2, JIRRIGATION AND DRAINAGE PRLAKS

2.1 Irrigation Waler Requirements

2 1.1 Genelal

In plannnng of 1111gat10n p;o;ect, a ful] knovlcdge of i:rigatlon
watex requlrcments af crops from time of seeding until harvest is nceded.
It is also’ necessar; to kuow the total amount of water lequ1red in each

seasan to produce optlmum yields for ihe climate and scils 1nVolved.

Peak water requlrement by erop must be known in onder to detexm;ne
the CapaCIt} of irrigation S)stem. 1t is also 1mp0rtant to check vhether
the peak use perlods for different crops in the stud) area occur atl the
same. time or at dlfferent months. This can be a verg 1mp0rlant cons:dcl—
at1on where water resources are 11m1ted compared with’ lhe magnntude of

11r1gable area;

Since field measuremenl relating tb.estiﬁatioh:of'yalérfféQuiféménts
is not carried oul fully in Lheé study period because of shortage of {ime,
the study is mainly dependlna ‘on the field measurement resulis for:
"Komering-1 Irrlgatlon Developrent Pro;eet" by JICA in 1931 "Way
Sekampung Irrigation Project" by the Lampung Provinecial Public fdrks in
1978 and "Way Seputih Irrigatien Project" by I.P.B, in 1973. The empiri-
cal and theoretical formulas developed in the past by various gkberts

are also used in this study,

2.1, 2 Consumpt1ve Use of Hater {cu)

The consumpt;ve us¢ of water is the sum of ihe volume of vater used
by vegelative growth in'a given area, i.e. the transplratnon for bulldlng
of plani tlssue, and that evap01ated from adJacenL soil or 1ntercepted
preclpltatlon on the area in any speclfled time, In lhe ¢ase of rice _
cu_ltwatmn where a water level is mintai_ned.ébove the'g‘rouhd surface,
evapdratibn from the Hater'Surféce‘will be éubs{itutéd'for“evaporation
.frbﬁ soil surface; Then, the consumptive use of vater can be calculaied
| by the follov1ng formula.
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CU = ke & ETP

where, ,CU: consumptive use of water
ETp:- potential évapotraﬁspiration

ket crop c¢oefficient

{1) Poténtial_evapbtranspiration (ETp)

Potential EVdetranspiratiOn is defined as the rate of evapotranspi-
ration from an extensive water surface covered by green grass of uniform

height, COmpleiély shading lhe ground,

In the‘Study area, the evaporaiidn data are available at Belitang
{1971~ 1980), Palembang {1976-1980} and Menggala (1972-1980}, bui these
data are not used in this studv, because. there found some disturbances
in ihese data, i,e. extrevely hlgh and low values and many blanks in the
:danly data, Instead, the potentlal evapotranspiration caleculated using
the Modified Penman Formﬁld is used in the study. In the seiectlon of
formula among lhe \arlous empxrncal and theoretxcal formulas, the laii-
tudinal and altiludinal location of the study area and avallabllxty of

'meteorologlcal data are fully taken inlo consideration,

The folloving is a calcu)ated result of ETp using the meteorologncal
data at Belltang.
(Unit: om)
~Jan Peb Mar Apr May Jun Jul  Aug Sep Oct Vov Dec Tolal
124 115 136 132 130 117 127 140 135 143 132 127 1,558

Lot . - ’,",,_".r‘:"‘
(2) Crop coefficienis {ke)

Crop coefflcients are emplo;ed 1o relate the potenllal evapotransu
piiatlon 10 the consumptlve use of ualer. Values of crop coefflclenls

vary wilh the crop eharacler;stncs, tlme of planilng andfor sowlng and

clirati¢ conditions,

_:The ¢crop coefficient of paddy is referred Lo the kc-curve mentioned
in‘lhe:PAO servies No.24 "!iriéalion and Drainage Paper" published in
1677. This curve is also shovn in Fig. VI-}., As for the ke-curves for
raize, sogbeans and peanuls, the curves shown in "The Technical Release
No.21*" published Ly USDA dn 1967 are used in the calculation, These

‘ curves are shovn in Pig. VI-2 through Vi-d4,
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2.1.3 Unit Irrigation Vater Requirements

Aflef knowing the consumptivé use of waterj the uﬁiﬂjirriggtién

vater requnrewents for each cxop are caléulated wsing the daily vater

balance method. For this melhod, the following equatlons

Equation Tor Paddy:

aré cuployed:

I¥D = (CU + PL + ¥ + P¥ — ER}/Ei

. Equatibn for Upland Crop:

I¥s = (CU + PA - ER)/Ei

vheré, . I¥D, I¥S:
Ccu:

-,
*"

B

Q) Percolatlon loss (PL)

unit irrigétion vater réquiféﬁents
consunptlve use’ of vater
percolatlon loss - (for paddy fleld onlv)

nurser) water requlrement

{for paddy field only}

_puddltng waler requirement
{for paddy field onmly) -

. daily effectlve ralnfall

farm application losses
(for upland crop only)

combined irrigalion e¢fficiency

In addition’ to the percolatlon rates observed in the study area

this time and in ‘ihe Komering-I Irrigation Pré;ect Area, the values

observed in the Yay Sekampung Irrigation and the ¥Xay Seputih lrrxgatLQn

Proaect Aveas in Lampung Prov1nce are folly referred to for lhe estlmate

of percolatlon ratés in the development areas.‘ As the’ result, the

percolat1on rates mentxoned below are used in the ca\culatlon:

Elevated paddy'fiéld'
Lowland paddy field

Percolatioh Rate (mm/day)

. Dry Season Yel Season
4 2 .
1
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(2) H\ll’SGl‘y water '3'equir01aen1,3 (NH)

The nursery watex requirement is estimated for the following
assumptlons.

{a) Area requiréed for nursery bed: 1/20.of rain field
() Nursery périod: 25 days

(c) ¥ater required for 25 days period:

- Prepiratxon of nursery bed - 150 fin
- hvaporatran3p1ratlon, 5 mm/day 125 om

_~ Percolalion:loss 50
Total 325 m

: The calcula(ed resulls of nursery water requ:rements for Cropping
Pattern-I and ~I1 are shown in Table VI-1,

(3) Puddiing.fater requirement (P!l

The quantity of water requiiéd for puddling works is theoretically
assessed for ihe soil depth 1o -be puddled and porosity, which vary rela-
tively from place to place. In this study, the following formula and

assunplions are adopted for the approxication.
(a) Porgula:
P¥X = DS + XS + PL - RF

vhere, P¥: puddiing vater requivezent in ren

DS: required water depth above soil surface
afler puddling in en

¥5: difference in soil moisture contents
before and after puddling in L]

FL: field loss including percolalion evapo—
ration, and other spplicalion losses

AF:  effectlive rainfall during 10 days of
puddling period with a 80% probability
of exceedance of diought year.



(b} Assumption:

i) Water depih above 5011 after puddling is 30 mm,
i1)’ Porosmt; is 50% in both surface soil (20 cm depth) -
and sub-soil’ {10 cnm dcpth)
iii) VYapor phase in soils after puddling is 5%,
iv) Soil moisture before 1rr1gatlon is assumed to be 20p
in \oluwe.
v) ‘Fleld loss is assumed as follons:
~ percolation 1oss 120 wm
= evaporation 45 wa
~ other application loss: 40% of (DS + ¥S)
vi) Effective rainfall during the puddl)ng lelOﬂ is .

calculated,to be 60 wm.

The calculated result is as Follows:_

s

]

i

{30 + 300 x (o 5 - 0.05) - 300 x o 20) x (1 + 0,40)
+ 20 + 45 -

150 mm

"~ The \aterlng SQhedulesof‘puddllng work for Cropplng Pattern—l and

—-11 are also shown in Table YI-1.

(4) Ball) effective rainfall (ER)

The dally

rainfall data have been collected from ‘the tbllowlng

stations mainly.

BX-1X

i) Belitang (1956 1974, 1978- 1930)
ii) Belitang BX-XVII (1972—1980)

iii)  Kurungan Nyawa (1956-1974, 1978- 1980)
iv) -Martapura (1972-1975, 1977-1980)
v} Simpang . .;(I??}FIQSQ)' . S
vi} Muaradua {1972-1980)

‘vii) Banding Agung © (1973-1980).
viii) Cempaka (1972-1980)
ix} Tanjung Lubuk - {1972-1980)
x) Xayu Agung _(1a72_1930)
xi): Padamaran (1972:1980)

xii) Menggala (1972—1980)

Among ihem, the dala at the Belxtang BK-]K are used for the esli-

ration of effeetlve rainfall in the project area.
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The dally ra:nfalls at this station are processed in the calculation
of effective vainfalls on the basis of the following assumptions fer cach

crop whzch were Introduced in the FAO series No.24 and No.25

Irrigation

and Dralnage Ihpe;“

For Egﬂdx
(a) 80% of da!ly raxnfall is used 1n the calculatlon, taking into

'c0n31derat10n the locallty of rainfall in case that the spot

rainfall data is applied to the whole project area.

{b) Effective water depth 16 be stored in péddy field is taken at

30 e, If the sum of daily rainfall and the res1dual water

“depth from’ the previous day exceeds 30 mm, the exceedtng amount

is regarded as the non-effective rainfall, According to the

various agricullural expericents on the relation belveen

the vater depth in the paddy field and the produciion rate
. of rice, it is known that the shallover waler depth'uSUally

 gives the more Tavoéurable benefits., However, the surface soil

of paddy field should be covered with vater to aveid the
denitrofication'phénOBénon. In addition, in 6rdér to Ea{ntain_
eqﬁai vater depth everyfheré in a plot, each plot must care-
fully be léevelled. Such land levelling practice requires
¢onsiderable invesizenl, and this may not be carried out
accurately'in'host cases. Considering this actval situation,
the allovable water surface flucluation in paddy field is

deiermined to be 30 sn.

‘For upland érop

{a)

(b'}'

Daily rainfal} less tham 2 tm is nol effective for the

calculation.

If the daily rainfall is more than 3 mm, 80% of the rainfall

is used for the calculation,

If the ‘sum of daily rainfall and the reésidual moisture fron

the ‘previous day exceeds the water depth to be available for

T erop Sroflh,‘{he exceeding amount is regarded as the non-

¢ffeetive rainfail. The vater depth to be slored in soil is

YI-9



governed by hold:ng capac1ty of so:l and- effectlvc rool zone

“deplh of cyvop., The vater depth to be stored in soil is calcu—

lated for cach crop as follows.

Available Praction of Water Debfh

Root Soil : Available 10 be
00 > o ’ lo
Depth Moisture Soil Honsture A\ailab
() #: . (imen)
Soybeans 800 14 0.5 5
Peanuts - 800 ‘14 ‘90.35 A 40
Maize 1,000 14 0.6 ' 80

The effeclive xalnfall for each crop is dctelmxned wilh a 80%
probablllt) of exceedance of dlought year ‘vhich is: calculatcd usxng the

effective rainfall obtained through the above daily water balance methods.

(5) Farm appllcatlon losses (FA)

Fara applicatzon losses in upland 1rr1gatxon 1nclude deep percola-.
‘tion, surface run-off, etc. " faking into account 1he 3011 characterlsl1cs,
topography, clivate, 1rr1gallon practlce and experlence, etc., the
~application EfflClenCY is assumed to be TOF of (cu - ER) on an average

over the whole stud) area.

(6) Combined irrigation efficiency (Ei)

the cOJblned 1rr1gat10n eff1c19nc5 is the product of canal operatlon
efficiency and ¢anal conveyance efflrienc), ‘and expressed by the following

eguation:
Bi = (1-0L) - (1-CL)

vhere, OL: ratio of operatxon ‘loss to net irr;gatxon waler
' 'requlrements s :

CL: rxatio of canal conVe}ance loss to net 1rrlgation
© water requnrecents

The operatnon loss 13 defined as the xrrlgatlon waler vasted due to
1nproper canal gate oPerations and unskllled water nanagerent in fields.

ACCOrdlﬂg to thé actually reasured ‘rYesults in the irrxgated paddy fields
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in Lanpung: Provincel~ the tolal operation 1oss would be 50 to 100% ‘of net

'1rllgation water rﬂqn)rements. Even after the canal opération praotzces

and waler management are improved through the appropriate guidance to

the farmers, a cortaln amount of frrigation watorj in the order of 30% to
40% of net irr:gation vater requirements, would be wasted._ Then the oper-

at1on loss of 40% is conselvatlvely taken in the calculation,

' The cahal-cOnVeyaneé‘lbss would be chused by séepage through the
vater perlweter of canal and ¢vaporalion. from the canal water surface.

In the calculatlon, {he canal conveyancé loss is taken to be 15% of the
‘net irrigation water requnrements.

Those make combined irrigation efficiency (Ei) of 51%,

(7) Resulls of ¢aléulation

~ The ¢élculation'bidéedures and results of unit irrigation water
requirements for each crop are shown in Table VI-2., The unit irrigation
vater. requlrements for the respectlve cropping pattern are calculated
based on the crop 1nten51ty as shown in Table VI- 3. The péak unit
1rrxgnt10n water requlrement to be used for determlning the design

capacilies of 1rrlgat10n facllltles are as follows

(a) fbr cropping pattern-I : 1.28 lit/fsec/ha
(Muncak Kabau and Lempwing areas,
Tulangbawang west sub-area
and 1.5 ha area of Kotering-I area)

“(b) - Fov cropping patiern-1I
. (Tulapgbqwang east sub-area)

(1]

0.7} litfsec/ha

(e} fBr’i,O ha ‘aréa 6T-K0mering—l'area : 1.45 lit/sec[ha

{d) for Lebak area 0.99 1it/sec/ha

{cropping patiern-IT)

1: ““Water Rte virement on New Paddy Pield" prepared by Nr. J. Inoue,
. a .
Wav 1981, Lampung Provinecial Public Works.
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2.1, 4 D931gn DLVélSlon Regunremenls

The'des:gn diversion lequllemenls are déflned as the peak div01310n
discharge and uséd for the design of diversion structures al the hcad ‘of
Lthe respect;xe.areas.' The design diversion requ:rements for cach develop-

‘went area aré obtained as below, The detailed caleulation xs shovn in

Table YI-1.

(a) “for Muncak Kabau aréa-(i0;700 ha) ' 13.75ﬁ3/sec'

(b). for Lempuing area (13,100 ha} 16.8 m3/sec

(c) for Tulangﬁavano ared (44,500 ha) - '48.8 m3/sec -

(d)} for the total area of Komering-l, ' , o
Lempuing and Tulangbavang aréas (94,300 ha): 115.9 @3/sec

2.1.5 XYater Requlrerenls for Hater Balance Sludy

The water requnrements to be used for the valer balance study in
the Upper homerlng r1ver basin are calculated on the da1lv basxs for the
‘past 18 years {1963~ 1980) in ihe same manner as @enlioned in lhe section

2.1.3 "Unit Irrigation ¥ater Requlrements

(1) Assumptlion

{a) Irrigation area

The 1rf1ga£10h areas coﬁsidered in the waier balance sludy are
the Komering-1 area {36, 700 ha), the Lempuing area’ (13 100 ha},
the Muncak XKabau area (10 100 ha) and the Tulangba\ang area
{44,500 ha), Further, in the Lebak area, there exlst ‘around
76,000 ha of irrigable arcas Lo be considered in the water

balance study as shown in Fig. VI-5,

(b} Return flow from irrigable area

A part of 1rrxgat10n vater supplles is tikely to return lo lhe'

river systen ‘as seepage and surface runoff. These return flows
are of 1mportance 10 the proaects of wh;ch water resourcas are
limited. Since the retutn flovs from ‘the Plsang alea (2,900 ha)
in the Kozering-I area (36,700 ha), 17,800 ha in the Lebak area
and lhe ‘entire Tulangbavang area would not flov into tho Komering.

VI-12



()

_For tho approxlmatxon of the return flow from the above~

mentloncd areas, the follownng assumpt:ons are establlshed.

~ Around 50% of both the percolation losses in paddy field
and farm application loss in the upland crop fields flow

into the Kemering as the return flow,

- Around 70% of canal conveyance and operation lesses also

flow into the Koméring aé the return flow,
H:Inéffcctivé'rainfall'in the area runs off to the Komering.

Maintenance flow

7-Thé'mihi¢um vater depths reQuiréd for navigation are as followvs:

Kind 6f Boat, Tonnage Minimum Depth

"Big boat© 6 = 7 tons 15
Médium boat 4 : 1 o
Small boat I | : 0.75m

The discharge for 1,5 m, 1 i and 0.75 = of water depth are
calculated at the following places.

!

Kurungan Nyava

‘Menanga Tengah

.~ Suka Bumi

Tanjung Lubuk

7In the above calenlation, the waler surface slope of the

Komering river is determined to be 1/2, 200 by taking the vater

[ levels at Kurungan Nyawa and at- Menanga Tengah, and ‘the rough-

ness coefficxeni of O, 035 is adopted depending on river bed
malerials. The abO\é \aiel surface slope is also applied for
Suka Bumi and TanJung Lubuk, though:the aciuval river slope
lbetween Suka Bumi and Tanjung Lubuk is more gentle than 1/2,200

~and the dlscharge may be sraller than the estimaled discharge.

No navigalion activity of lhe homerlng river in its mlddle reach

is practiced at present. " In viev of navigation needs in the
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future, however, the maintenance fiow of 25 m¥/séc, which makes
it possible to keop one meler depth atl least, is employed for

ihe every reach of the Komering river xn this stud).

There is traéitionai vater rlght for domestic use ln lhe down-
stream reach of Kurungan \\a\a, though there is no legnsllallon
concerning water lxght. Accordlng to the surve§ for munlclpal
water, about 1 m3/sec of the discharge for ‘the downstream 1egion
will be required afler 20 years, which is negllglblc small as

conpared with the nav1gat10n water requ;red' 25 m3/fsec.

(2) Calculation of vater leqnlremenls

The calculated results of the 1rr1gat10n \ater requ1lements for
every developzent stage are ‘presented in Table VI- 5.‘ Furlhelm0re, the
required river discharge to the downstream from the Perja\a héadkﬂrks 3119
- to be used for the vater balance sludy is calculated tak:ng inlo consxdel—
ation the return flow from the irrigation area and the malntenance flow
.for the lower reaches of the Komering river, of uhlch schematxc flow
chart is as shown in Fig. VI-6. The calCulated.results of the réquired -

river discharge are presented in Table VI-6.
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2.2 DBrainage Yaler Requirvemenis

2.2,1 'Slandaid for Drainage Plan

Arvound 4% of the Lempuing area, 14% of the Muncak Kabau area and
2% of the Tulangbawang area exiend over low-lying and flat plain and

suffer from maldrainage in every ranny season, If the lands are not

drained well ‘with a feasxble range, the productxv;ty vill not go up even
after the provnsion of well—desngned irrigation facilities,

Prom the past‘experiments'and obseivations in Japéﬁ[~'on the rela-
tion belween' Lthe yxeld reductlon rate of paddy and depth and duration of

submelgence al different growang stages of paddy, the following consider-
ations could be nade: '

(a) The submérgence al the growing slage of young panicle
- formation gives the serious damage to the yield to paddy,
on the contrary, darage due to subzergence at the stage of

satluring is insignificant.

(b} The duration of subzergence within ) to 3 days is not

Slgﬂlflca“t, but darage of paddy remarkably increases due

to Suhmergence beyond 3 days.

(c)'ﬁfhen a' parl of leaves slill recains above éaterisurface,
the damage to paddy is decreased as compared with that when

1ea¥es are complélely suboerged.

_ The nidst of rainy season in the project areas occurs in the period
belveen November and April. The grovwing stage of paddy between middle
- stage of tillering and beginning slage of panicle forzalion would cor-

respond to the midest rainy season.

[ “These hré.bréseniod in "Hand Book on Yield Reduction Rales of
_ Sumnter Crop due to Various Causes" published by the Minisiry of
Agriculture, Polestxv and Fisheries of Japan in 19?5.
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Taking Jnto ‘account the above con51dexatlons, the' followxng design
standard would be applled for making the future drainage plan in the

projects.,

{1) The allovable depth of submergence in (he paddy fields should be -

30 cm, and dwralion of submergence should not exceed 3 da&s.

(2) The submergencé more than 30 cm in deplh should not lasl morg‘thén
24 hours.

2.2.2 Drainagé Reqpiréﬁents

In general, the ¢ériteria for the calculation of unit drainage _
requirement deflnes the rainfall lntensxty with celtaln plobabllltv and_
a drain period necessary for removal of excess waler Lo an allo*ablé
exient. In the on-going 1rr1gatlon projects in Indone31a,“draxnage
requirecents have been eslicateéd by épplyipg lhejr'owﬁ ways coﬂsidéring

the natural and physiCal_conditions.pfevailing,qver the projeét_ateas.

In this study, the dralnage requlrements are est:mated on the basis

of following assumplions and procedures: .

(1) Since long term and reliable daily rainfall dala is available only
at Belitang, the daily rainfall data of Belilang (1956-1980) are

uséd for lhis stpéy, and applied to all the’deVelopéent areas,

(2) Design rainfall is esticated to be 245 ma of 3 days consecative

rainfall at Belitang with a 10-year return period.

{3} Based on the average ralnfall dnstrlbutlon pat!ern, ihe d;strabutlon

percentage of the’ desxgn daily rainfall is estivated as follows.

Distribution Percenlage

__Day - Pattern !%!

st day | 33
- 204 day - _. | :31
3rd day ' _ 36 o
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{4} Relationship belween rainfall and runoff distribution is assumed
" as followst

Relationship beliecen Cumulative Rainfall and Totlal Runoff

gumulati?e'ﬂainfalli(mm) .Runoff Coefficiént (f)
| less than 10 0
10 - 30 o ; 0.1
30 - 50 | 0.3
50 - 100 0.5
100 ~ 300 0.8

Relationship beiween Rainfgll and Runoff Distribution (#)

Eaihféil‘(mm] C1st day 2nd day 3rd day A4th day

less than 30 100 - - -
30 - 50 70 30 - -
50 - 100 60 0 10 -

more than 100 50 30 15 5

(5) Based on ihe above assumplions, the dvainage requirementis are

calculated as follows:

'Design\ “Cumnulative : Runofl (cen)

Rainfall Rainfall f 1st Z2nd 3ra . 4th 5th
() {rm) Day Day Day Day _ BDay
81 . 81 0.5 24.3 12, 1.1 - -
- 76 157 0.8 ~ 36,5 18,2 6.1 -

88 247 0.8 - - 422 a1 7.0
Total: | | 24.3 48.6 64,5 27.2 1.0

Lit/see/ha - 2.8 5.6 1.5 3.1 0.8

From the above balcula{iOn, the design drainage'requirement for the
secondary and tertiary drains is delennined'td be 7.5 dit/sec/ha vhich:
is defined as the peak requirezent in ‘the above calculation. As for the
Macak river and the Lempunng river to be used as the win drains in the
project, the dlainage requtleﬂenl is cOﬂpuled by using the "Rational
Helhod“; considering the tire lag of oulflow {6 be caused due to their

" large drainage area. Thc calculated results ale presented in Table VI-T.
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3, ALTERMATIVE STUDY ON INTAKE si‘s-rmi FOR BELITANG
PRGPER AREA AXD MUNCAK KARAU AREA

3.1 General

In the Feasnb:l1t) Studv on the Kbmex;ng-l !rrzgat:on Deve10pment
PlOJECt made bv JICA in 1981 the economlc comparlson on the lntegiatlon
of intake for the Belltang Proper Aréa 1nt9 the intake system of the
Komeringél project was made, bec&uSé the large amouni of sedimént_loads
fronm the Komering river is depoéiled at theEuppér.feachés”éf‘lhe'Belitang
'IrrigatiOn Canél, résulting in yéry less'dischargé in the headreach,

In addition;'stbplbgs'proviaed at BK-1 ‘check cum turnout éon?anding

1,300 ha of elevated land bottleneck the fiow capacitv ‘of the headreach.
As the result of economic comnarlson, 1t was ptoposed ‘to constlucl the
'headreach ‘of the Komering-1 progect at itls own capaclty only lnclusxve of

irrigation vater to 1,300 ha of BK—l command:ng area.

The economi¢ comparison on lhe 1ntegrat10n of ‘intake of the Muncak
Kabau area into the Komer;ng—l system was also made in the Feasnbilltv
study. The result of studv showed that water intake th:augh 1(5 own
" intake ‘structure to be consiructed near Muncak Kabau would be economlcal

theugh certain O8M costs for desnltlng are requlfed annually.

‘As mentioned bfiefly in the abové feasibility sludy rbpért;'boih
ec0nom1c comparlsons menlioned above were radé without consxder:ng the
posszbllltles of mlcro-h)dropower deveIOpment.‘ From the rough studles
" based on the available topographlc maps and the proposed plan of
Komer;ng—l pro;ect, it is expected to generate about 800 k¥ ati Kurungan
Nyava and about 600 k¥ at Muncak habau harn9531ng the head Lo be created
between the proposed canal \ater level in the Komering-! system and the
proposed intake water levels of the said de\elopmenl areas, if the

integrated 1ntake systems are applied 10 both Bel;tang Proper Area and .
Huncak Kabau area. '

Moreover, both ecanoaxc compar;sons tentioned above were made for
'the prDV151on of free 1ntakes only v:lhéut construétlon of dnversxon
weirs on the KOmerang river in the case of 1ndlvidual intake from the
Xomerzng river. However, lhe study on the watérshed nanagement

(ANVEX - 1X} .shows that the annual total sediment loads in the Komerlng
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river would amount to 4.6 x 106 n3, whlch correspond 16 1,068 m3/km2/yea1.

CAflerx completlon of the dams in the upper reaches of the Komering river,
most of thé sediment discharge vill be checked Ly the dams,
vill be less supply of 'sedfment loads to the downstream, This would cause
the degradatlon of the Komerlng river bed in the dovnstream,

and there

and would
1esult in the’ lowerlng of river water levels &t Xurungan Nyawva and Muncak
Kabau‘ Thésé phenomena Ylll adversely affect the: free intake practlces
at those iniake sites. Although a furthér study is required on the above
subgect, it 13 concluded that the construction of dlversion welr is
requnled for both Kurungan Nyava and Muncak Kabau sites in order to keep
the design intake waler levels.

Taking into account the above alteration of the conditions for the
econom:c camparison, Very brlef comparatlve studies are made as menlioned

in the followlng seclions. The schematic layout for the alternative plans
is shown'in Pig. VI-7.

3.2 Econoaic Cﬁmparlson on Integratlon of Infake of
the Belitana Proper Area

The irrlgatlon waler for the Belltang Praper Aréa of 20,600 ha is .
presentlv taken from BK-0 at Kurungan byava. The BK-0 intake structure,
hovever, does not function enough to serve the xhole lrrlgatlon area.
‘The vater level in-the headreach is regulated and raised to lrrlgate the
elevaled land of the upper part of the Belitang Proper Area by BK-1;

a check structure vilh turnoul locating at about 7 ko downstream of BK-0
in order to dlvert ihe valexr to its comzand avrea. This raising of water
level makes a hydraulic gradient mild in the’ headreach of the Belitang

Irrlgatlon Canal, resulting in the 1es~ inlake in BK-O and less flow

capaclly. :

.‘Ih:ad&ition,'sincé there is 1o provision of a settling basin in
the BK-O, a large:amount of lhe sediwmenl loads is deposited in the head-
reach, :Il'is estimated at about 30,000 nl pey year at‘present.
Tﬁé éaintcnance will be needéd by means of dvedging ¢ontinuously,
‘QOreO\er, the existing 1nlake structure is a free intake lype without
a dzvorsnon weir on the Komering river. The design intake vater level

vill be lowered in conf0|m1ty vilh the degradatidn'of the river bed vhich
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w111 d¢éur aftel ‘the completxon of reselv01r in the uppor tcaehcs of the

Komellng river,

" The above-mentioned unfavoutahle cond1tions in lhe Belntang Pnoper .
Avea will be 1mproved wlth the followxng countermeasules to be taken upon

1mplementatlon of the Komerlng—l Projcct.

Case-1: Yater supply to tlie high*éléVQjed”aréé'
' from the Komernng-l system :

‘The vater level ii the héadreach ‘of the Belltang Irr;gation Canal is
raised at Bh—l to irrigate the elevated ‘area of aboul l 300 ha
covered by BK-1 and this is one of the ¢auses of the low inlake
capaciiy of'BK—O as réntioﬁed preiriously.= Acdording to.ihe resulls
cof the field 1nvestlgatlon and hydraullc analv51s of the hcadleach,_'
the pxesent Belitang I:rlgatlon Canal can convey the waler required
of the whele Belltang Proper Area,:lf the h)draullc gladlent of the
headreach is improved by lowering of the 5ater le\el al BK-1.
Therefore, the follovxng plan 1s concelxed wlth respect of the )
irrigation system capac1t3 of Komer:ng—l Pr03ect and. the lmprO\eﬁent

of lhe unfavourable hvdraullc ‘¢onditions of the Proper area:
" . The irrigalion walér for the elevaled area aboul 1,300 ha com-
" manded by BK-1 is suppiiéd frbm'théikomeringﬁtnsjstém;
- Regulating stoploga prov1ded at BK—l, which are lhe main cause
~to veduce the hydraullc gradlent in the headreach, are rembved.

- Sediment problem in the headreach remains, Annual sedizent loads

" are estimated to be 104 000 FS) based on the design discharge of
25 m3/fsec,

~ Overflov~type diversion wveir is constructed to raintain the design

vater level irmediately dovnstreaﬁ'of the’infaké structure,
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Case-2: Divérsion of the vhole required water

o the Belitang Proper Area,

of the Proper area

frém the Komering-I system

The Horth Main Canal of the KOmcrlng~I system crosses over the
B¢litang Irrigation Canal with an adequate water level 16 supply water

The firrigation water for the Proper
area c¢an be diverted from the Komer1ng~1 system when the Perjaya

IheadVOrks and headreach and North Main Canal of the Xomer:ng-l

System are consirueled at the capac:ty inclusive of the 1rr1gat10n

water to the Proper areca, Consequently, the adequate 1rr1gat10n

vater for the whole Proper aréa will be secured, and the expensive

© G&M costs for ihe desilling of the Belitang Irrigation Canal will
- become necdless,

Moreover, the mlcro—h)dropower géneration in the
order of 860 kH can be conceived atl the inlel point from the
Komerlng—l system harnessnng the water head dlfference of about 5 a
betlveen Lhe Belitang Irrigation Canal and the Komering North Main

Canal, and this benefil can be counted in the comparative siudy,

" In order lo delermine the wosl economical plan to solve the hydraulic

constraint of the Proper area, the économic comparison s wade belween

the above Lwo cases based on the following understandings.

()

(2)

' (3)

Since agrlcultural benefits in both cases are same, these benefits
are disregarded in this comparlson. Therefore, annual incremental

benefit is deemed to be derived from hydropover generation only in

Case-2,

Difference of conslyuction cost betveen tvo cases is deermed to be

-investment cost to gel the annual increcenial benefit centloned

-abO\e,::.e., hydropover benefit,

Emplosnng the above 3n\eslment cost and beneflt B/C :atio‘is calcu-

lated, Thls B/C ratio indicales:

- B/G”2>1: Case-2 is more'economica}{

- BfC:= 1t Both cases have the same econonic viabilily.
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The calculated results are as follovst

{1} COSt (refer to Table VI—S)

(a) Diffexence of constluctlon cost’ between two cases'-

Case-2 US$8,218" X 107
Casée-1 © O US$2,415 x 103

Differencé +US$5,803 x 103

{b) Capital recovery cost for item (a):

(i = 8%, 50 years for éivil wﬁrks and 30 )ears for

mechanlcal works)

+US$502 X 103

{c) Di fference of annual 0&M ‘costs bétween tvwo casést
Case-2 o US$61 x 103
Case-1  us$128 x-103

Difference ' -03367 % 103 B

{d) Diffevence of énndél eQuiialént costsi

() + (c):  +US$435 x 107

(2) 'Annual‘lncfemén{al benefit derived from Casé~2

(refer to Table VI ~1Ql

+Uss338 x 103

{3) Benefit/cost ratio: '0.78

”he result of the’ econonxc comparlson shows that lhe dlYETSIbn

method of the: lrrlgatlon water requlred 1n the Proper area from the
Komernng-I system (Case—2) is less attractx?@ than the dlrect

diversion method of the 1rr1gatlon water to lhe Proper area through the
Kurungan Nyava Intake (Case-l), even if the beneflt of. the mlcro—.

' hydropower scheue is counted,ln the c0mparlson.

Thls result ot economxc'

: compar1$0n will further be Just1fxed, if the electr1c supply from the
K hydropower schemes contemplated in the upper reaches of the Komering

river 1s con31dered for the rural electrnflcatlon instead of the saxd

V1-22



micrd-hydrOPOWGr StatiOn, because the upper Kbmering hydropower schemes
can be developed more economically than the micro- hydropower scheme as
comparéed below:

_ Annual Annual o _
Fquivalent Cost  Energy Output  Cost/k¥h
_ {107153) (Hwh) (US$/k¥h)
Upper Kowering lydre~
pover Scheme ‘
- fanau Scheme ‘ ' 9,100 148,000 . 0.06
~ Komering No,1 Scheme 13,910 438,000 0.03
" = Komeéring No.2 Scheme 8,740 - 174,000 0.05
.~ Muaradua Scheme 5,240 68,000 0.08
Eﬁcr6~hydr6ﬁower Scheme
Mi¢?oeh§dr6power Station 760 4,100 0.19

3.3 {Beononig Comparison on Intepgration of Intake of
the Muncak Kabau Developzent Area

: Iin the prevxous studv, the 1ntake structure fer Muncak Xabau
dev010pment area is contemplated on the right bank of the Xomerlng Fiver
in the vicinily of the village Muncak Kabau and no diversion weir is
piannéd'to be construeted. Hovéver, an overflow-type diversion weir will
be required xmﬂedlateij dovnstream of the proposed intake snte by the

same reason as mentloned in the preceding section,

In view of the rvelation of the water levels in the river and a
headreach 1o Le consfructed the Huncak Kabau intake site will havé no
suitable localions for a settling basin to be able to eject the sediment
ralerials gravitatibnally to the Komering river. The arlificial removal
of tle loads is absolulely needed. To cope vith the e\pected expensive
dredging works, lheé diversion of valer from the Komering-1 systen is
concelved. In ¢onsideration of elevation of the Irrlgable area in the
Wuncak Kabau area and the vater level of the Xomering-Y North Main Canal, -
the dlverslon of waler 1o the Muncak habau area froa the Komering-I
system is easily made vith provision of short lengih of a ¢onnecting
channel, In !hi$ ¢ase, the micro-hydropower generation in the order of
600;kv can.be.éonéei\ed‘at.the'connecting point betlveen the connecting
channel and lhe Muncak habau Main Canal harnessang lhe water head of
about 7 meters (o be created befween the {vo camals.
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In determination of the intake system of the Muncak Kabau area; the
economic comparison on integration of the Muncak Kabau iatake into the

Komering-I system is needed and irade belween the following two cases.

Case~1: Yater iniéke’ihrough own intake near Muucak Kabau
The relating costs 1o the comparisén are the cohslructidh coéts of
inlake siructure, dlvezsxon weir, settling basln and rain canal

concerned, and the annual cost for O%M of the lelated facllltles

and dredging,

Case-2; 'Diversion of vater fron Komering—1 sybtem

The co&parat:re costs concerned are the a!]ocated constluctloﬂ costs
of the headworks, headreach and North Main Canal of the Komering-l
irrigation system, the const!uctlon cost of the. ¢onnecting channel
and the annval cost for 0&M for the related facilities. The costs
of facilities required for lhe mlcro-hydropower géneration and ils

benefit are also counted in the comparatlve study, -

The economic compar;son for the above tVO cases is radée in the same

canner as that of the Belllang Proper area case.

(1) Costs (refer io Table VI —9)
| {a) Dxfference of construct1on cost betseen two caseés:

Case-2 L 65%7,921 x 103"
'Casé—l - UsS$3,780 x 103

Difference 1US$4,141 » 103
(b} Capital recovery cosl for ilem (a):
158362 x 103

{c) Difference of annual O%M costs bétween two cases:

‘Case-2 US$56 x 103
Case-1 _ US$94 X 103
Difference _uS838 x-1o3

(3) Dnrference of annual eqnxvalent cost-

(v) + (c) | 4033324 x 103
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(2) Annual incrémental benefit der;ved from Case-2
(rcfer to Table VI»IO} '

tYS$27T x 103

(3) ' Benefit/cost ratio: 0.85

: Accdfdihg‘ta thé above résuft the diversion method of the irrigation
water requlréd in the Muncak Kabau area from Lhe Komering-I system (Case-2)
is less attractive as compared vith the free intake method of the irr-—
gallon Wator direclly from the Komer:ng river (Case—l) Woreover;'in this |
case also the rural electrxflcatlcn of the Muhcak Kabau area will be
pOss;blelﬂllh cheaper élcctrlc supply from the upper Komering hydropower
scheﬁés.55”00mp3red vith that of the microe-hydropover station (USS0. 23/k¥n).
Plon these reasons, “the direct diversion riethod of the irrigation vater
required in the Nuncak Kabau area fron the Komering river is further
Justlfled io be more attractlve than the dl\ersxon zelhod of the vater
fr0m {he Komering~1 syslem.
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‘4. CONSIDERATION OF THE FUTEHF DBVFLOP“FVT or !hIPUING
' AND TULANGBAWANG DEVELOPMENT ARFAS '

Acconding to lhc geograﬁhicél iocﬁtion of the Komering rivey and
the 1rr|gatlon alcas of the selected projects, tihe llrlgatlon halex of
the Lempu\ng and Tulangbasang development arcas has to hc served thlough
the irrigation systen of the Komerlng-l PlOJect. The de\elopment of the
Lompu1ng and Tulangba~ang areas wil} follov ‘the realization of the

Komering-1 Project according to their prlor:l; order.

in the Peasibilily Stud) Repoxt prepaled in 1981 the cconomich
comparlson vas rade for the cases shether the Joxnt fac;llties for the
both areas and the Komering-1 Project should be construcled \ith the
increased’ capacntles from the inilial constructxon stage of the honenlng—
'PrOJect, or extension of lhelr capacltles should be made 1n thejl . own -
der910prent stage. For the above cases, the economlc comparlson b\ means
of internal rate of return {IfR) vas nade for »he dlfferent length ‘of
tice span {rom the slart of the Komer:ng-l-Pro;ect-woxks to tlie realiza-

tion of ithe Lempuing and Tulangbavang areas.

In both cases of the Lexpuing and the Tulangbavang areas, the IRR
for the case of the joint conslruction Qas ﬁigher than thal of the
expansion works only vithin the tice of Lhree Lo four years after the
start of the Komering-I Pfojeét vorks. This indiéales that il is not
economical to construcl the joinl facilities of the:komering~l Project
with the increased capacities to méel the fu!ufe_developménp of the

Lempuing and the Tulangbawang areas,
The expansion works of the jointiportibns to be imblemenleﬁ under

the Komering-I Projecl are carried out.in'lhe'respecﬁi?e dcveldpﬁent

stages of the areas.
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5. PLANNING AND DESIGN OF IRRIGATION AND DRAINAGE FACILITIES
5,1  General:

The major fealure of the project is to suppiy ‘the optimum irrigation
water to the Maricak Kabau, Lempuing and the Tulangbawang development
: areas: The facilitics requlred for the proJecls Jnclude intake structures,

11r1gat10n canals and their relevant struetures, dralnagc facilities and
faro roads,

The BéSis'fof’delerm{niné the Thcilitv'reQuirepents for each function
is that enough pro;ect facilities be provided in the most effective and
economical manner so that cach function can be combined with the fully
compailble with the other farmlno operations required at each stage of
de\elopment. Based on ‘the above requnrements, the following planning and
plelnmlnar; deSign”éf project facilities for each area are prepared.

The geuelal features ‘of the project facilities de31gned are suﬁﬂarzzed in
'Tahle Vi1l and the general la\outs for ihe Wuncak Kabau, Lempuiag and

Tulangbahang areas are shown in Fig. VI-8, VI-9 and ¥I-10 respectively.

5.2 -Irpigé(iph Canal System

3.2.1° Functxon and Re quirerent of Canal

Irrigation canal system in the project area includes main canals,
secondary canals, and tertliary system. The layout.planning of these
canals is done a[(er undersiandlno the;r respeclive funclion and requlre—

ment mentioned be]ov
(1) Main Canal

lnjthe.project area, lhere are four rain canals; Muncak Kabau East
amd West Hain'Canals, Lempuing Main Canal and Tulangbawang Main Canal.
The rain functlon of the canal is to deliver lrrlgalxon water from intake
struclure (o de\elnpmenl area in the shorlest or in the most economical

¥ay. These canals are basically unlined and lrapezoidal. The raised

portion is:lided with ‘concrete.

The 38-kn long Huncak Kabau Easl Main Canal is construcled to lead
'irrigaiion vater of aboutl 14 n3/sec to lhe Muncak Kabau avea from the

intake structure constructed on the Komering river and branch off
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the 12-km long ¥est Main Canal at its 5-km poin!.‘ The Lcmpunng Maln

Canal which is c\lended from the end point of the homcrlng-l Notth Main:
Canal conveys 1rr1gatlon vater of about 17 m3/scc for about'dﬂ km, '

The Tulangbawang Maln Canal is branched off at 18-km point of the
homerlngnl Souih Main Canal and deliver irvigation wvatey of about 49 n3/sec
for about 90 km.

The frrigation diagfam showing the'desigﬁ_capeéity of each main canal
is shown' in Rig. VI-11. PFig. VI- 12 shows the 3rrigation diagram of the
Komerlng~l system vhich include the 1r1:gat10n valer for the Lempuing and

the’ Tulangbaxang areas.

(3) Secondéry canal

This canal is brahched off from the main canal 16 distribule valer
up to the secondary unit area. The size of secondar) unlt .area masil\
varies from 500 te 2,000 ha vhich is dl\lded 1nto around 5 to 20 tcztxar\
blocks. The canal is principally unlined, but the ;a:scd canal portlon

is lined with concrete.

{4} Terliary sysiem

The tertiary block includes one tertxar\ canal and 10-15 quaielnal\
canals. The maximum size of tertlary block is 150 ha. Yhereas, a qua-

terrary camal covers 10-15 ha (for details,'vide Section 5.5},

5.2.2 Layoul Planning of Canal

The layout planning of canals is done lhrough the follo&:ng

‘praocedure. =

(v Layout_planning on rap

Before slart of field sur\ev, a layout plannlng of cana]s 1s ﬁade
on the zap. Por this work, the maps on scale of 1/50 000 prepared b}
FAO in 1974 for the Muneak Kabau area and 1/50 000 ‘prepared by Ind0n931an
Government for the Lempunng and Tulangba\ang areas are used, In the

plannlng, the following ratlers are ‘taken 1nto consideration.

(a): Canalrglignment should be siraight and short as much as
possible,
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(2)

(b)

(c)

(@)

“e)

(r')'_‘

fulure water users association,

(b) :

(_c)'

{a)

(e)

The afignment shpﬁld‘bé'plannod'SO as not to pass through
village areas and not to give damages to public facilities.

Embankment poft!ons shbuld be minimized as much as possible,

Canal constiruction ¢ost should bé minimized by seIecting the
proper alignment,

Cana) water level should be kept as high as possiblé for easy

operat:un of canal system,

The ¢anal layout_should be convenient for the grouping of

¥ield sutvex
{a)

Based on the layout planning prepared on the map, the field

‘reconnaissance'is'made along the alignrtents to know the micro-

topography, h)drologlcal condltions and soil condltions, and

Lo collect farmers opinion toward the development plan.

The follovwing topograpﬁic'surVey are carried oul for the Jayout

planning and preliminary design:

~ check leévelling for existing benchmarks,

~ route survey and cross section survey along the wain canals,
vhich are being carried out by the Governmenl of Indonesia.
Soil mechanical survey carried out in this stage includes:
r N . . . ) .
~ penetralion tesls at main struclure sites,
- soil mechanical survey along the main canals and soil

mechanical lests in laboratory,

The c¢onstruction material survey is made for their avail-

abilities and prices.

Por Llhe la)out plann:ng, agricultural, econonical and socio-

'logncal data are alsoc collected.
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5.2,3 Function and Cuhfiguralion of Related Structures

A number of canal structu1es of var1ous type is requlled 1n con-
Junctxon vith the irrigation canals. The configurations of Lhese
structures arve selected pxoperlv considellng their functlons, canal

layout, operational progiam and social’ conditions in the project avea.

Q) Intakelstructurg

A intake st}uciure'viil be gonstructéd on the Komering'rivér near
Muncak Kabau village to divert irrigation uaier to the Muncakgxébau area,
This intake structure is of free intake type, though a simpye over;f!ov
tvpé'diversibn veir is constructed inmédiaiely dovnstreats of the inlake
structure Lo keep the design’ intake water level of Eb. 61,5 o even after

the degladatlon of Komenlng river bed occurs.' This 1ntake structure will
“be equzpped vith a settling basxn to deposit the sedlment materials
flowing in fronm the river. "The sediwent loads are artlflciaII) removed,
because the difference of the hater le\els ‘belween lhe river and Lhe canal
is not encugh for the natural flushlng—out of the sedlment. The general

feature of the intake structure is shown in Plg. vi-13,

{2) Bifurcation siructure

Bifurcation struclures are'&onétructed.étiihé 5-km point of Lthe
Mancek Kabau East Main Canal lo divert irfigatfbn water to:fhe’YeSi Main
Canal. Another bnfurcatlon struclure will be constructed at the hecad of
the Tulangbawang Main Canal, which will branch off al the 18-km poxnt of
the Komering-I South Main Canal The structure is parl:tloned into tve
channels by concrete vall and these channels vill lead 1rrlgat10n water
to the lower reaches. Fach channel is provided with steel gates for

¢ontrolling canal discharges.

(3) ‘Check gate .

iIn ordef to maintain the requiied water level at the sile of
diversion on off taking even dur:ng per1ods of partial discharge, a
check gate is provided where a nunber of turnoculs ls densel) providcd
or where fanrly large discharge is diverted, Over the prOJe¢L canals,
tw&’types of check gates are éonsiruoted'depending on the‘lOPOQraphy
“along the canal. Gne type siupiy has a function as a check gate and
the other type is of combined type with drop structure.
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At the si(es where faram road crossings are requlred from the VLew~

point of canal and yoad layouls, concréte slabs are provided on the check
gates.

{4} Turaout

Turnoub 1s cons&ructed to dlvert the requnred watér from a parént

'canal to its branch canal, The free flov type of turncut is nntroduced.

The' reciangular box barrel or precast conerete pipe to cross the road or
canal embankment 13 adopted dependnng on the dlscharge. The reclangular
'box barrel is applied for dlscharge rore than 0.6 n3/sec. 'A}) the turn-—

ouls are designed’ for full capacily at every waler surface regulated by -
the check gate,

(5) Bridge and culvert .

A hridge or culverl is constructed vhere a road crosses over tLhe
canal. Thésé hridges and culverts afe strong enough.for the increase of
"heavy traffié¢ afler the project 1mplementat10n. For selection of bridge
or culvert a comparatlve study of construction cost is made between them:
con31der1ng the cuttlng depth of éanal and canal width, and has drawn the
preliminary ;onclusion that the construclion of bridge is more econonmical
for the main: canal vith ‘désign capacity of 2 m3/sec. The maximun span

'lengih is 10 'm and a concrele T-leam type is applled.

(6) Sgiilwai
A spillwvay is coastructed in the canal ‘system for the purpose of
flushing of f all the vater in the canals or spilling out excess flov. in
case of emergencv and clearxng and repaljing canals, This siructure is
=provsded_ln the mid-cource of respective main canal and at the end of
secondéry ¢anal, All the spillvays ave equipped vith slide gatés

(vastevay) and connecled to the nearby drainage canals.
(7) Crossdrain

A crossdrain is consirucied al the site vhere the irrigation canal
Tuns a¢ross a depressed land or nalural stream. As the crossing
sllucluro, a roclangulax-shaped barrel or precast. conerete pipe is !ald
under the irrigation canal. The foraer is used For the design dischaige

of more than 1.0 m3/sec, and the latler is for less than 1.0 n3/seec.
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(8) Yater measurxng device

There is no douhL lhqt the conventlonal use¢ of waler for agr1cultu10
‘is, to some cxtent, vastleful, " There is consndcrable yoom for econodmy in
waler use, and harmful 11r1gatlon practices \hlch give rise to’ unterlogging.

Por this accurale and reliable measurcment is ossentlal, as lhls ‘can be

accomplished by knOhlng with leasonable accuuacy; the amount of wate;
belng dlverted and dell\ered. hater neasurement is also needed to
establlsh chalges to water users if 1equ1red. In this context, the -
installation of fol]ownng EPRSU!IBg de\:ces is proposed for the 1espcct1ve

canal system.

Plaeé of installation Seasuriﬁg_device
for intake structure ~ Gauging staff
for bifurcation structlure = - Broa& crested weir type
" for main canal - ~ Gauging staff at check gate -

— Broad crested weir type at check gate
for secondary cana}‘ - Romijn gale at turnout (upto 1 m3/sec)
- Cipolletti weir at turnout
for tertiary canal _ - Romijn gate al turnout

~ Cipollelti weir at turnout

5.3 Drainage Canal Systen

5.3.1 Funetion and Requiremenl of Drainage Canal
. The draimnage canals arvre clasSified by funétion as follows:
(a) Quaternary drain is provided to dvain out exceséite water in

fields and to lower or control‘the sﬁbsurfaee water level,

(b) Tertiary drain is provided to_drhiﬁ'out iﬁé'exéeséive‘watér '
and subsurface waler collected by the quaternary drain lo
secondary drain or directly to river. |

" (¢}  Main and secondary drains Lransporti waler from quatermary

drains and tertiary drains $o outlels or disposal poéints,
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The layout of the irrigation system and topography are the main
ractors dotermlning the location of all the drainage canals,

(1) Quaternary and tertiary drain
Detailed description will be wade in Section 5.5 hercof.

{2) Secoﬁdafy drain-

_ These drains are designed to collect water from quaternar) dralns
and le;tlary drains and ie¢ transpont to main drains or rivers, ‘Depressed

areas or old slream beds aré used for location of the secondary drains,
(3) Main drain

The location of main drain is deminated by natural streams and rivers
criSsérossing in the developzent area. These natural streams and rivers

are used as much as possible as the wmain drains,

5.3.2 Layout. Plannlng of Bralnage Canal

The la)out p]annlng of dralnage canals is carried out through the

folloving procedure,

(1) Esiéﬁliéhmeht'df basic concepts

Rirst of all, the following basice concepls for plannlng the drainage

system are conlemed.
{a) ¥hat extenl should the area be protected against the Floods
from the river?

(») ¥here should lhe main drainage canal or disposal points be

localed?

{c} How will 1he bxcéssive wvaler in the area he collecled and

transported to the disposal poinis?
{a) ls.lhere an&lneCQSSily of mechanical drain?

“{e) ¥hat extent can the drvainage benefit be e\pected after the

' prOJeci implemeniation?
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(2) 'Fiéld suyvey

_(a)

(v)

“{c)

()

(e)

()

{g)

{h}

Fleld damage due o floods and mal~dralnqge is surveyed for 1ls

extenl and wagnttude.

Present dvainageé mechanism is observed in the projecl area and

in its vicinal areas.

Reconnaissances along the Macak and Lempuing riveis ave made to
check he highest flood vater level in the past and iheir

presenl flow capacities.

Sub-surface water level is observed by digging several pits in

the representalive sites.

Rainfall data is calculated for the analysis of the intensity

" and duratién of rainfall in the area and estimalion of drainage

requirements,

Present land use in the area is\Surveyed for the usé of ana—

lysis on drainage requirements.

Soil characleristics in the area is surveyed on the reconnaiss—

ance basis.

Present farming practices and socio- and agro-economic surveys

are carried out in the project area and in ils viecinal areas,

(3) Preliminary study of drainage canal layoutl

Based on the resuldi of'field_sﬁrVey mentioned above, pfeliminary

layout of the'drainage éanal svétem is pidnned on the iopogfaphic gap
on a scale of 1/50 000 prefared by FAO in 1974 for the Hﬂncak Kabau area
and 1/50,000 prepared by the’ Governrent of Indonesia, In the planning,

the follov1ng ratters are fully taken inte cons;derallqh.

{a)

Drainage vater réquirementé; drainage method,‘reQuiféd canal
elevatlons at key points and general layout of drainage system

are first conflrmed
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{b) Dralnage alignment is planned along the lowest land and as
straight as possible,

(e) The allgnment is planned $0 as nol to pass through village

areas and not to give damages to public facilities.

'(d)’ Ralsed ‘portions of drain are mznlmxzed in order to keep canal

water level below ground surface as wuch as possible,

{e) Allernative study is rade to assure the suitable alignmént.
'In_lhis‘aiternative study, canal slope, kind, type and configu-

ration of related structures are incorporated.

(f) The canal alignment thus obtained is confirmed whelher the
~aligament will satisfy the operational and social requirements

or not,

5.3.3 Function and Configuralion of Helated Structures

The structures related td.the drainage network are bridges,

culvérts,'drops and drainage outlets,

The bridges and culverts are planned and designed with the same
principles as mentioned in Section 5.2.3 for drainage culveris, two types
are provided depcnding on their design capacities;.i.e. rectaﬁgular box
barrel iype amnd preéast conerele pipe type. The former is applied for
'ihe design ca'ph(fity of more than 1.0 n3/sec. The drops are of vertical
t)pe'with 1ec{angular cross section. The drainage outllets are p:ovxded
at the end of drainage canals, which will flow dlrectls into the rivers
or sireams, to prevenl the river bed erosion and retrogressi?e erosion'

in the drainage cahals.

5.4 Inspecltion Roxd

For the probér operation and raintenance of projeci facilities,
well afrangéd inspection roads are of vital importanée. Since these
roads will bé used as village roads and farm roads afler the project
implcméﬁlaiian; the arrangerent of the inspeclion roads should be made

~considering the exisling and planned recad nelwvorks.,
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(1) Haiﬁ inspection road

The main inspectién roads ave f?ﬁuifed'for inSpeCLidn, équatiOn'aﬁd
rmaintenance of the wain canals., Céﬁsiderihg the future inérease?bf vehicles
for the insﬁeétibn'énd operatidn and heavy'consirHCLidn oqhipment to be
required for the canal malnlenance angd lepalr, all the maln inspectlon '
roads are 50 designed as lo have an effecllve width of 7 meiers and te be
' gravel-metalled. These roads are also used for the movement of ag:icul~
tural products: and equlpment and for the dav-to ~day services hetween

villages and from them to the hlgh\ag and railvay’ statlon.

{2) Secondary inspection road

' The secondary inspection road is mainlv prO\lded alongalde the
secondar\ canals, All these roads have an effectlve-wndth of 5 melers
and are paved with laterlte 'soil. These roads link the cultlvable areas.
to popu!atlon centers in ihe area and are used for the purpose of farm

operation, particularly for harvesting.

(3) Tertiary inspection road

For the sare purpose as that of the secondary farm foads, the
tertiary fara roads are constructed along one side of all the Lerliary
canals. These roads have an effective width of 3 meters and is of earth

without any metalling.

5.5 Tertiary Development

5.9.1 General

3Tertidry'development prograﬁ aiﬁé'ét‘effiéient_waﬁér manakemént by
establishing the well organized tertiary‘syslem and through refined
rotational irrigation program. For this sub;ect the D:reclorate of
'Irrlgatxon of P.U, has prepared lhe report tltled as ¥Guideline hanual
for Plannlng of Tertlary Nelwork" " For the details of criteria and

 stapndards for the de31gn and oPeratlonal programmlng, lhls guidelnne

 manual is referréd to,
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5.5.2 Definttion aiid Recommended Size of Irrigation Block

The tertiary development program is prepared for every tertlary
block. This tertiary block is furthey divided into several subordivate
blocks like sub—tertxary blocks and qualernary blocks. The definition
and:recovmended s:zg of each 1rrigat10n block is briefed as follovs:

'(1)"Tér£iéry block

The tertlary block 13 covered by one tertlary canal, The dlstrnbﬁixon
of xrrlgatlon waler in the tertlary block is managed by farmers themselves.
In some cases, however, it is difficull for the farmers Lo manage the
;distribution of water to vast lands and large number of farmers equally.
The"p331 eXperieﬁces in ¥ndonesia shoved that the suitable size to be
coveréd_ﬁy one lerliary‘éanal vould be in the order of 50 ha. Considering
the apprepriate organization of water users' group in fuiure, the maximum

size of terliary block is proposed to be 150 ha,

{2) 'Sube{pftiafy block

‘In 6@39 that the lerliary bleck can not be formed within one village:
in many caéés, the boﬁndary of 1er{iary block crosses lhe administrative
boundaries of villages, a sub-tertiary block is formed in each village to

siwplify the organization of waler users' group.

(3) Quaternary block

In order to distribule irrigalion valer equally and efficiently to
all parts of the field through more intensive water control, it is
advisable to sub-divide the terliary block inlo severa) subordinate
block; the quatéfn;fy blocks. The qualernary block is served by respect-
{vé qﬁaternary'caﬁal. ihe recommended size of one quaternary block is
10 to 15 ha.' The rolational irrigalion is practiced on the quaternary

basns.
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5.5.3.'Irrigalion Canal Systiem

The terliavy system consists;of‘terliary canal, subf{ertiary canals
andiquaiéxnér) canals uhich;respbctivelv éb\er the terlia:y‘block, sub-
lertlaly blocks and quaternary blocks as’ mentioned above in layout
plamming of these canals, the followlng respect:\e funcllon and de$1gn

principle ave taken into con51derat10n.

(1) . Tertiary canal

The lertlarv canal delivers irrigation water from secondary irrigation
canal or sometinmes directly from eain caual to the sub-tlertiary canals
and/or quaternary canals, . The irrigation water shéuld not be taken
direclly from the tertiary canal into fields. For-the'aligﬁhént"df these
canals in the area vith steep topography; more than 1% of'lahd slope,
the canal should be in perpendlcular 1o the contour line (perpendlcular

iype).

(2} Sub-tertiary canal

The sub-tertiary cana} leadsfirriga{iOn vater: from the tertial)'
caral to the quéternary canals., ln this case also, 1rr1gation vater
should not be taken dlrectlv from ihls canal to fields, In prlncnple,
the alignment of this canal is made in the same_manner{as {hat'of.the E

tertiary canal.

(3) Qpaternary'caﬁal_

The quaternary ¢anal is tersinal system, Irrngatlon uater to be
carried by this canal flows ian rlelds directly or through sub—qua{ernary
canals (branch of qualernary canal) The end of quaternary canal is
connecled to nearby drainage ¢anal so as to draxn off excess kater in the
canal. Espeexallg in steep-slopé area, more than 1% of land slope,: the
canal should be aligned in parallel to 1he contour line (c0nlour type).
In order to avond lrrxgallon water from splllnng—ont from one’ paddy field
to the next field, the width of one plot ‘of qualernary sector should be
limlted to 200 n at saxizua, Furthermore, in order o mlnimize the
area to be occupied by the canal alongside the drainage canal should be
avoided as such as possible. Instead, al) the quaternary ¢anals expect

the canal to be constructed in the highést position in the respeclive
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area are so de31gncd as to have dual functions ifrigation and=drainage

functlons, where p0531b1e.

The typical layout of tertiary system is illustrated in Rig. VI-14.

' 5.5.4 ‘Drainage Canal System

lh'{he:tértiary'block,'qUaternary drains and tertiary drains are
required to evacuate excess vater from the block. In the layout planning

‘of these dralnage canals, the folloving respeclive function and design

principle are taken into consideratien.

»

(1) Quaternary drain

Quatérnéry drain is excavated td collect excess water in the qua-—
ternary bloeck and drain off the vater to the tertiary drain. In case the
quaternary canal has dual funclions, the quaternary drain is not

excavated.

(2) Tertiary drain

‘ Tertigry drain is pTQVided to lead the excess water o be collecled
by the quatéfnary'ih the tertiary‘block to the secondary drain or directly
to the river. In the typical layout, the tertiary drain is aligned

alternately with thb.tertiary canal.

5.5.5 Parm Road.Networks

Por the ﬁhrpose of canal inspection and farm operalion, lwo types
of road; téftiary inspection road and fara road, are required‘in the
tertiary block. The réspeclive funpiion and design principle are

mentioned below:

{1} :Igrtiqiy'insbection road

A tertiary inspeclion read is required alongside the tertiary canal
“and the snb—iéfliary canal. This road is used only for the inspection

of c¢anals and farm operalion.
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{2} Faim:dpelation voad

This road suitable for trucks and L:actor is requlled throughout
the tertiary block for the purpose of farm opelatxon partlcularly for
harvesting. Th;s road is provided for the connection of tertiary

' inspeclion road 1o other roads. This 1s used only for farming dpelatlon.

5.6 Land Reclaration

In conformity with the results of ﬁresent'lan¢ use'claSSification
{see ANNEX-V}, the éioss total areas to be reclaimed for the paddy'field
“are 9,450 ha for the Muncak Kabau area, 9,700 ha for the Lémbuing.grea
and 49,250 ha for the Tulangbavang afea'}especfiveiy. Their distribution

of the present land use is tabulated as follows:

. ' Area 10 be Reclalmed (hs)
Presenl Land Use “Muncak Kabau " Lempuing. Tulangbawaqg_

Gross Net  ~ Gross Net = ©Gross @  Net.
1. (Paddy) | (2,850) {2,300) (4,900) (4,500) (310) (280}
2. Tegal | 940 840 1,020 910 5,250 ' 4,720
3. Ladang | 1,130 1,000 1,580 1,400 11,400 10,210
4. Forest 5,310 4,720 2,80C 2,490 27,900 25,060
5. Alang alang 510 450 2,900 2,580 4,700 4,230
6. Swvale | 1,210 1,080 80 2700 © _ ©

7. Others 350 310 600 520 0 o

Gross reclaiced area 9,450 8,400 9,760 8,600 49,250 ‘44,220

Lahd clearing area ‘ \ : o
(Ladang and forest) 6,440 : 4,380 39,300

Land levelling area - 8,400 ' 8,600 _ - "44,‘220

The land clearing works for forestl in the project area aré car}iéd 3
out by the farmers thedsel#es‘of Bj.PTPT und;f.the transmigration or
ieséttlément prograns of the'Govérnmenﬁ_of.indonesia; Theief@re; the
cutling work of trees is not includead in the prpject'w0rk$.. Since the
final levelling works are also carried out by the faraers thémSéiVes,

the costs for these vorks are not included in lﬂg project cost.
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Table VI-1 (1) 'FUDDLING AND NURSERY WATER REQUIREMENTS
-~ (CROFPING PATTERN - X AND IT, RAINY SEASON PADDY)

Nov..

Iy [ uarn

“Jan.

1 [ ua |

]

S
~ .
Nursér

Puddling ¥aler Requirement

Total

B ) _ ; Fuddling Puddling
. Phase - Period  Puddling Area ¥ater Area
| - (day) {enm)
Nov. I 10 1/5 30 1/5
Pec. 1 10 3/5 30 2/5
T 10 1/5 30 3/5
E1l 10 1/5 30 4/5
“Jan. I 10 1/5 30 5/5
Total 190 &
Nursery Water Requirement
. L Puddling Crop Consuxp- Perco Yeighted
‘Phase  Period = ¥aler Index tive Use lation Tolal Average
_ (day) (ris) {rm) {rm) fmm) {rm)
‘Nov., 1 5 15 1/12 2 1 18 1
. 10 15 - 2/y2 5 2 22 >
1% 15 312 7 3 25
111 20 15 4(]2 10 4 29 3
25 15 S/12 11 4 30
' 30 15 5/12 11 4 30
Pee. T 34 15 5/12 1 4 30 3
1 40 15 5/12 11 5 31 3
- 45 15 5/12 11 5 31
. 50 15 5/12 11 4 30 3
H 55 - 5/12 1 4 15
Jan 1 60 - 4412 10 4 14 1
) 65 - 3. T 3 10
11 70 - 2/12 5 2 7
1% - 1/12 2 1 3
. 30 - - - - - - ¢
I 35 ~
150 v 125 oo 50 ra 325 v 17T e



- Table YE-1' (2) PUDDLING ‘AND NURSERY WATER REQUIREMENTS
(CROPPING PATTERN ~ I, DRY SEASON PADDY)

May Jﬁne‘

T T T

S II1

— ~ |
\\\\\;;§urseryx3§:}ﬁu\\

_ Puddling Period

Puddling Water Requirezent

Puddling

- Puddl ing

Phase Period ©° Puddling Aréa Yaler ‘Area .
' (2ay) ' {maa) ‘
Apr. 1II 10 2/9 34 2/9
YII 10 2/9 33 4/9
May I 10 " 2/9 33 6/9
I 10 2/9 33 8/9
131 10 /9 17 9/9

Tatal 150 pm

Nursery Yaler Requirement

. Puddling Crop Consump-  Perco.

YI-42

Veighted
Phase Period VYater Index tive Use " lation Tolal Average
(day) {mn) ‘ {{zm) (ca) {wn) (ean)
Mar. III 5 17 1218 1 1 19 1
10 16 3/18 4 2 22
Apre 1 g 17 5/18. 7 3 27 2
i 20 16 7/18 10 4 30 3
25 17 9/18 13 5 35
g 30 16 10/18 14 5 B,
35 27 --13;18 14 5 36
- 40 17 10/18 14 5 36
May 1 17 10/18 13 5 35
11 50 - 9/18 13 5 18 - 9
55 - - 1/18 10 1 14
TR - s/i18 7 2 10 1
65 - 3/18 4 2 6 _
_ : 70 - 1/18 .~ 1 1. 2
June I .
Total 150 mm 125 50 ran 325 17 ram



Table VI-1'{3) PUDDLING AND NURSERY VATER REQUIREMENTS
{CROPPING PATTERN - Y1, DRY SEASON FADDY)

S

Apr, June ~ July

. . : Hay ‘
1 | 1 lV_I‘II W T A T T | 11

Puddling ¥aler Requivement

Puddling Puddling

Phase _Period  Puddling Area  ¥ater . Area
_ (day) (rm)
My 1 10 1/6 23 1/6
14 10 - 1/6 25 2/6
111 10 1/6 25 3/6
June I 10 - 1/6 25 4/6
31 10 1/6 25 5/6
111 10 1/6 25 6/6
July I 10 ' - - - '

Total . : 150 ma

. Nurséry Yater Requirement

. ‘ o . Puddling Crop Consump- Perco YWeighied
. Phase Period  ¥ater Index Live Use lation Total Average
(day) ~ {r=) {rn) (r=m) {rim) (en)
Apr. 11 .5 13 1/24 H 1 15 1
1o 12 /24 - 3 1 16 5
15 13 5/24 5 2 20 -
20 . ¥ 7724 7 3 22
May 1 o8 13 9/24 9 4 26 2
11 30 12 10/24 10 4 26 3
' 35 13 10/24 11 4 28
' 111 40 12 10724 11 4 27 3
15 13 10/24 1} 1 28 .
e 'S0 12 10/24 11 4 27 _
June 155 13 10/24 1 4 28 3
60 12 10/24 10 4. 26 S
11 65 : - 9/24 9 4 13 :
¥ 70 - /24 T -3 10
m- e . 5/24 5 2 7 1
: ‘ 80 - 3/ 3 1 4
July 1 o - 1724 1 1 1 o
’ 125 e 50 ma 325 o 17 cm

Toial 150 rn VI;§3



- Table YI- l (4) PUDDLING AND NURSERY VATLR RFQUIR}HFhTS

(1.0 HA ANEA OP KOMERING-I AREA, RAINY SEASON PABDY)

o Nov., L Déc. ;'; Jan,
1 | 11 !\IIII 1 [ o]
\\\\“\; Nursery-Perio
~

_Puddling Perio

Vi-44

.
S
\\
Puddling ¥ater Reguirecent
: _ : Pnddiing _Pudd!ing
.Phase ' Period Puddling Aréa Kater “Area
: (day) . {mm) _
Nov. 111 10 1/4 38 1/4
Pec. ¥ 10 1/4 37 24
¥ 10 1/4 37 3/4
111 10 1/4 38 4/4
Jan. I’ 10 . - - -
Total 150 agn
Rursery ¥ater Reguirecent
.Puddling Crop Coﬂsumpf;'Peico -feigﬁtcd"
Phase Pericd . Yaler Index  tive Use - lation Total Averape
. (Qay) (ﬁn) - " {oum) “{1en) (e} ()
Nov. 1 5 19 1/16 2 1 22 1
1o 18 3/16 5 1 24 3
15 19 5/16 - 8 2 29
ar 20 18 7/16 11 2 31 3
_ 25 19 9/16 14 2 35
30 19 10/16 15 3 37
Pee. 1 55 19 10/16 = 15 3 37 4
TR 40 19 10/16 15 3 £ Y A 3
45 - 9/16 ‘14 2 i6 -
ar o0 - 7/16 1l . 1) N
55 . - 5/16 8 2 10
60 - 3/16 5 1 6
Jan. L g5 - 1/16 2 1 3 0
Tolal_ 150 mm 125 e; 25 wm 300 ma 15 ©m



Tablc VI 1 (5)

PUDDLING AND NURSERY WATER RE VIR EMFNTS

(1.0 31A AREA OF KOMERING- I AREA, DRY SEASON PADDY)

_Mar:

!

Puddling ¥ater Requirement

Puddling

- Puddling
- Phase Period Puddling Area Yaler Area
C {day) {rm) :
Apr, 11 .10 2/9 34 2/9
N N 10 2/9 33 4/9
May 1 10 2/9 33 6/9
11 10 2/9 33 8/9
111 10 1/9 17 9/9
June 1 10 - _ _
Tolal 150 em
Nursery ¥ater Requirerent
. Puddling Crop . Consump- Perc¢o Yeighted
Phase = Period ' ¥Yaler Index Llive Use lation Tolal Average
f 0 {day) ¢ (mm) {ra) (ea2) {za) ()
Mar. III 5 17 1/18 1 1 19 1
: 10 16 . 3/18 4 ] .21
Apre - 1 g 17 5/18 7 1 25 2
TRy 16 7/18 8 2 26 3
25 17’ 9/18 13 2 32
T 16 10/18 15 3 34 ‘4
35 17 10/18 15 3 35
v 40 A7 10/18 15 3 35 3
Hay B o 17 0/18 1 2 33
I 50 - 3/18 1} 2 15 1
I o - 7/18 8 2 10 '
. 60 - 5/18 T H 8
L - 3/18 4 1 5 !
June 1 70 - 1/18 . | | 2 -
Tolal 150 rm 25 mn 300 mm 15 o
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Table YI-2 (1) UNIT IRRIGATION WATER REQUIREMENTS .

A Qr_opging i’al;teln - § [Raiuy Sezson Faddy)}

..................... ¢.—..-..---,-'--------l--~-.—--Cfﬁq'--v—o---.pﬂ—'n--’----d.--d'--'..—t--u.o—.&-b...'“
1 sov, 1 e, 1 Jﬁ"._ B _;FEB._ J. AR, 1 Aes,
11 2 ; S I 3}os o1 2 51 A A R L Y -

cqu INT, _ 0,08 0,25 0,42 0,S% 0,75 0,92 1,00 1,00 0.92 0.75 6.5% 0,42 0.2% 0,08

: -_;----.;-_;;_..-..-.._--..;----I-'-‘.-I.---_l-a---'..--.5&--.«.'--_ ----- AL L P S R P P P LT L L R
Kt VALUF ' CURL12 1,08 5,280 0,00 4,30 4,35 1,30 1,20 1,35 6, 0, 0, 0. O,
K YALUE _ e, V.32 1.18 1,25 1,31 4, S'iihl'f_ 1,30 1,20 1,95 ¢, 0., 0. 0.
<€ VALUE 00 0. 1.2 1,38 1,25 1.30 8,36 4,35 1,30 1,20 1,150, 0, O,
X WALUF 0. 0, 0, N B2 1,18 1,2% 0,30 4,840 1,35 5,30 3,29 1,15 0. O,
e vaLuE 0. 0. 0. B, 1,82 1,18 1,25 .30 4,56 1,35 3,30 1.20 1.15 0.
ke VALUF 0. 0., 0. 0, 0. 1.32 $.023.25 1,31 1,363, 35 1,391,200 1,45
AvERRLE K[ ' DRa2 0,15 4270 1,23 1.25 1,27 1,29 1029 1.29 ¥.28 1,26 4,23 1418 1,45
EVARASTEANE LY, 41, AS. KDL 40, 44, 63, 81, 33, &, T RWL AR, 6n, e,
PESC. LASS A&, k%, 56, &%, S0, 56.° 5%. 33, &2, %6, - S8, 60, 52. 51,
Prc, (oSS ) 20, 20. 22, 20. 20, 22, 26, 20, Ve, 20,120, 22, ¥, 2a,
EFEECT,FA4n ' €9, k4. &3, &3, 38, - 3, 27, 39,0 32, 37, &S, &2, &5, 33,
sur-10T14 _ 2. B, 6, Y5, 2% 38, &6, 35, 24, 32, A, &, 7, 3,
NUFSARY %, 1. 2, 3. 3. %, 3. i, 1,
puspLING ¥, 0. O, in, 34, 33, .33, 30, o, o

Ceamw pEaL . 1. 2. 33, 35, 39, &7, Aa, 25, $a, k4. M. 24 30, 3. M. 7, 3.
19E. KE0L 2. &, 45,69, 26, 2. 9. 49, 74, 90, &2, &3, 5%, 35, 32, 13, &,
HEET W.REC, A4.02 0.03 o;éi 0.RC 0,85 1,07 1.05 0.57 0,22 1.0% 0.75 0,56 ¢.6¢ 0.t0 0. 17 615 o.07
.\.. Cropping Pattern — § (Dry Season Paidy)

I “RQ, t APR, 1 “ay 1 JUAE H Jur v [ 11198

t 2 3ot ? 3 o1 ) o ? [ ? 3 o0 ?
e o e e e maiareiaiebaesbesebamceomeidiesiea—a- T e imemmmm——man .-
CE0P InT, 0.10 0.30 0.50 0.70 6.90 1.0% 1.00 0.9 0.70 0.50 9. 50 ¢.10
T waee TR 1T 1,48 1,27 1233 1,36 1.30 1.20 1,15 0. 6. 6.  o.
KO YALUYF. S0 N N3 1,18 1,27 1,33 0,38 1,30 14,20 1,450, 0, 0.
XC ¥ALUE - 0. 0, 1,13 4,18 1,27 1.38 1,36 1,30 1,20 V,15 ¢, o,

- XE YALUE cB. 0. 0. VN3 1,8 1.27 4,58 6,38 6030 1,20 V.35 0.
xe vaiug ‘ 0o 0. 0. O, B,H3 1,38 1,27 1,33 1,36 1,30 1,29 4,45
BVERAGE rC L N3 118 21 .26 1,27 1029 1,29 1.22°0.27 1,23 1,38 1438
EVIFR-1RANS ‘ Re, 42, &2, R4, 39, 39, 39, 41, AN, &5, €5, &S,

" ConsurPLUSE : 50. w9, Sh. ST, 49, 30. 3. %3, 32, 4. 3. 52,
PERE, 1053 29, 20, 20, 27, w0, 49, 4D, 40, &9, &&, &0, 49,
EFSECT_EALY _ 29, 23, 25, ..M, 1. %\, %, &, . 1, A,
SuB-T0TAL o S. WL 23, k&, 70, B, MO, 9. 60, A5, 28, &,
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fable VI-7 CALCULATION OF DESIGN DRAINAGE
DISCIARGE FOR MAIN DRAIN

" Rational method: @ = 0.2778 x £ x r{ X A

= stream runoff (ﬁ3/§éb)

4 0.79

Vhere 0
f - runoff coefficient (0.5) o 2
ry = hourly rainféll'(mm/hoﬁr)j ;%% ¢ (%% 3
¥24= 24 hours rainfall (em/day)
= 129 mmfday (return period: 10 jears)
Te = Lag:timé (hr);'bfﬂ-
g . 0.6
Vo= 72 (—E*) . |
h = height difference belwcen upperLEOSt ppint‘énd cbﬁpulation
point of Stréam_ o ' '
L - stream ﬁisianéé {km)
A = ca{chment'areé.‘(kmg) . :
Stalion b A h_ X Te L TL g
T (k) (ka?) (@) (kn/br) o (br)  (em/br) '{E’%IJ
Belitang Maia Drain o ._ . _<
. BS-0 2.5 11.5 - - - - i 9_él‘
BS-1  10.9 31.8 - E - - 2 L
BS-2  15.1 433 - - - - el
BS-3  18.7 52.6 - - - - ety
BS-4  25.9  120.9 19.2° 0.95 -27.2 4.9 83
BS-5  27.7 . 145.9 20.9  0.96  28.7 4.8 97
BS-6  31.9  165.7 23.0 0.9 34.0 4.3 98
BS-7T  43.9.  205.5 ©29.6  0.90  48.7 . 3.4 96
BSIS  51.0  243.7 33.4 088 S7.8 . 3.0 101 |
BS-9 619  261.2 37.5 0.84 3.3 2.6 9 (1opf2
BS-10  81.1°  328.7 47.8  0.83  97.6 2.1 96 (o2
BS-11  97.9  361.0 53 : 123.4 1.8 w0 (idljli
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L

Slﬁbion
' km}
Macak Main Drain
M350 4.0
MS-1 13.6
MS-2  22.6
MS-3  34.6
M&-4 50,2
MS-5  67.0
HS-6 76.0
MS-T '

88.0

A

(km?}

10.8

'58.3
86.3
179.1

“255.6
328.1

373.6
406.9

Lempuing Main Drain

LS-0
- 51
1s-2
183
LS-4
LS-5
1S-6

0

5.0
10.0
15.0
20.0

27.0

1,191.0
1,216.0
1,223.5
1,242.5
1,287.5
1,298.5

1,309.5

h .
)y /ey (he)

27.8
34.9

- 43.2
6.1

51.5

54.0
55.5
57.0
58.5
60.0
61.5
63.0

v

1.00
¢.92
0.88

0.85

0.83

0179

0.78

0.77
0.76
0.76
Q.75

" 34.6

54.7
6.4
39.9
106.4

124.8
132.8
1469
149.1
157.3
165.5
167.4

rt=

(mm?hr)

4.
3.
2.
2

2 .
1

5

2

2.0

I R

WO ml o~ 80

. .
W

=

65
105
110
113
116

113 (116)42

296
290 (296)£§
280 (295)1g
274 (296)L2
274 (296)/2
267 (296)13:
268 (296)13

illz These figures are compuled by:
Q= Area x 7.5 [/sec/ha

.[gs Design discharge al each statlion.
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Table VI — 8  ECONOMIC COMPARISON ON INTEGRATION OF
INTAKE OF BELITANG PROPER ARFA

C(Units  US3)

A. Cost Estimales

Case — 1: Diversion from Kurungan Nyava existing intake

1. Comstruction Cost of Related Pacililies = 2,415,000
{1} Aqueduct on Komering-1I North Main Canal ' 315,000
" for crossing of the Belitang Irrigation
Canal '

{(2) Diversion weir ' : S - 2;100,000

2. Annual O & M Cost’ - o 121,500
(1) O & M cost of rélated facilities AN _ 12,100

(2) Dredging of the Belitang Irrigation Cenal 115,400

Case — 2: Diversion from Korering—I Canal Syélem_

1. Construction Cost of Related Pacilities ' 8,218,000

(1) Diversion structure on Koteving-T North Main 169,000

Canal for Bélitang Irrigation Canal

{2) Closing and crossing siruclure of Belilang 49,000

Irrigation Canal

(3) Al]bcated cost'qf'Komeriﬁg—I céﬁal syStéh .3,6705000
(i) Meadvorks C(2,470,000) |
(ii) MHeadreach © (1,100,000)
(iii) North main canal @ _(lQﬁ,OOO)
{4) Construction of ﬁiéro hydropover station . 4,330,000
(i) Civil vorks " (440,000)

(ii) Generating equiprent (25490;060)
& Mechanical works o
- (iii) Transmission line  (1,400,000)

{to be continued)
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2, Annual 0 &M Cost

(1) 0°&H cost of related Facilities /1 19,400
(2) 0 & M cost of facilities for hydropower ' 41,100
B. 'Annual'Eauivalent Cost
Case - 1
{1} :Increméntal capital recovery cost of
related facililies L2 _ 197,400
{2) Annval 0 & M cost . 127,500
Total 324,900
| CéSe -2
(1} Incremental capital recovery cost of ' 699,300
" related Facilities 12
(2). Annual 0 & M cost : 60, 500
| Total 759,800
C. Annugl Benefit frdm Micré Hydropower H
(1) Capacity value ' 247,800
(2) Energy value | 90,200
(3} Annual benefit- ‘ 338,000

FARE Annual © & M cosl For civil vorks; 0.5% of direct construction cost,

for equipment & mechanical vorks; 1%

Capital rccofery factor for civil vorks;:0.03174 (50 years, i=83%) for

T

‘generating equipzent and rechanical works; 0.08883 (30 years, i=8#)

=
"

Refer to Table VI — 10.
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“Fable VI ~ 9 ' ECONOMIC COMPARISON ON'INTEGRATION OF
- INTAKE OF MUNCAK KABAU AREA -

(Unit: US$)

A. Cost Eslimate

Case - 1t Diversién from Muncak Kabau‘PropOSQGElhtékeESite

1. Construction Cost of Reléicd Pacilitiés_ o __2i730;060.
(1) Divefsibn weir | _ | _ B 2;650,600'

(2) Intake sirucluré and éettlihé basin - _ 965,000

(3) Headreach | _ | :165,600

2. ‘Annual O & M Costi | '93|8°0
{1) O & M ¢ost of related structure yAN - iS;?OQ

{2} Predging of séttiné:basin‘ _ .: . 74;900

Case ~ 2: DPiversion from Komering-I Canal Systen

1. Construction Cqét:of Related Pacilities o 7.921,000

{1} Connecting channel ffbh'KOEerihg—I

North. Main Canal ‘ - 1,964,000
{(2) Allocated cost of Komering-I canal sys{em _ 2,231,000
(i) Headworks (1,5?0;000)
{ii) Headreach S (560;006,
(iii) North ¥ain Canal . (iox,bbo)
(3) Construbtibn_of micfo hydr0pover:éiéii0n‘ . | 3,726,000
(i) civil vorks  _ (396,000) |
.(ii) 'Genérating equipzent & '
' Mochénical works  (2,160,000)
(iii) fransmission line (15170;000)

 (&6 be continued)
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2. Apnual O & M Cost

| 56,300
(1) 0O&M cost of related facilities 21,000
{2) 0 & M cost of facillt:es for hydropower 35,300
{i) cCivil works : (2,000)
(ii) Hechanical & electrical
facilities (33,300)
8. gépualiﬁqyiValeht Cost
Case - 1
(1) Iﬁcrémenta} capital recovery cosl of _ 309,000
related facilities
{(2) Annual 0 & M cost 93,800
Total 402,800
Caée -2
{1) Ycrezental capital recovery cost of
- related facilities [2 671,100
(2) Annual 0°& M cost 56,300
Tolal 727,400
: . - 0
C. Annual Benefit from Micro Hydvopower
(1) Capacity value 208,000
(2) Energy value 69,300
(3) Annual benefit 277,300

Annual 0&N cost.for civil vorks; 0.5% of direcl construclion cost,
l‘!

~

for cqu:prent and rechanical works

Capx{at recovery faclor for civil works; 0.08174 (50 years, i=8%)

S

for gencraling equigcenl and wechanical works; 0.08883 (30 years, i=S8§)

/3 v Refer lo Table VI - 10.
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Table VI - 10  ANTICIPATED BENERIT FROM MICRO

HYDROPOVER GENERATION

Generating Quilput and Energy

{a) Effeclive head _ 5 n

{b) Available dischafge : ' 20 ﬁ3/sec
(¢) Generating oulputs 730 k¥

(@) Load factor _'_0.6

{¢) Enerpgy 4,100lMVh/year

Capacity Yalue {k¥ value)

(a) Alternative cost of diesel i
engine-generator plants 858,000 US$

‘2-{d) + 3-(d}

~ Belitang Proper.

Muncak Kabau

T m o
11 mjlscc
600 k¥
0.6
3,150 Mvh/year

| 720,000 US$
{b} Annual cost of plants 43 76,200 USS 64,000 USS
(¢} Annval 0 & M cost /12 .17],700.US$ 1441500 Us3
{1} Annval capacity value 247,800 USS 208,000 US$
Energy Value (k¥h value)
{a) Fuel cost . ' 0.072 us3//
(b) Puel consumption 0.3 f/k¥h
{c) Puel cost per k¥h , 0,022 US$/k¥h
{d) Annual energy value’ 90,200 US3 69,300 Us3
Annual Anticipated Benefit 338,000 US$ 277,300 UsS

20% of the alternalive cost

VI-66
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Table Vi-11 GENERAI, FEATURES OP IRRIGATION PACILITIES

[. - JoinL'FaéilftieS'oh Full Develo

Kabau, Lempuing and Tulangbawang arcas

1. Dam and reservoir

paent Stage for Komering-I, Muncak

Ranau Komering Muaradua
o - Dam No.l BPanm BDam
(1) Catchment aréa {(kn?) 508 1,056 2,866
- (2) Annual mean discharge {n’/sec) 18.5 46.9 139.3
.(3) Reservoir
~ H¥L, (EL, m) 542.3 420 140
- L¥L (EL, m) 540.7 395 132.5
- Grbss.Stofage capacity
(10% o) 200 175 320
—_Effeéiive:élorage cépacity
(10% n3) 200 120 150
.‘(4) Dam
- Type Concrete Rockfill Earthfill
gravily
— Height (m) 15 85 ‘ 30
-~ Crest length {(m) 84 380 600
- Dan voluze (103 n3) = Con. 8 2,000 1,300
2. Perjaya heédworks anl headreach
(1) v¥eir
~ Crest elevation : EbL. 79.30 n
- — Length of fixed weir portion :='171 &

- Size of gate (B x H}

. {2) TIntake slructure
- Design intake capacity
~ Size of gate {B x H)

"

17.52 x 5.4m) 2 sets

115.9 md/sec

7.0 x 4,00 x 8§ sets

VI-07
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(3)

€)

(5)

Diriving channel

- Type of cainal

- Base width
~ Length

Settling basin

— Type of desilling

- Size of basin (Width x Length)
- No. of basin

- No. of gate

Headreach

- Type of canaf

-~ Base width

~ Length

— Bifurcation struclure

Kozering-I norlh main canal (BP-EP)

- Type of canal
= Length

- Relatéd:éLrUcture

Kbmering—l south main canal (BP-70.11)

- Type of c¢anal
tength

f

Related siructure

Bifurcatién structure

-

"

e

[y

-4 1

- e

trapqioiaal,

coner'ele lining

'17 ]

gravitationally
flushing-out |
40.m X 3I5n
5 nos. '

5 x 12 sels

trapezoidal, unlinéd
Sﬁ‘m ‘ '
8 km

"1 no.

' irapozoidal, unlined
50 km
- 97 nos.,

irapezoidal, unlined

18 kn

18 nos.

-1 no.

VI-63

- (to be contimuied)



II. Irrigation and Drainage Pacilities in Fach

1. Komering-I areaZL

(1) “th‘irrightion area

(2) Maxiium diversion vater requirements:

(3} Perjé}a'hqadvofks hnd.héadreach

{a) VWeir
(b)  Intake
- Design intake capacity
- Size of gale {B x H)
- {c) Driﬁiﬁg channel
- Type of canal

~ Base width
-~ Length

() Setiling basin
~ Type of basin

¥=Size of basin (widthx length):

".No. of basin
© ~ No. of gaile
(e} MHeadreach
- Type of canal
_ Base width
- Length
- Bifurcalion struclure
{4) North rain canal
- Léngth

- Relafed structure

{5) South main ecanal
- Length of canal

- Relaled structure

.
1

Developinent Area

36,700 ha

50.3 m3/sec'

50.3 m3/sec

Tm x 43 x 4 sets

trapezoidal, concrele
lining
6.0
1.6 ko

gravitationaliy
flusﬁing—dut
40 nx dm

2 nos.

2 x 12 sets

trapezoidal, unlined
24 m
8 km

1 no.

50 kn
97 nos.

7% Km
93 nos. .

. ﬂg

The Peasibility Sludy of this area
wvas made by JICA in 1931.

YI-69
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2.

(6)

(7)

(8)
(9

{10)

Pisang sain cbhal

- Length of camal

~ Related struclure
Secbndary canal

- Total length

= Related siructure
Tertiary canal

~ Total length

Drainage canal
- Total length

Land reclamation

= Land clearing area

— Laid levelling area

Muncak Kabau area

(1)
{2)
(3}

Net irrigation avea

Maxieum diversion waler requiremenis:

Intake facilities

- Type

- Design intake capacity

~ Intake water level

- Size of gate (B x H)

- Location of seiting basin.

~ Size of Séttliﬁg basin

{Vidth x Length) .

- Sizé‘ofiga{e of séttling basin

(B x H)

-

.

-

. 13 ki

21 nos.

237'km
774 nos. -

880 kmn

1,440 kn

16,330 ha

10,700 ha

13.7 o°/sec

Free intake with

: oférflﬂw;type diversion

veir
13.7 h3/$éc
EL. 61.5 n

2.0m x 2.0 m x 4 sels

Inmédiately downsiream

of inlake structure
QH'm'x 360@

2.0m x 2.0 m X4 nos.

Vi-10
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3.

(1)

- (5)

(6)

(1)

(8)
(9)

(10}

Bast main caﬁal

~ Design discharge at the head
= Length of canal

~ Related strhctupo

Nest main canal _

- De;igngdischarge'ét'lhe head
- Léﬁgth of canal

- Related structure

‘SeCondéry canal

- Tolal length

- ﬁela(éd:structure

Tertiary canal
~ Tolal Icngth

Drainage canal

- Total length

Flood.prbtectidn dike
- Length '
Land reclamation '

~ Land clearing area

"= Land 1efé!ling area

Lempuing avea

(1)
(2)
(3)

()

Net irrigation area

(13

£Y)

[T

Maxioum diversion wvater requirements:

Main canal

= Length of canal

-~ Related siructure

Secondary canal
~ Total length

= Related slruclure

L1}

11

13.7 mglsec
37 km

406 nos.

2.1 m3/sec
11 km

11 nos.

90 km
323 nos.

268 km
380 km

13 km

6,440 ha

8,400 ha
13,100 ha
16.8.m3/sec

41 km
79 nos.

31310 knm
403 nos.

Vi-71
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4.

{5}

(6)

{7)

(8}

Tertiary canal

- Total leingth

‘Drainage canal

- Total length

Flood ﬁro(ectioh dike
- Length ’
tand reclamation

~ Land clearing area

~ Land levelling area

Tulangbavang area

(1)

@)

(3)

(4)

{5)

(6)

(n

Net irrigation area

Maxirum diversion wvater requirements

Main canal

- Length of canal

.~ Related struclure

Secondary canal
— Total tength

~ Related structure

Tertiary caral

- Total Iength
Prainage canal

- Total length

Land reclamation

- Land‘clearing'aféa

- Land levelling area

e

'

[

-

L1

" L1} .

.-

N5 ki

460 km

3

11 km

4,380 ha

8‘600 ha

4"'500 h.a .

48.é'm3/sec

91 gm

176 nos.

447 ke

“14,910 nos.

15335 km
1,760 kn

19,300 ha
44,220 ha

VIq2
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Flg VI-6 SCHEMATIC Flow CHART FOR WATER
BALANCE STUDY

'QK..':Q' _Q'a=‘Qp<"+Q'z-

gl [ papya Headworks .

[bae oe-amtautas
- - Q3 =25 m¥sec)

“To Tulangbawang _area

Komering-1 | ¥

] Kuiungan * Nyawo  Intake

5 | Munmk Kobm Inioke :
Q3 03~QL+Q4—*Qm
- {Qa 2 Zﬁm”/sec} ;

Lempuing

Brea.
2

Lebak(ﬁZOOOha)
a Qq" 03+05 01*-09
L Qs 25m¥sec)

0 Qe s Qk +Qn4+Qe )

Lempuing: . River -

"QB:

Lebak(24000hol

| :'LEGEND o Qs 25m’/sec
+  Minitnum Rwer flow | |
W : ioigotion Water |

| @ ¢ Retun  Flow
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Flg V-7 SCHEMATIC LAYOUT FOR ALTERNA
ON_ INTAKE SYSTEM' OF Bl AR E pSTuOY
AREA” AND_MUNCAK KABAU "AREA

L ——
=

Overfion — type -
Diversion wiele | | MUNCAK KABAU AREA
& tntake e ————
3 Structure . N -
4 IR - . 10,700 ha )
: . (v ] _
51
3 &«
= KOMERING-1 AREA
3 4 o -
(oo
_ ; [_éELTDANG PROPER ﬁ_}
g|  Overfiow-1lype - | Area |
Di\_'éfSiOﬁ Weir :)c: T e :::’::::::.._—_':: :'_::._—_:::I
_ 2 : _
3 __@ { { 20600 ha ) |
g _ -
¥ .
£
&
i
" Soulth Main Canol
&
| 8
o L : § Mi¢ro— hydropower Stalion
- Perjayo i T Belitong A ‘
Headworks . _ Proper - Munodk Kabau
I.  Effective head 5 m 7 m
_LEGEND 2. Avolbk discharge 20 m/sec 1Y o /soe
=== ! Proposed Canal System 3 Generating Outpuls 780 KW 600 KW

| == ! Existing Conal Sysiem

~ee= § Altesnative - Canal
Sysiem

4. Annval Energy 4,100 MWh 3,150 MWh
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 Fig. V- 11 IRRIGATION DIAGRAM FOR THE DEVELOPMENT AREAS
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Flg vi-13 GENERAL FEATURE OF INTAKE STRUOTURE o . |
" FOR THE MUNCAK KABAU AREA L Mok o
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Fig. VI - 14 TYPICAL LAYOUT OF TERTIARY SYSTEM
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ANNEX - VII

POWER DEMAND AND ‘SUPPLY

GHNERAL

Accordlng to the Comprehensive Study Report (hereafter abbreviated

as the' CfS. Beport), there bas been conceived a developrent of four

;hydroe!éctric schemes on the Seclanbung River, named from upsiream,

the Rdngu, Komering'No;'l, Komerihg No. 2 and Muaradua. Toial head

‘of 426 m'betveeh the Lake Ranaw al EL.542.0 m and the Muaradua dam
site. and the runofi of 4, 100 mnlllon n3 per annum would be harnessed

lo produce 1 004GHh1un‘annUﬂ through 1nstallat30n of 251 MN in the
total:

_The.servicés this tize in the pbﬁér sector have been to up-datle
ihe pow?r mérkéi-Survey énd review lhe exisling hydropower developmenti
schemes on lhe basis of findings obtained from analysis of all available
: daﬂa-inclﬁding those collected newly through such field survey as
rec@hnaissaHCe?npreliminary geologic exploratien at the strategic areas,
,clevatfon cheéking survey along the Selabwng and lopo-survey at all the

.dam and: power station sites.

"As ‘a result of present power market survey, the Followings are

outlined, though it has Leen still al the preliminary slage:

(a) Total existing installation in the surrounding areas of the
pfojeét inciﬁding the South Sumatra, Lamspung, Bengkulu and
Jambi provinces is 296 M¥ oul of which 110 M¥ is operated
by the PLY and 186 MV is run privalely.

(b} Powéf demand will reach a lével of 442 MY in peak load and
2,327 G¥h' per annua in enérgy oulpul in total by the year
11990.

{e} PLXN has a plan in the said areas (o build one unit of 20 WX
gas lurbine, four units of therzal generator (230 M¥ in total)
and lo construct five hydroplants (145.9 M¥ in total) by
the year 1990,
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In such circumstance of the power mavkel in (he surrounding avea,

the power lo be generated al any one of four stations under sludy is

considercd to be absorbed inte the rarket.

The rindings from lhe reconnaissance, ground survey and elevation

éhécking survey bave revealed some modificalion in'the scale of the

pover schemes as follows:

" Ranau

Komeiing Komering

£

{245)

. ltem: - Xo, 1l No.2 - Muaradua Tolal
Installed 83.7 108.0 35.7 23.8 231.2
Capacity (SV) (18.3)  (81.9)  (52.2)  (31.2) {216.6)
‘Annuial Encrgy 151 aT4 230 149 1.001
Product (G¥h) (129) {470) (236) (1,170)

Noter

} shows tﬁdsq in the C.§. Reporl
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Y. POWER MARKET SURVEY
2.l: Genqrﬁl

During the survey period, the dala and inforration on'powér'ﬁarket

and supply such as position of Resion 1v in the social and industrial

de\elolﬂcnt, prospected moeverent of populatlon, targel of Yiving standard
and overall’ ‘plan of pover developrent are collecled rainly from the PLN
Resxon IV Office, PLN Provinéial Offices and other offjces concerned.
P;ocesslng of the data and information thus collecled was rude sub-
;,equcntly.

The extent of possible market of the Koriering hydropower has
1ncluded ‘the whole arcas of Soulh Suratra, Lanpung, Bengkulu and Jarbi
P:o\nnCes where the pudblic pover supply is rade by PLN Region IV {(nared
Yllavah 1w Pelusahaan Urum Listrik Negara}. Fipg. ¥Il-i shows the organi-

zation slructure of lhe said managerent.

Table VII 1 shovs an invenlory of hydrepower scheres listed up in
and around lhe rarket area so far contenp]aled The lotal potentials
-are eslrmaled ‘at more than 7€8 MY in the installed capacity and 3,670
G%h ;h'the annual produclion. Among then four hydropover scheres
incorporaled in‘{ho'Upper Korering Basin Developrent would share a
sighifidénl'par( of a5 much as 25} MY in the installaiion and 1,004 G¥h

in the annual production in tolal.

The present imstallation by the PIN in the area is aboul 110 X
in ihc tolal capacitly as shown in Table VII-2, vhile those by the
Ivivale seclors ‘such as the Pertamina, Pusri and many srall faclories

arc al abiout 187 MY as shown in Table VII-3 and —-1.

2.2 Power Stalislics

2.2.1 ‘Oulline of Poyor Systen

In Palembang, the biggest cily in the area, PLN operates the 70 KV
poxer syslem ineluding four powver plants of stean and gas {urbine and
diesel engine génolnlors, for vhich total installed capadity is

71,032 KW, The present pover lransmission syslen is shovn on Fig. VII-2,
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