year flood of 485 m3/sec,

‘,:The'diverélbﬂ tundel consists of 115 m and 90 m long circular
tunnels with 6 m fn diameter, ~After completion of dam ¢onstruction,
one of thém will bé used for the frrigation outlet, '

(9) - Intake

_ :‘Iﬁfake tower s provided at the eatrance of the diversion tunnel,
capable of iéleasing the irrigation water of 12.1 md/sec, The intake
tower will bé provided with two sets of sluice gates. fThe general
features of the Kalola dam are as shown below:

¢a) Kalola dam and réservoir

(i)_ Generalr

- Catchﬁent‘atea' ' ' 122 km?2

Réservoi: sur face area ét F.W.L, 12 km?

—réiorage'éapécity

Total storage capacity 43 x 106 3
EfEéCtiye'siofage capacity 37 x 106 g3 _'
Dead water volume : . 6 X 106 53

HWater level

Plood watsr level :  BL, 3%.5 @
Notmal high watet level Bt 36.0n

Low water level - BL. 30.0 m
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{1i) Damn

- Type

Crest elevation

pam hefght

1

Crest length
(iii) spillway

- Type

Design discharge

Crest elevagion

I

Crést length
'(iv) Diversion tunnél
- Type
- Design diversion discharge
- Dianaeteér -
(v} Intake
- Désign discharge

- Intake gate

7.4 TIrcigation Canal Systea

7.4.1 Desiga criteria

{1} Punction and requiresent of canal

Rockfill dam having
central impervious eacth
core

EL, 42.5 @

30,5 n

230 n

Non-gated side channel
overflow weit

. 800 nm3/sec -

El. 35.0 B

5.0 m

pressured tunnel
485 m3/sece

6.0 R

12,01 m3/sec

Sluice gate (1.8 m wide
x 1,8 m high x 2 Nos.)

Itrigation canal systena of the Project consists oE maln canals,
secondary canals and tertlacy system, The canal system design is
“¢arried out to meet the following function and :equitements-

(a) Hain canal

‘ in the project area, two main canals ate provided: Loft Maln
- Canal and Right Main Canal. The main function of the main canal
- is to deliver irrlgation wate?d from two water sources, the sila
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and Kalola rivers, to the Project area in the shortest or fn the
écononical way, The canals are basically unlined and trapezoidal,

{b) Secondary canal

 This is a canal branching off from the main canal and/or
 pacent secondary cahal té distribute water up to the secondary
block., The size of secondary block varies from 300 to 4,000 ha
which is divided into approximately 5 to 30 tertiary units. The
canal is unlined and trapezoidal.

(c) Tértlary system

The tertfary unit includes one tertiary canal and 10 - 15
quaternacy canals, - The maximun sizé of tertiary unit is about 150

ha. wWhereas, a quaternafy canal covers 10 - 15 ha.

. Some tertiary units of which size exceeds 150 ha due to
topography and/or administrative matters would be divideéd into

subtertiary units. :

2y bésién'diSChapgg

- 7The unit a@ésign discharge for the main and secondary canals is
1.65.0,/sec/ha as calculated in Section 2.1, which is the water
requirement with Lriigation depéadability level of four out of five
. years in the dry season cropping. SR

 The degign-aiScharge‘for_thé'tettiaryfcanal”is‘ca1bﬁlatéd by using
the following formula: :

0 = 5.32 x a x A2/3

where: 0Qj Deéigﬁ”dischatge'LEISec} o _
‘aj unit f¢rigation water requirement, 1,65 £ /sec/ha
Aj; Commandling area (ha)

(3) Veloelty .

 The maximun permissible velocity in unlined canals is determined
sO as not to glve the erosion, The minimun permissible velocity is
determined 8o as not to induce the growth 6f aquatié plant and moss,
Conslidering the characteristics of soil materials and the conditions of
aquatic végetation, the maximum and ninimum permissible velocities are
determined as follows:’ . :

o e {Unit: m/séc)
®ind of - - Minimue « Maximum
“¢anal lining : :

Barth canal 0.3
‘Lined canal 0.3
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(4) Roughness coefficient

" Fhe roughness coefficient of canals for determination of thelr
hydraulic propertles are as follows:

N value for
manning formula

Barth canal

Q < 10.0 md/sec - 0.020
5.0 m3/sec < @ < 10.0 n¥/sec 0.021
0 ¢ 5.0 m3/sec . 0.0222
Sub-secondary canal 9.0235
~ {Saluran Muka) ’ R
Tertiary canal : _ 0.025
Lined canal | « 0.0166
Concrete pipe 0.013

Concrete flume : B 0.015

5} Frédboard

The freeboard height is normally subject to canal size and -~
location, velocity, watet surface fluctuations caused by check gates
" ind wind action and availability of paterials for eabankment. The

minimue freeboard for the réspective canal discharge is deternined as -
follows:

pischarge | ?reébéaid =
(w3/sec) . (m)

0< 0.3 0.30

0.3< 05 0.5 . .40
0.5< Q< 1.0 o 0.50
1.0:_<"Q'§ 7.5 . 0.60
7,55 0515.0 0.8
15.0 < © £25.0 0.90

(6) “Caral base wid;:h/water dem (-B/h'} ratio

' :':The following fatics of B/h ate adopted for the respective canal
design discharges: = . i :
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bischarge " ®/h ratio |

{(md/s¢e) |

ege3 Lo
03<ng.-' S 1.5
Lo.s5< 9g 1.5 2.0
1.5< 05 3.0 2
3.0<0%g4.5 . 3.0
4.5< 05 6.0 - 3.5
6,0< 0< 7.5 o 4.0
1.5<°0g 9.0 A
9.0°< ¢ <11.0 5.0
11.0 < ¢ £15.0 6.0

35.0< 0<25.6 8.0

(7) side sope

-The side slopes of canal sections are determined taking into
consideration the tesults of sofl mechanical investigation as follows:

, Discharée - _ _ Unlinéa ¢canal lined canal

(m3/sec) _
S Qeg 0 L0 | 0.5
3.0< 91560 1.5 : 1.0

150<Q . 2.0 ' 1.5

7.4.2 Proposed main and secondary irrigation éanals

_ iihé proposed itiiqétion'caﬂal systea is detéxﬁinéd'based_ﬁp the
results of the review of the existing canal desiga prepared by the DOI
as méhtioned-in'the succeeding section.

Irrigation canai system n the Ptoject area consists of main
canals, connecting canal, secondary, subsecondary canals, tertiary
canals and quaternary canals. The proposed layout of the irrigation
systea is shown in Fig. 6.1, The designs of c¢anals and structures are
shown ln the attached DRAd!NGS.

{a) Haln'canals

In thé Project avea, two maln canals; Left Main Canal and
Right Main Canal, are vequired to deliver water from the Bila
fntake to the Project area.
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. The Left Main Canal will be constructed to setvc an area . of
6,500 ha located in the left -bank of the Bila’ tiver. This canil
will run apprOximately gouthwards from the intake aléng the ik its
of the eastern hill slopes, further, after erossing. the kalola
river the canal will run southwords. The total leagth will- be
30.% km. The alignment Of the canal route is made based on the
requiréd water leével of 30.0 m in elevatfon., This canal is
designéd for thé dlscharge of 10. 23 m3/sec at its head,

“The Right Ha;n canal will be constructed to serve an aréa ot
1,200 ha located in the sandwitched small strip between the Bila
and the Boya rivers. This canal will run’ for about 10,5 km from_
the intake along the skirts Of the westeérn hills. The design

di5chargé at its head is about 1,98 m3/sec.

All the main canal are deslgned principally as unlined eacrth
canal with trapezoidal cross section of side slope of 111.5 to 1.0.

(b} Conneéting canal

: From ‘the Kalola reservolr, a connectinq canal will be
constructed to deliver reservoir water to the Léft Maln Canal
approximately. The canal will join the left main canal after the
main canal posses.  This canal will run towards the South, then ‘
stretch to the west along the Kalola riveréourse, ‘The total
- length will be about 5.1 km. This canal is destgned as unlised

earth canal with trapezoidal Cross séction. The desfign discharqe
-at its head {5 about 11, 72 ’3/sec.

{c) - Secénda[g_aﬁd sub~second§£y canals

These canals will branch off E:om the above mentioned main
canal or secondaty canal itsélf to distribute water to the.
secondary itrigation units of which size will vary from 1, 400 ha
S 1O 80 ha depending on topography. About 10 secbndary canals and
~ 18 sub-sécondary canals with the tota) length of 98,3 km will be
constructed in the Project area., These canals are designed
principally as unlined earth canal with trapezoidal €C0oss sectian
of side slopé of 111 5 to 1 0.

'The typical cross sections of those canals aGOpted in this design
__are shown in Fig. 7.6. . ' :

© The number and’ the total length ‘of thé main, connecting,

'secondary, sub-secondaty canals and the number of thelr related
structutes are ‘as shown below:
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| | | _Left bank avea  Right bank |
. Description . i Maln Connectlng _area = Total
Baln and connecting ¢anals : S :

~ Canal length . {km) ©30.5 5.1 . 19.5 46.1
- Related structure § '
Turnout w/check Q{nos 3y 28 3 ' 131 - 42
colvert : inos.) 2 - - 2
spillway (nos,) .3 - 2 5
Brop - S T nessy 1 3 2 6
' Cross drain {ﬂds‘) 45 - 5 50
. . Syphon 2B - - o
_;Peasurlng devlce (nos. Yy 1 1 1 3
‘Secondary and Sub—secondaty
'canals '
~ Canal length  {km) 93,2 o 5.1 98.3
- Rélated structure S : .
' Turnout w/check = {nds.) 67 1 68
Culveret {ros.) - 6 - 6
 Spitlway - (nos.) 9 1 19
- Cross drain (nos.), . 29 B 29
Drop . {nos,) 6 2 8
- 3

Syphon - fmésy) 3

1.';3 Lechnical rQVIew of canal design pxepared by DOI

(- rrigation area  'f 

_ The boundary of the irrigation atea in the low-lying area around

' Lake Buaya is established at the ground level tea {10) n, differing
froa the existing design beinq det at the ground level geven (1) n.
This varles the- irrigatlon area commanded at the respective c¢anal
 sectlons.- In addition, the soil survey was conducted ovér thé Project
area and it revealed the land capability for paddy cropping.' Based on
those findings the command areas at thé canal sections are re-estimated
as shown in Pig. 7.7.

(2 ) Canal layout

?he lonqltudinal profile drawings for’ thé main and secondary _
.canals have . been ptepared based on the: toute survey results. Most of -
those alignrménts ave used for the propoésed canal systém. 7The
imprévenents on the above canal Systém are made to méel the requirement
of the propésed canal systemy (1) the irriqation atea directly
cormanded by thée Bila Intake should bé 1imited to 2.600 ha according to
the resuit of water balance, (2) the canals contémplated {n the
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_1ow-1ylng area lower than the geound level 10 m are neglected and (3)
in order to sérve the southern stopes from the Kaldla dam, which are .
located inlands from the POI ¢anal rouvte, the additional canal along

the f60t Of such’ slopes is required.

{(3) Canal capacittes

Based on the unit irrigation water requireaent 1. Gsiﬂfsec/ha and
“the re-estimated commanding areas at each ¢anal’ seétion, the caﬂal
capacities of the original design were exanined whetheir o meat the
varied conditions. The comparison of the canal capacity’ bétween the
original and revised onés ig as shown in Fig. 7.8, showing tﬁqethet
with the original estimate. Hydraulic properties; such as canal
dimentions, velocity, gradient, éte, were compared between the reviéed
and original onés as shown in Table 7.2, Accordlng te the above table,
the upstreéam réaches of the left maln canal, about 10 km i leagth,
have an alléwance in the flow capacity. Whéreas, the remaiﬂin@s fall
in the lack of the capacity., Theréfore, the céanal sections shéuld be
modified to swit the varied condltions. :

" 7.5. Drainage Canal Systea

7.5.1  Punction and féqui:eneﬁt”df afaiuagé“cénal

 'This drainage canal systenm consists of ‘major, tértlaty and’

‘quaternary dratns. The tertiary and quatetnary ‘drainade canals 'are
déseribed in Section 7.7. Hereln mentioned is the design of wBajor
_drainage canals. The function of the major: dfain fs that major drains
transport water from tertiary ‘deains and Fiood water from surrounding
mountainous areas toé the disposal polnts.. The layout Of the' irrigation.
system and tOpography ate the maln factors in determlning the location
of all the drainage canals, The location ‘of mafor dialn 15 dozinated
by natural streams and riveis éxisted fn tha ptoject area, These
natural streams and rivers are used as much as possible as the majot
"drains. : . :

7.5. 2 quout;g;anntHg of drainagé canal

s Thé layout pianﬁinq of drainage canals is catriéd 6ut through the
'ﬂfollowing procedurél :

'(11' Bstablishment of basic concept

_ ; Pitst of all, the followinq basic concepts for planhinq the
drainage systen aré examlned*

?( ) Hhere shouid the major dtainagé'cénél'to”disboséi.bblnté bé 
.located? o o -

J_(b} wa will ‘the’ exéess watér fa th& atea be eolleeted aﬂd
tranSPOrted to thé disposal points?
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(2) ‘Pleld survey oh'dréiﬁaqe biéﬁnigg

The following items relating to dralnage planning were
investlgatéd over the Ptoject areat

(a)

(b
(e)

()

{e)

(£}

'(9)

1Pield damage due to lll~drainag€ 18 sutveyed for" ‘fts extent
.and magnitude. '

Ptesént drainage mechan!sm is observed in the project area
and fh its vlcinal areas. o

Reoonﬁaissances along thé Kalola and othet tivers arée made to
examine the highest flood water level in the past and their

'ptesent flow capacities.

Analysls is made for examin&tiéu of the intensity and
duration of rainfall in the atea and for thé estimaté of
dzainage requirenents..

Present land use in the area is suzveyed for analysis on
drainage requirements.

Soil characteristics in the area ls surveyed

. The Eield surveys on the present farminq practices, soclo and
?agroeconomic condlitions are caeried out in the project area

and ih lts vlclnal ateas.

(3) Drainaqge canal layout

‘The drainagé canai layout is worked out’ primarnly based o the
topogtaphlc maps and layout of canal Systeﬁ preparéd by DOI,
- supplenented by the topographic maps of 1: 25,000,  In determination of

the drainage canal layout, the following matters are takeén into
conslderations

('_al

oy

()

Drainage watér requirezents, drainagé method, requlred canal
elevations at key points and general layout of dralnage
system are first confirmea :

Drainage canal routes’ are lald out along the 10w land and as
straight as possible.-

The' alignment is worked Out S0 as not to pass through vxllage

7 areas and not tH give damages o public faeilitles.
{d)
' "canal water level below gtouna surface as much as possible.

(e}

Raised portions oE dratns ‘are minimized in ordet to keep -

The canal alignment ‘thus obtained is oonfirned weather the
alignment will satisfy the operational and social

‘requi:ements or not.,
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7.5.3 Design of drainage canal system

(1} Dpesign discharge

The desiqgn discharge'of the dralnage canal at respec;ive‘qross
sections consists of:

(a) drainage teguirement for cemoval Of excess'rainfail in the
paddy flelds, Op. .

" {b) drainage requirenment for passing the high Elow coming from
' the outside project area, Qo.

The design dlscharge, 04, is determined by’ the following basis
including the allowance of capacities:

od = 1.15 x (Qp + Qu)

 The drainage disgranm shoaing the drainage area and the désign
discharge is as shown 1n Pig. 7.9,

(2} Canal_sectxon

The drainage canal sections are designed for the folléwing
criteria:

mype of canal . .t Trapezoidal earth eanal.
Petmissible velocity o
" Maximum velocity t 0.6 mf/sec

Minimuss velocity : 0.3 m/fséc

Roughnéss coefficient €or
the use of manning's

3£Ormula ' o.ﬁ3

Side slope of canal

1:1.0

- {3) Related structures

~ The structures related to the drainage system'aie_btldges, drops
and drainagé junctiodns, ' ' T .

. .Thé bridge is'p:ovided at thé road eréssing, 'Tﬁe paxinun span
length is 8 nm aﬁd concrete T-bean type Is applied. ' '

The dtOps are of cascade type with trapezoldal SEcticn. The
”gabion mattresses are used for the drainage deops.

The dralnage junctions are p:ovided at the connecting points of
major draiﬂs to protect drakns from bed erosion.
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7.5.4 Proposed drainage canal systen

The ‘drainage canal aystem 18 networked so as to evacuate the
‘excess water in the flelds and to transport thée stream Flows occurred
in the ‘outside project area to the Bila river, the Kalola river and
Laké Buaya, The drafnagde system will consist of rajor drains, tertlary
'drains and quaternary ‘deains,  The major dratns are deslgned to collact
© water Erém tertiary drains and ‘quatérnary drains which aré constructed
“within the tértiary blocks, and to transport 0011ected water inclusive
of strean flows to the above elvers and lake, ' The routes of major
dralns are Qenerally sélected in the natural stream lines and 16w
depressiéns, © For the project, ‘about 49 major drains with total length
~0f 86,5 km will be excavated. The drainage layout of the Project is

shown' 1 the attached DRAWINGS, The typléal cross sectlons of drainage
canal adopted in this design are shown in Fig. 7.6.

Thé total tequited canal length and the Aunber of the related
structures aré as shown belowt

| | _ . Left bank  Right bank
' | PDescription area area

. Major drains

{1) cCanal length {km) 80.6 5.9
(2} Related structure _
- (a) Drop (nos.) 21 8
(b)  Junction  (nos.) 16 ]

(¢} Bridqe {nos.) -5

7.6 Farm Réad Networks

For the proper oonstruction, opecation and waintenance of the
Project facilitles, well arranged road network is of vital importance.
The projéct area is presently put under the pPoOT road conditions during
. the wet season. Por the construction purposed the selected village
roids transversing the area are improved, which will be transferred to
the village link roads after the Project implemeatation. Main,
secondary 'and tertiary i:rigatiOn canals are piovided with canal
inspectlon roads.  Those réads are alsd usad ‘for farm roads.

(1) Const:uctién road

The construction roads of 28 ka long in total area constructed and
well nétworked with the national toad - the road is design as to have a
"~ width of 6,0 m with asphalt paverent. Catch drains are provided on
both sides along the road to carry watér of rainfall on the road
surface and the surrounding into drainage canals, Catch basins are
3160 donstructed under the road at approximately- 500 m ihte:vals to
pass dralnage water in the catch drain,
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{2) Main inspection road

" The rain inspectin roads ave required for inspection, operation
and maintenance of the nmain canals, -

_ cOnsldering the future increas of vehiciés For the 1n5p¢ction and
operation and heavy construction equipnent to be ‘vequlred for 'the canal
mainténance and vepair; the mafn inspéction road is designed 50 a8 tq
have a width of 6,0 m and to be asphalt—surfaced The road is atso
used for the movement. of agricultyral products and équiﬁment and for
the day-to-day services between villages ‘and from them to the trunk

road.

(3) Secondafg inspection road
The seécondary iﬁspectiOn'tdad“isrﬁafnl?'@rékldéd‘alénqéide'thé'
secondaty canals. Al)l these roads have a width of 6 m and are paved

with asphalt. These roads link the paddy Eields t6 the main road and
are used for the porpose of farm operation,

(4) Tettig_z,inspection road

For the same purpose as that of theé secﬁndaty ‘tarm roads, the
tertiary farm roads are constructed along one side of all the tertiary
canals. These roads havé a width of 3 meters and is of ¢arth without
any metaliing,

‘The following table shows the respective road leagths

S {Un!t: km)

Roads . ' Leﬁgth
Construction road . - 28,0
Main inspection road ’ 46,1
" Secondary inspection road 98,3

Tertiacy inspéction road ' - 294,0

7.7 Teftiary Developaent
7.7.1 General

“ettiary development program atms at- efficlent watet management by
establishing well organized tertiary systém and. through refined
rotationat irtigation program, For this 3ubject, the Directorate Of
 Irefigation has prepared the report titled as "Guideline Manual Ffor
Planning of Tertliary Network", The’ design and operational pr09ramming-
for t:e tertiazy systea of the Project aré baaed on thls guldeline '
manhua



o The tertlary development prOQarm is prepared for every tertlary
bléck.  This tertiary block is furthér divided into several subordinate
blocks 1ike sub-tertiaty blocks and quaternaty blocks, The définition
and the recommeénded size Of each frrigation block are briefed as
followss

(1) Téiltéfg:biaék -

~ 7The tertiary block ‘18 oOvered by one tertiary canal, The
distribution of irtigatloﬁ water 1n the tertliary block is managed by
farmers themselves. 18 some cases,’ however, ft is difffcult for
- farmers t6 manage the ‘disteibution of water té vast land and large
nunbér &f farmers equally. Considering the: appropriate organization of
water usérs' group in future, the maxiaun size of tertiaty block is
propésed to bé 150 ha,

(3) Sub~téttla(y block

o The tettiary block s somedhere dlvided into sevefal suthettiaty
blocks depending on the topographic and/or administrative boundaries of
'vlllages to simplify the irrigatin systém and the organization of water
users'’ association.'

(3) Quaternary block |

In Order to distribute irrigation watér equally and efficiéntly to
all parts of the flelds through nore 1ntensive water control, it is
advisable to sub-divide the tertiary block inté several sub~tertiary
blocks and the guaternary blocks. The guaternary block is seérved by
respective quaternary canals. The recommended size of ohe quaternarcy
block is 10 615 ha. The rotatiOnal'ittiéation is practiced on the
quatetnary basis.

The typical alyéut of tértiary system is shown in Pig. 7.10. The

layouts of tertiaty systems of the :epresntative are shown in Pig. 1. 11
and Pig. 1.12, .

7.7.2 TEttia{i‘ifrigétloh.éfstém
(1) Cana} sgst'm

N "he tertiary system ¢onslsts of tertiary canal sub~tert1ary
canals’ and quatérnary canals which réspectively cover the tertiary
block, sub-tertlary blocks and quaternary blocks as mentioned above.

“The folldming respective function and design principle atre taken into
. considertion, ‘

{a) 'Téitié;y canal

The tertiary canal dellvers irrigatibﬁ water from secandary
irrigation canal ot sometimes directly from maln canal to the
subtertiary canals and/or quaternary canals, The irrlgation water

" should not be glven directly to fiedlds from the tertiary canal.
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Lth steep
. Por the alignment of these canals In the aceéa w
. topography; the canal should bé perpendlcular to thé contour line

" {perpendicular type}.

{b) Sub-tertiggx canal'

The sub»tertiary canal leads itrlgation water from the
tertiary canal to the quatérnaty canals, 1In this case also,r
frrigation water should not be glven directly to fields feom this
‘¢anal., In princlple, the alfgnuent of this canal {s made in the

same manner as that of the tertlary canal.
(¢} Quatérnary canal

. The quaternary canal is terminal system, Irrigation water to
be carried by this canal is distributed to flelds divectly, The
end of quatérnary canal is connécted to nearby drainage canal so
as to drain Off éxcess water in the canal, . Bspécially in' stéep

~ Slopes, thé canal should be aligned in parallel to the contour
 1ineé {contour type).. The averade interval of quaternary canal is
linited to 200 m at maximun, All the quaternary canals except the
canal to be constructéd in the highest position in the respective
area are so desigied as to have dval funcétion; irrigat{on and
drainage functions, where posslble. AP

{2j. Rélated structuré

In order to attain its prisary ob3ective, the canal system thus
atigned requlres the follouing structures:

(a} Tertiary division'bOX

Hany division boxes are eonstructed on tha tertiary cahals
and all of thew are equippéd with stoplogs té requlate irrigation
water in accordance with the rotational irtigation program,

{b) g;aternggy division box

. All the division boxes to be consttucted,dn the Quaiernaty
canal aré equipped with stoplogs, ST

(c) Heasuting device

| The measuring device as clpoietti,welrfisJIﬁsthlle& at the
head of tertiaty block, ' - SR '

‘(ﬂ) Drdg'stIUGturé

B A drop structure is proviﬁed whre the grOund surface slope is

Steeper than' the réquired canal gradient, 1n principle, the drop
. structude is not provided on the canal system as an independent
“structure bat as conbihed structure with division box.
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(e} qu:f.ggs
A culvert 1s- constructed at the crosslng of canal with road,

Thls structure 18 of combined type with the dlvlsion box as far as
posslble.

(f) Créssdtain '

A cféssdain 'ts provlded where the frelgation canal has to
cross over the drainage canal. :

7.7.3 Teértlary drainage system

{H Drainage canal system

In the tertiary block, the quaternary drains and tertiary drains
- are tequired to evacvate excess water from the block., In the layout

planning of thége dtainage éanals, the foilowing respective €unction
and deslgn princlple aré takea inbO_considerétion-”

{a) Quaternary drain

Quaternary drains are provided to colléct excess water in the
: quaternaty ‘block and drain off the water t6 Ehe tertiary drain.
. Genérally, the. quatérnaty canal. has dval functions, thea, the
quaternary drain is not provlded independéntly.

{b) Tettiary drain

“ertiaty deains are provided to 1éad the excess watér to be
collected by the quaternary drains in the tettiary block to the
major 6tain or_directly to the river.

{2) Related structure.

In order to facilltate the proper function to the drainage systea
mentxoned above, the following structurés are required on the canals:

:(a) brainage. drprStructure

_ This sttucture fs placed where the natural ground slope is
steepér than the designed gradient of draln bed.

| fbf pralnage culvett

A drainage “culvert is provided where the drainage canal will

cross under the yoad. FPor crossing, the precast conciete pipe is
installed '

The total length of tertiary and quate[nary ircigation

"éahals, tettiaty dtalns, and tettiary inspection roads are as
shown beloa:
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7.8 Porther Investigation

project facilities méntioned above ace desi%eéeq&he ”?‘,’?% gf .
results of the prelininary investigations conducted b¥. _?fsgﬁvexroié A
and D,0.1's deslgn. In order to perform detafled des_gnio ‘lfetg ec
facilities and realize the project by means OF construstion Of the
cacilities, further investigations oh tQPQQraPhY!'999}°9¥f:aqa 5011
nechanics at the proposed sites of major facilitles and detalled survey
on construction matérials should be carried dut, ;Ip_add;pipp to the
" furthet investigtions, thé aerfal photo maps ﬁﬁich_would:be great vse
for the detailed desiga and construction of the facilities In the
tertiary systems should be prepared.

SpecifiCAtiohs and work guantities of the furthet_inﬁestigapidns_
and aeria) photo mapping are shown as follows, o

(l}' Popdgraphic sutvey

.Faciiitiés - Qu'antity- : : : Description =

1, Bila Intake 50 ha préparation of contovred
: maps, scale in 1/500 with
0.25% n contour interval
2. Kalola Dan 70 ha preparation &f ¢ontoured
' raps, scale in 1/500 with
0.25 m contour fnterval

3. Iriidation canal

Main Canal 4.0 xa ° check sucvey lnclud.
' , " centering and levelling on
‘the. route IR
Connécting Canal 5.1 ka Centering and ieéélllnq S

‘the route, and cross
‘levelling every 50 m along
the route with 100 m width

Secondary Canal ~ 98.3 km - check survey fnclud,
: centeting and levelling én
the route ' .
Tertiary System 9,800 ha "centetinq”aﬁd-lékellinq on

the toute of tertlary
canals and drains, ctoss
Yevelling évery 100 m with
50 m width '

4. Major Dralnage Canal  86.5 ka céntetlnq and lavelling on
Lo _ . the toute, cross leveling
every 100 m with 100 i width

5. Construction Road 28 kn centering and levellng on

the route, cross leveling
each 100 m wlth'SO rn width
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(é) GéOIOgical invest{qation

(a) Blla intake slte; - ‘arilling 1nvestigatlon at the fatake
welr ‘and ¢losure dam sites, S holes of
each 20 m deep (depth of 100 m in total)

(b} Kalola dan site; - drilling inygsgigatlon-on the axis of
T . maln dam, . 4 holes of each 25 n deep,
(depth of 100 m In total)

-Apit investigation of the axis of main
danm, 9 test pits of cach 3 m deep {depth
of 27 n In total)

(3) soil mechénical‘investigétion

{a) Sounding test of foundation at the canal structure sites
- mailn canal and connectling canal route; 40 sites
- secondary canal route . 5 80 sites

(b) Test pit observation on the main canal
and connecting ¢anal route with soil 7
- sampling and laboratéry tests $ 20 sites

(4) consttuctlon material SUIVey
The zéquireas vélumes “and proposed guarcy sites of the

construction materials for the Kalola dam are shown in the following
table,

Materiale Characteristics Soil . Réquired Proposed

t 4 Classification Voluie Quariy Site
(cn/s) (%) | (n3)
Core 1-8— 1-6 20 o ' 42,000 - riqht bank on the

lowér reaches of
the Kalola river

Filter - 33 G 120,000 - river basé deposit
. ' of the Kalola river
Randam Rock - 55 | - : - 67,000 - excavated
Rock - - 35 - 134,000 materials at the
. ' dam site

- near the dam site

b Coofficient of permeability -
01 Angle of internal frictlon
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In order to confirm the results of prelimlnary ‘Investigations on
the abové construction materfals, drilling investigatiois, qGOphyaical
exploration and pit observations should be carried out at the pr0posed
sPecificatIOns and work guantitics of

quarry sites and borrow aréa.
geological investigatlons are roughly described as below,

{a} Rock and randam rock raterlals;

- 5 ¢ross section svrvey, '
drilling {nvestigation, 5 holes of each 20 m deep (depth of

100 a in total)
- geophysical exploration (seisa:c survey}

tb) Coré and filter materials _ :
- pit observation, 10 pits of each 5 m deep (depth of 50 m in

total)

(5) Aérial photo mapping

Preparation of aerial photo maps on the area of 20 000 ha, scéale
in 1 to 5,000 with 0.5 m contour interval,
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Tabi§'2}4 . Summary of Poteéntial Evapotranspiration

§eﬁgk§ng :

— — : (Unit: : mo/day)
Yearr_Jan._'Eeb. HMar, Apr. May - Jun. Jul. Aug. Sep. Oct. de.. Dec.

L L - - 4l7 55 5.1 5.4 4.9
1976 5.6 6.4 (5.8 5.3 4.8 37 4.3 61 6.6 6.4 5.7 5.6
1977 5,20 5.5 5.9 5.3 4.9 W7 4.9 5.8 6.5 7.2 5.7 4.2
3ié§éé'4;37'.4;6:’:4.4 ;'4;2 4.3 3.7 4.0 4.5 4.5 5.7 4.9 4.1
1979 412 4.1 42 40 4.4 33 43 6.1 58 6.3 52 4.0
1980 39 4.1 46 3.8 4.0 3.8 44 53 51 53 46 3.9

1981 5.2 4.4 ‘4.8 44 3.9 41 - - - - - -

_:;z?f 4.7 4.9 5.0 4.5 4.4 37 4.4 54 57 6.0 53 4.5

Kanyuara

Year dJan. Feb, Har. Apr. May = Jun. Jul. Auvg. Sep.’ Oct. ‘Nov. Dec.

1975°4.3 4.0 5.3 5.2 4.9 4.5 35 3.7 4.3 6.2 6.0 5.1
1976°4:3 4.9 748 5.4 5.1 44 5.5 4.8 4.8 S.4 5.1 4.0
1977 3.7 3.9 811 5.0 5.0 4.5 4.4 4.7 5.3 5.0 5.8 6.0
1978 4.4 3.9 4.0 31 4.6 5.0 4.8 4.9 5.4 6.6 5.3 4.4
1979 5.5 5.4 4.9 5.7 5.2 3.5 3.9 4.8 4.7 598 56 5.4
1980° 6.0 5.9 6.9 5.0 5.2 4.7 4.5 4.4 6.8 6.0 58 4.2
1981 5.0 4.4 6.0 5.9 54 S1 = - - = - -

Aver-

age 407 4.6 5.3 5.0 S0 4.5 44 46 52 59 5.6 4.9

Average on two stations (1973 - 1981)

4.7 48 S22 48 4.8 40 44 5.0 5.5 6.0 5.4 4.7
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Table 2.6 Effective'Rainfall.

{Fanru Tedong)

_7 | | | (Unit: mo/10days)
Month 1973 1974 1975 1976 1977 1978 1979 1930 193%
Jan. ¥ 5 ? 0 o 32 6 10 16 0

B - 46 -0 0 3 1 40 12 63 o
L 28 23 1 27 28 4 0 o 0
Feb. P 23 0 52 2 14 7 22 1 2
M 56 21 2 0 12 0 21 5 0
L 0 16 0 16 3 40 1 61 3
Mar, F - - - - - - - - -
R . | - — - - - - . - - -

‘L 11 40 5 0 1 22 70 63 77
Ppr. P 94 105 37 11 78 11 63 17 29
o 72 56 &5 69 57 0 0 36 14

L 14 0o 17 70 35 9% 82 39 22

May P 15 54 89 52 65 63 62 sS4 68
M 41 61 77 14 23 54 1 17 63
L 76 5. 63 37 69 a1 32 92 9

Jun.' P a5 0 95 9% 13 82 65 36 80
M 66 .64 45 60 54 66 =13 66 83

L 12 61 11 13 . 63 15 67 14

Jul. @ 67 17 6. 10 o 19 1 3
' M 2 57 . 56 21 i} 60 65 o 71

L 11 40 g7 6 ) 3 6 3 57

Aug, F 112 2 L 22 o 40 41 0 47 -
N 64 0 56 0 42 413 o 6 -
A [‘ -— - - — - — — — -
Sep. P - - - - - - - - -

S - - - - - - - - -

Oct. P ) 16 . 18 63 13 13 o 0 -

B ] 15, g1 - 42 o0 -0 0o 0o . 0 -
R 97 43 40 o 22. o 14 -
tov. F 33 a4 16 28 6 40 a1 a3 -
M o 1 6 58 16 40 26 29 -

L 12 0 6 48 101 0 o 64 -

bec, P 2 7 8 6 13 10 3 0 -

M 40 1 6 0 14 9 ' 0 -

a 21 27 6 21 23 5 0 50 -
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