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1. GENERAL METEOROLOGY

' Thé'atmospheric condition in the project avea is tropical im
nature having high temperature of 23-28°C which is conducive for

crop cultivation throughout the year,

An. anmual rainfall in the service'area is about 1,800 mm, of
which about 1,100 wm tq.l;iﬁﬂ mm is concentrated during the wet
season, between June and November, with less rainfall.in dry season.
The raiﬁfall in wet season,. however, fluctuates and could not meet
the water requirement for paddy plantation. The rainfall in dry
'season, in . contrast, is'absolutely insufficient to cover.the water

reguirement of the paddy. .
Typhoon visits two to three times a year mainly during the
~ period from October to November, bringing some damages to paddy

plantations.

-Climatologic characteristics by season is summarized as

follows:

- Annual average temperature varies from 23°C to 28°C with
the lowest mean temperature varying in the range from 10°C
to 15°C in February.

- Relative humidity varies from 50% to 65% in dry season,
and 70% to 807 in wet season. '

- Evaporation rate shows 144 and 143 mm/month respectively
in dry and wet season.

- Wind speed is moderate in the range of 100 to 150 km/day
throughout a year, except the typhoon season.

2. RAINFALL

(1) Rainfall in Service Area

Rainfalls in the service area have been observed at six

'hydro“métistatiohs for the period of nine years since 1977 up to

A-1



present. Some data are not con51dered ‘to be relldble, mainly due to
poor maintenauce of the observation equipmeuts as well as. lack of
personnel in charge of ohservatlon works.. During the course of the
study, automaLic recoxdlng gauges were installed. at the sites of
Santiago, hagbacala, Bagong Buhay and Malassin in distriut 1, 1I, 1T
‘& 111, respectively.

Rainfall record collected f10m Ilagan, whlch is 1ocated nearby_
the northeastern corner_o£ the service area, 11ntains a long~te1m
daily record of rainfall for 26:years'frqm 1961 onwards. ‘Since the
hydrelogical analyses are'té be baséd'bn-tﬁe:statistical : .
consideration of the long—term histofiéal_record, the Tlagan
rainfall was employed as a_bésis maihly for estimafing seasonal
vaiiation:of effective rainfall which eéﬁld be ekpected in a

standard dry year. .

The rainfall in the servicg_area'is, in general, well
distributed throughout the wet months from July to October, and less
‘distributed in the dfy months from November to June., However as
seen in Table A-1, seasonal and annual fluctuation of amount 6f.

rainfall ic remarkable.

tnnual rainfall ameunts to about 1,800 mﬁ, of.which.l,LOOIto- 
1,200 -uiz is concentrated during September to November. Since fhe
area receives insufficient rainfall during the initial sfage'of'wet
season paddy cultivation, the_Wet'seasdn'crdpping accordingly
requires SUpblémentary irrigétion water, .On the other hand,
rainfalls in dry eeason are absolutely 1nsufflcient to maintain
paddy and upland crop farmlng, so that dry season cropping requltes

a large amount of irrigation_water to be supplied.
(2) Rainfall in Reservoir Area

- Annual average rainfall in ﬁhe Magat xésryoif Waﬁetshed=is

reported at 1,650 mm and 2,290 wmm at the damsite and Consuelo



station'respectively. Tables A-2 and A-3 present monthly rainfall
_ observed'ét both statidné. As is clear from the tables, monthly and
" ‘annual variation is remarkable resulting in the big fluctuation of

the runoffs in the Magat river.
3, RIVER FLOW

Wafer sources of the MRIIS area are flows of Magat river, Siffu

river ‘and refurn flows of Macanao and Minante Creeks,
{1) Magat River Runoff

-Magét fiver, at the dam site, has a watershed as large as 4,143
"sq}km_gbmposed of that of three major tributaries of Alimit, Ibulao
and Métuno; 'Annuél'runoff is 6,550 MCM iﬁ average and 3,300 MCM at
.ﬁiﬁimum in 1983, Monthly river flow, as shown in Table A-12,
indicates remarkaﬁie change in a range of 700 -~ 1,500 MCM/month in
wet season and. 50 - 300 MCM/month in dry season. Such river flow
™ay efféctively be utilized for dual purposes of irrigation and
hydropower.generation, only with neat control of water release from

the Magat reservoir.

Tt must be noted that runoff from the Magat river.basin depends
largely on the storm rainfalls caused by a typﬁoon during July -
September.' Arrivals of typhbohs are 3.5 times/year on average with
much variation by year and month. Freguency of arrivals and their
time-interval inmevitably influence vunoff patterns of the Magat

_river.;

(2) Siffu River Runoff

.. Siffu fiver, at Siffuris Diversioh dam site, has én watershed
'0f3627'sq.km with 880 MCM of annual average runoff and 290 MCM of

Cannual minimum ronoff. Monthly runoff, as shown in Table A-13,

indicates remarkable variation as well as in the Magat river.

CA-3



(3) Daily Runoif

Daily runoff of the said two rivers has been coll?ctéd”or
génerated for examination of water balanée of Magat reservoir, Déta
collected are those during i953]-'1985 except three years 1973 -
1975 during which no observation is available. Daily runoff during
the short terms of no record has been supplemented an& completed-in

the following manners.

- Magat River Runoff

Period Staticn (Watershed) Supplementation
1953 - 57 Oscariz (4,150) area tate &,Y437/4,150
1958 ~ 61 Damsite (4,143) by NIA Operation Study
1962 ~ 64 Ogecariz (4,150) area rate 4,143/4,150
1965 ~ 67 Bato - {1,784) : - do - 4,143/1,784
1968 - 69 Taliktik . - do~ . |
1970 - 72 Damsite (4,143) by NIA Operation Study
1976 - 78 " o - do - '

1979 ~ 85 " : : "NIA MRMP Hydrolog. Sec.
' Data

$iffu River Runoff

__Period . ‘Station (Watershed) _ Supplementztion

1953 —~ 1956 funos ( 686)  area rate 627/686
1957 - 1958 Malig ( 583) = do - $27/583
1952 ~ 1972 Munos { 686) - do -~ 627/686
1876 - 1979 Magat River (4,143) - do - 627/4,143

"in consideration of
areal rainfall ratio

1980 1985 Damsite { 627) NTA District I1T Office

§

Daily runoffs thus supplemented ave adopted for computer data

processing in the Magat reservoir watey balance simulation.

{4 Keturn Flow

Return flow from Macanao Creek, the flow of eXcessive
irrigation water from the area along Lateral A-2 canal, is estimated
about 5.0 - 10.0 cu,mfs,  The flow is used at places along the creek

by weir to irrigated downstream area therefrom,



MONTHLY RAINFALL OBSERVED AT ILAGAN
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TABLE A-6. MONTHLY MEAN MINIMUM TEMPERATURE

STATION:

YEAR
19&5

957
1968
19869
1970
1971
1972

07
%553
1975
1976
1977
1973
1979

19460

1981

1932

1983
1934
1955
MEAN

—

TLAGAN,

JAN.
21.5
15,8
18.¢

i6.
12,
15,
14,

et =
iy =]
e N Rel]

146.7

TABLE A-7.
STATION: ILAGAN, TSABELA

YEAR
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19635
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1971
197
1973
1974
1975
1976
1977
1976
1979
1930
1931
1982
1963
1984
1985

MEAN

— o

JAaM,

e e

™
L
Ll G

5]
£
b e B D TN C':ru:)l"‘il:c- e

(W)
o L = (ol £ o P D el o0

—
-1

st
—
D o o b et L] U G o S =

h.
~J
E O AN

FEE.

SABELA

MONTHLY MEAN

MAR.

MAY  JUNE

SRR,
o a7
23,1 23.4
P -
22 -
53 )
[ Pl
':l":?' -E:
pal
b 5
20,2 20
o 5
ey e
73 7.
Ly

20, ;
24 P

20 19
2 20
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25.8 23
23 24
23 23
22.8 23

21.8 21.7

 TEMPERATURE

may  JUNE

o 7 i e

28,5 29.7
29.6 -
29.5 29.1
0.7 28,5
Zéd.7 Z3.5
25.5 28.3
29.3 29.0
30,00 29.6
27,8 Z7¢.5
23,5 26,1
2.4 28.3
271 25,9
26,1 25.5
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TABLE A-8. MONTHLY MEAN MAXIMUM‘TBMPERATURE‘
STATION: TLAGAN, ‘“ﬁEELﬁ UMIT: €°
YEAR JAN. FEB., MWAR. APR. MAY  JUNG JULY AUS. SEF. OCT. NOV. DEC.

ek B vt 2 s - i m g e e [P — — e 2 v o - — .

1266 31.0 34,1 34.7 37.9 33.9 36.0 33.9 3§}9 34.3 33.4 0.1 9.1

1967 &R 87T 3200 35.1 3809 - 39.7 3.1 34,1 309 30035 2? 4
1964 25.4 30,4 341 34,7 366 35.9-35.4 33 V34,2 32.3 - 30.7
pRA o= 206 3406 02505 36,8 )5 30035.2 395.&6 34,86 33.3 9.2 26.9
1970 Qr G 0.6 347 3601 37,2 36,8 36.4 34.3 32.5. 31.2 293 2904
I?Z} .Lg 0 &8.3 31.95 35.2 34.8 34, 33.9 35.86 33.9 31.0 290 dV.4
1?25- c@.8 3201 3007 Z4.9 36,6 35.9 4.7 34.3 34,2 34,9 32.3  30.4
%EL? . gl.? 33.2 343 36.%' o 2 33 % 34.§ 54.3 34,1 32 ! 3g 3 27,8
14 27Ul 30, Se.7 . 3 3.0 35.0 36.9 34.7 33.9. 52 0.0 29,
1975 Za.5 3009 33090 35.1 34,9 33,2 30.9 3401 fi.? 33.1 ES.W '27,%
1976 Sb.4 296 32.5 35,8 34.7 33.0 34.9 34.9 30.5 3I2.4 @91 27.9
1997 @94 275 3207 2603 34.1 3406 33.3 4.5 32.7 31.6 E8.9 8.2
%g;g §§.§ gg.g 36,0 36,5 34.3 31.4 35.0 31 3 31.7 31.1 29.4 3@;3
21 S0.6  35.3 - - - - - - - - 32.3
1930 39,40 32,3 3308 33,9 364 36,6 35.2 35 ? 33.9 33.9 30.6 27.3
19431 6.4 30,9 33.9 37.1 3v.4 36.4 3501 359 3404 3 3.2 2v.l
1932 30.3 30,9 33.8 343 335 36,6 36.2 36.8 34.6 34,0 33.2 351.1
1963 28,6 32.4 34.7 3606 - = 37, 3 - 34,1 30.2 Z9.4
o 1984 0.2 328 3309 35.7 38.0 35,2 51.9 44 2 34,8 30,3 29.% 256.8
1985 26.5  31.5 32,1 3.2 - - - - -
MEAN 9.9 31.0 33.3 347 35.4 35.3 34.5 34.5 33.8 32.9 30,1 8.9

TABLE A-9. MONTHLY MEAN RELATIVE HUMIDITY
STATION: ECHAGUE, ISARELA | | UNIT: %
YEAR  JAM. FEE. MAR. APR. MAY JUNE JULY AUG. SEP. OCT. MOV, DEC.

1976 - - ... - - - g 9z
1977 6 52 3 53 5 &6 59 66 33 [ 67

1973 /0 31 5 43 61 66 _?? a7 &9 % EQ
a7 &3 56 9 3 3 & s &¢ 33 7c
%5$n ?f -§§' AN S% &l - 6 &9 @? §@ (?
1961 71 49 S0 58 62 &4 =~ G 70 &

ol N

[ e R e BW T b
Fio On e B O

1952 - 6% S6. & 71 69 T4 T3 79 83 86 90
1983 82 6 82 52 - = - Sy 72 70 76
1984 - 65 53 51 - 32 59 . 60 - 73 70 72
1935 - T

WEAaN TTTU TTan e 55 TSs T 66 ea 64 67 79 B0 1B
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TABLE A-10.

STATION: TLAGAN, ISAEELA

YEAR
1968
1969
1970
1971
1972

1973

- 1974

1975 -
1974

1977
1975
1979
19380
1981
1982
1283
1954
1955
MEAN

i

JaN.

-

TABLE A-11.
STATIOM: ECHAGUE, ISAEELA

YEAR
1976
1977
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1979
1930
T1961
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19483
1934
1935
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TLoi L 00§ CILNEn L O LA D g ol [ it

4 3 4 2

MONTHLY MEAN WIND SPEED

MER. AFR. - MAY  JUNE

——mm i v
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39 133 a9 59

133 178 13 3
1/8 = 13

133 178 267 13
i7s 1r8 133 13
39 89 b4 44

17 222 13 178

133 a9 44 39

133 89 46 &9
148 156 173 118
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1, PRESENT LAND USE
~ The area_distributibn of land use in the Project area measured
" on the topbgfgphic maps scaled at 1:25,000 (see O/M Drawing No.6) is

as fbllbﬁs;

Paddy ¥ield 192,700 ha

Upland Field - -1 21,600
Grassland, Woodland : 22,000
Residential Area i 5,600

Road, ‘River Course : 6,400

_ Canal, Creek : 3,900
" Others : 12,600 _
Total ' 164,800 ha

.The Project aiea excépt'fof.the southern part of the area is
occgpiéd mbétly by_péddy.field and covered with an_irtigatioﬁ
systémt The upland fields are found on the flood plains along the
Hagat'rivér'add mostly.used_for corn and beans production. the
roliing'aud undulating areas are mainly used for grassland and

'wdodlénd.

Sdme §arté of a gently undulating area have been used for paddy
_fieidé and théy.are now beingrdeveloped for-paddy fields. Most
péddy sbiis of=the sérvice area have heavy and very firm sub-soils.
_'Their internal drainage is very poor and external drainage is also
poor iﬁ'the'méin f1at land of the service afea. Theréfore, it is

not éasy to convert paddy fields into diversified crop lands and to

obtain considerable income,

2, S80ILS

: 2;1.':Ceomérphology aﬁd Sﬁrface Deposit

'_fhe Proﬁéﬁt area consists of i).flobd §1éins, 11) alluvial

ﬁerracés,7iii) natural levees, and iv) residual or colluvial

'terfaces”frdm the viewpoint of geomorphology. 1) and ii) comprises



about 90 percent of the service area, iii) and iv)'are'not extensive

and less than 10 percent,

Flood plains occur in the adjacent area_to'thé'Cagayan river
and its tributaries. They are two to four kilométérs in width and
range in elevation from about 40 -~ 50 m above sea level. Soils on
£100d plains are mainly medium to coarse textufed, and haﬁe_been
used for diversified crop production. They comprise less than ten
peréent of the Project area. The alluvial térréces, located a few
meters above .the flood plains, comprise above BO.percent of the

service area. Most of them are irrigated and developed into paddy

fields.

Three defined terrace levels can be observed throughout the

gservice area and are as follows:

- Recent Alluvial Terraces (50 - 60 m elevation ahove sea
level)

- Intermediate Alluvial Terraces (60 - 80 m élevation'above
sea level) '
- 0ld Alluvial Terrasces (80 - 120 m elevation above sca

level)

Natural levees can be seen running parallel with the Magat
river. Residual or colluvial terraces are located along the south
and west fringes of the Project area. These terraces and natural -

levees comprise an insignificant part of the total area.

2.2. Seils

The soil maps, descriptidns of soiis_aﬁd land claésiﬁication of
the Project area have been pfovided in the "Soil Sﬁrvey éf Isabela
Province, Seil Reﬁort-38" published in 196% by the'Bureéu_ofaSoils,
"the Magat_River'projéct Feasibility Report, Vol.3" prepéred=by_NIA,
USBR .dn 1975, "the Detailed Soil Maps of Several Municipalities"
made by Bureau of Soils and "the Soil Map" made by ADD of MRIIS.
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- JICA Study Team Has carried out a soil survey including the
soil profile-éxamination of 110 points and the laboratory analysis
of soil'samples taken from representative profiles in order to
confirﬁ"the soil charécteristiés in the service area, The results
of the soil survey havefbeen summarized in the‘OlM Drawing No.47,

48,

The soil characteristics of the four Districts are summarized

as foliows.

Soils of District-I

.The southern half pért_of the District is mainly occupied by
Cauvayan Series and the northern half part mostly by Bago Series.
However, Qungua Series, Tagulod Series and Bontog Series are found
near Santiago,'and Faraon Series and Rugao Series can be observed in
the southern part of the district. But these five soil series are

not very extensive.

'Cauayan soils are found wostly on rolling or undulating
terraces. . The steeper or rougher portions are covered with grasses
and tfees,.and used for pasture and woodland, They are unsuitable
for cultivation, while the less sloping portions are used for paddy
fields. These soils are fine textured with some mottles and
difficult—to till when dry. The extefnal.drainage is excessive
whileiipternal drainage is very poor, They have a low moisture
retainabity; because .of their shallow surface soils and very compact
subsoils, Seils of this series appear to be somewhat more acid in
reaction and less fertile than most of the other soils, The erosion

will tend to,be_sever'with_the absence of vegetative cover.

-As "above-mentioned, Cadayan soils are poor for diversified crop
production. Some of them have been developed into paddy fields.
But the_présent yield of rice is rather low. It would be further
increased witﬁ adequate fertilizer and lime application as well as

the addition of organic matter.

B-3



The grasslands occupied by the Cauayan sdils are‘plaﬁned-to be
developed into paddy fields, Not a few soils occurfiug in the
southeastern part of the district have coalesced irqﬁ*hanéanese
nodules, gravelly layer or bed rock within 20 to 30 m below surface.

1t is necessary to examine the soil profile status before land

development.

Bago sandy loam is found in a rather extensive area between
Santiégo and Ramon. Because of their coaréé textured surface soil,
this seil is deficient in plant nutrients as well as low in hblding
capacity of fertilizer nutrients. These characteristics of this
soils should be considered in the fertilizer application. At the
lateral and sublateral canals in the area occurring'Bégénéandy loam,
many sediments of sand and silt are found caused by side 51096
erosion of the-canals.. It is necessary to maintéin the canals in

good condition in this area.

Bago sandy clay loam extensively occupies: the horﬁﬁérn'parﬁ of
the district. The surface soil is medium textufed and siightly deid
in reaction. As it has no serious deficiency-for paddy soil,
present -yield of paddy rice may increase up to con31derable higher
level with the adequate management of irrigat1on water and

improvement of fertilizer application.

The soils of Rugao Series occur on.rolling lands in the
south-western part of the District, but mnot ektenéively. Tﬁeée
solls are developed from limestone and usually tend to be deficient
in potassium. The lands are mostly covered with grasses and trées,
and not cultivated much., The desirable uses to these soils are for
pasture and woodland., Where crop cultivation may be ppésiblé, the

erosion control measures should be taken.

B4



Soils of District-1I

. Most of the dual ciass land in the service area occupies the
1dw térré§e 0n the right side of the Magat river. The main soils
found in'this dual class land are San Manuel Series and Sta. Rita
Serigé. “The clay contents of these sbils are not s0 much as that of
Cauayan soils or Bago soils occurring extensively in the central

- part of the éerVicg area. 'The sand and gravel layers underlie at a
depthlof two to threé meters in most part of this duval class land.
Besidés,_theré_arelsavéral old river courses in this area. They are
plafing'a role of the natural outlets for the drainage of this area.
For_above'reasons; the drainage of this area is rather well and in
'_drf éeaSOh'sbiis dry up to subsoil to some extent when not
irrigated. = Consequently, the moderately strong scoil structures are
developéd in subsoils. These soil structures increase permeability

of paddy soils.

Fro@ the Giéwpoiﬁt of!Soil fertility, Sta. Rita soils are near
neutral in'reaétion aﬁd rich in plant nutrients. They are highly
valued_for péddy rice production and for. diversified crop
-prodpétionf The yield of paddy rice in this area is.the highest in
the service area, because of -good conditions of the soils and the

irrigation water supply.'

..The Cauayan soils are located on undulating land to the east of
Alicia, These soiis are rather strongly acid in reaction and
déficient in plant nutrients. They are recommended to be improved

'Byraﬂéquaté_soil management practices, such as liming; applying of
organic mqtter.and adeduate.fertilizer application. The Cauayan
soils 6ftén.haﬁe cqnctetiOngry layer of iron-manganese nodules or
bed féck within 20 to 50_cm below surface. So the detailed
'éxaminatidn.of s0ils is necessary for developing land into paddy

fields. -
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Soils of District-III

The Bigaa Series are extensive and fdund in the centrallflat
part of the District with a slope not over one percent. Thé whole
profiles of these solls are very finely textured. Theqe soils are
poorly drained and dlfflcult to till when dry. They are slighLly
acid in reaction and productive for paddy rice cultivation but not
“for diversified crops. Considering thé fertilicy of Bigaa soils,

a higher yield of paddy rice will be expected under'adequate water |

management and improvement of fertilizer application.

The lands 11r1gated by pumplng in the Di&trlct are on 014
Alluvial Terraces, The soils found on them are strongly acid in
reaction and deficient in plant_nutrlentb. The subsoil of these
soils are very finely textured and very firm. The inﬁernal dfainage
is very poot while the surface dréinage is excessive for undulating
or ralling topography. So these soils can not be valued highly for
diversified crop production. In paddy rice cultivation, they need.

" applications of lime and organic matter for soil improvement.

Good fertilizer applications after these practices will bring
increment in the yields of paddy rice, There are often coalescéd
iron~manganese nodules in shallow depth below the soil surface. It
is advisable to conduct a detailed soil éurvéy prior.to land

development for paddy field in this area.

Soils of District-IV

The Bago Series and Cauayan Series occupy the flat”afea along
the west of the highway between Cauayan and Alicia. These soils-
have very finely_textured and very firmisubSoils.. Théir;internal 
drainage is very poor and they do nbt.have énough dutlets of surface
water. FExcessive irrvigation water fyom higher lands discharges into
the depression of the flat area and brings inundation problem. The

inundation is severer during and after heavy rains. This periodic
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inundation impédes_adequate cultivation practiées in rice crop
prodﬁction éhd reduce the yields of rice. It is necessary to
coﬁstruct a.drainage facility in this area. These soils, having
coarsély'tektured $urface soils, are usually deficient in potassium.
It is recommendable to consider this Characferistics in fertilizer

applicatibﬁs._

The area under pumping irrigation is located.on_the undulating
land adjacent to the east of the highway. Cauayan Series occupying
this land have véry finelj textured and very firm subSoils. Their

surface soils are.mediUm to somewhat coérsely textured and
moderately acid in'reaqtionf They are not so inherently fertile as

most of the other soils.

Present land use of this area is pasture and paddy field: They
will respond to soil improvement and rather suitable for grazing or
~paddy rice 6ultivgtion._ Some parts of the diversified crop lands
édjatent to the Cagayan river and the Magat river are classified as
2R-class or 3R~ciéss land in the '"MRMP Feasibility Report". Soils
6f these-laﬁds are usually medium to coarsely textured and well
dréined,.and productive for diversified crops. However, they are
somewhat excessively drained for paddy fields and require large
amount of dirrigation water. For these reasons, it is advisable to
continue to use these land for diversified crops production,

i

3. LAND CLASSIFICATION

In MRMP Feasibility Study has conducted the land classification
and.pfépéfed the map at the scale of 1:100,000 (see the 0/M Drawing
No.49). The said classification covers various results of the
étudies on thé land productivity, irrigation water requirements,
topography, drainage conditions, etc. in giving the grading of the
land by 1 to 3 fot upland cropping, 1 - 3 for paddy cropping and

other as dual land.
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The results of classification are as follows;

- Arable rice land :  class LR'to class 3R
- Arable diversified crops land: class 1 to class 3

- Arable dual class land : class 1R(2) aﬁd-QR(S)

The details of land classification ave sliown in the attéched

"procecsed Drawings'.

The hectare distribution of land classes is as follows: |

MARY Feasibility . MRIIS
Land Class Report Avrea Service Area
(ha) _ (ha)
- Rice Land _ -
IR 59,910 53,900
2R 31,930 : 25,400
. 3R 20,920 . 10,800
Sub-total 112,760 90,100
- Diversified
Crop Land
ik 310 ' -
2R 4,430 —
3R 5,630 -
Sub-total 10,370 -
~ pual Class Land 10,750 7,300
Total 133,880 97,400

The class 1R lands and the class 2R lands are located mostly in
the wain part of the Distriect 1I, 171, IV and the northern péft of
the.District I. Most of class 3R lands are found or rolling and
undulating terraces such as in the southern part'of_thc District T,

and the pumping irrigation areas of the Distriet 111 and IV.-

The undeveloped clasgs 3R lauds are now being developed and
mostly located in above mentioned areas. The soils of these lands
frequently have shallow effective soil layer, It is necessary to

examine the soil profile status for land deve}opmeht. 
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Thé'élass 3Rﬂiand requires considerable investments to prepare
the laﬂd:fdr'irrigatibn, or results in low yield of rice or high
produétibh‘cost, beéause of their topographic and/or soil
Vdéfiéieﬁcies. Most of the dual class lands occupy the recent
alluvial terrace on the right side of the Magat river. This land
would be ﬁell suited for rice broduction and for diversified crops

production with subsurface drainage.

A few areas éméng'present diversified crop lands on flood
piéins had been éiassifiea-into rice land class 2R or 3R in the MRMP
Feasibility Reﬁort. Some of them are being planned to be converted
into ricé Lands. Hoﬁever,'these lands are quite suitable for
"divefsified-érbp_éultivatiOn.' Farmefs are obtaining as much income

from corn cultivation as from rice production,

:Furthermore, the soils of these areas are sandy or loamy
textured. They would require much irrigation water for paddy rice
cultivation. ' Therefore, it is not tvecommendable to convert these

lands into paddy fields.
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3. CLASSIFICATION OF PROJECTED SERVICE AREA
'1.1.,”Pf6jECted’Servihe Area

According to "The Magat River Project Fea81bility Study Repott“

o prepared by NIA and. USBR in 1975, the projected Service Area was

_ about 102 000’ ha'y hOWever, in the course of the project

| mplementatiOn, MRIIS O/M Office examined its Service Area in year
1982 - 1983, and finalized to be about 97,400 ha based on the
parcellary mep and proposed as irrlgable area covered by the

irllgation system, which was divided into four Distriéts,
_The projedted"eervice'areas in each District are as follows:

‘District I . 24,054 ha’

District TI : 24,468
District III : 24,793
District IV : 24,087

' Total 97,402 ha

“The service area of District I'is located at the south-west
part of the Pr6jeet_area_1n'a hilly aiea in topograehy with a
relative high elevation. It is served by the main canals of the
South High,_South LOWVand a part of Lateral € and Oscaring main
canal. :The area wes developed under Stages Ib and I1I, thus,
coﬁsidered to.be_fhe newest area as comﬁared with the other
Distripts in the Project area,'aﬁd there exist about 4,330 ha ol

uhdeveloped area in the district,

The serv1ce area of Dlstrlct 11 is located near the Magat
dam31te and along ‘the Magat viver, and con51dered to be the center
of the four Distriets. The area is served by the Maris main canal,

and mqstly developed under Stage.la.

The'eervice area along fhe bank of the Maget river consists of
. .medium to light textured soils with hlgh permeability, requ1ring

nuch’ irrigation water compared with the other service areas.



The service area of District 111 lies between the Mégat'and.‘
Siffu rivers. Irrigation water is served by the ulffu North and
South main'canals. Western and northern partq of the area are

developed under Stages Ta and Ib, and irrigated by. gravity

lrrigation systems._ On. the other hand, a hill) area located on
eastern pa1L of the area is developed. under Stage III and xrrigated
by the pump irrigation systems. In this hllly area, undeveloped

area is found at present as same as in District 1.

The serﬁicé area of District IV is located at the downstream of.'“
Pistrict 1T and receives the irrigation water from the Maris main'
canal which also serves Dlstrict 11 at the upstream area. The
service area shows Llat topography but always suffers from shortage.
of water during dry season because the area can taka 1rr1gation o
water only alter passing: Lhrough District 1T, and also suffers from
inundation ptoblem during wet season due to excess. water fron
District 1I. Upstream area of the district is developed under Stage
IT1, while downstream area of the district is developed undér'Stage |
Ib and Stege 1IL, which includes the pump_irrigation area ét'the

eastern part of it with a hilly topography.
1.2. Present Irrigation Area
Present irrigation area during wet season in 1986 is about 

71,000 ha or 73 percent of the projected area which is classified as-

follows on district basis., Details are shown in O/M Drawings No.8.

Projected. = 'Irrigation' :
District Service Area Area Percent
_'(ha) - (ha) . (ha)
I 24,056 17,874 - - 73.5
11 24,468 © 20,708 84,6
111 24,793 17,403 © 70,2
TV, 24,087 15,077 - 60.8
Total 97,402 - 71,062 73,0
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According to the 1986 MRIIS annual reports, some portiona of

the projectad Setvice Areas are not irrigated for the following

reasons,'b
- -Unirrigated Area in Service Area
(unit: ha)
. . .Distriét :
Ttem T 11 TT1 IV . Total_
Undeveloped = 4,330 1,080 2,940 4,870 13,220
Lack of On-Farm Facillty _ 310' 1,270 2,660 - 2,460 6,700
‘High Blevation - 370 860 - 1,230
Drainage Problem . 130 300 540 830 1,800
Financial = .. . - 970 - 470 " 610 2,050
Others . 460 270 390 240 1,340
. toral - - 6,180 3,760 7,390 9,010 26,340

_ As’is'séén in thefabove'fable; many landS'reméin undeveloped
drea 1n Distt1ct I and IV, and the development of these areas is a
very eSSent1a1 and 1mportant subJect to be solved, in order to raise

: the ptoject economy

Theiéubéééuent'deals with the detail explanation of unirrigated

areas by Districtﬁwise.
(1) Undevelopéd Area

" District I" Thé'undéVéldped area of 4,330 ha in 1986 is mostiy‘
scaLtered along the South ngh and Oscarlz main canals, Division
I~12, I-6, I- 10 I 11 and 1-12 have many undeveloped area of 500 to
850 ha, as shown in OIM Dxawings Yo.8.

: DiStIlCt II-F The undeveloped area is 1,080 ha in 1986 and mainly
u.located at Div151on I- 12 3nd I-13 along the Oscariz canal and
_Div151on Ii 27 and II 29 in the Lateral "H Extentlon and "J" of the
VMaris main canal. These areas 11e on undulated hilly area, which is

' réﬁhér difficult to develop'by'farmer‘s OWN MaTnipower.



District III; The undeveloped area of 2;940fha.in:1986 iS'mpstl?‘
concentrated in Divisions I-7, I-9, I-10 and=I»12, in whiéhfihe'
service area is newly developed by pump irrlgdtlon. Thé delay'of
land deveiopment in these Divisions is caused by insufficient
irrigation water due to defect of pump and high operation cost of

pump as well as by difficulty of land development made by farmers

due to undulated topography.

District 1V; Many Divisions comprlse ‘the undeveloped area of. 200 to o
500 ha and its total reaches 4,870 ha in 1986. District IV has an
area with many probleéms caused by insufficient irrlgation water in
dry season and innundation in wet season due to jimproper irrigation-

facilities and poor water management in the Maris canal system;

In addition, the land developmeht in the service area covered with
the Cauayan East Extension canal and pumping No.l statidnfis
considerably delayed because of the gimilar reasons as mentioned in

District III.
(2) Lack of On-Farm Facility

Distriet I; Since the undeveloped area of 4,330 ha to be converted
to the paddy field is still remained; a big scale of the on-farm
facility works will be required in paréllel with'the_land '

developmnent works in future.

The service area without on-farm {ac111t1es is mainly scattered in-
all Divisions alomng the Souch ngh imain canal presentlug the area of

30 ro 100 ha in each Division.
Since the service area in District 1 is located génarally in the

undulated hilly area, the tonstruction.and maihtenance of the

on~farm facilities require a particular care,
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ﬁiétrict I1; - The service area lacking on-farm facility in District
II is mainly found in the Division -2, I-12, I-13 and I-29, Since
. the service avea in Division I-2 is located on the flood problem
_area of the Magat river, the on-farm facility Is damaged by flood
and.not_repaired yet. The on—férm facilities in the other Division
are COnstruéted mainly at the hilly area and some of them are broken

due to improper facilities and maintenance.

District I1f;° A large area of 2,660 ha is remained in District III

as the lack of on~farm facility area. These areas are wainly
located along the North bivision main canal and the lateral canal
ISEryed by the pﬁmping station of No,2 and No.3, and presents a hilly
topography with steep slope. Some lateral canals dre not properly
designed and constructed by NIA to provide the on-farm facilities
and many'onwfatm facilities constructed by the farmer's institution

are not well functioning.

bisﬁrict IV District IV has also a large area of 2;460 ha in the
lack”of on~farm facility area with the similar reasons as mentioned
in- the above Division. These areas are found in many places in all
Division, especially in Divisjons I-9, I-12, I-19, I-23 and 1-24

which are newly developed.

Since the service area in District IV is generallf suffered from
shortage of water in dry season and innundation_damage.in wet
season, farmers cannot accelerate tﬁe on-farm facility construction,
In addition, some completed on-~farm facilities have been damaged by

inhundation-in wet season.
(3) Other Unirrigated Area
Unirrigated'areas_due to other reasons such as the high

elevation, drainage problem, financial problem as shown below was

about 8,260 ha in 1985 and reduced to 6,420 ha in 1986.
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(a)'

(b)

(¢

High Elevation Area

High elevatlon area caunot get irrigation water due to hlgher

‘clevation than the water level -in lateral canal, Thig 1and was

about 1,400 ha in 1985 and . mObtlv found in the hllly area,
especially in the pumping-area of District llI._ In:order to
irrigate such higher land, new lateral or sub-lateral shall be

provided by the MRIIS O/M Office.

Drainage Problem Area

‘Unirrigated area due £O dtéinage problem was 1,490 ha in 1985

and increases to 1,800 ha.ih 1986. This area is mainly located

at the District TII and IV and requifes drainage canal works.

The MRIIS O/M and District O/M Offices shall make a plan for

drainage systems in the problem area and carry out the
construction of drainage canal under the O/M Improvement

Project.
Financial Problem Area

Unirrigated area due to financial problem was 2;130 ha in 1935_
and 2,050 bha in 1986, Since low income fazméfs haﬁé no fund to
engage in farming activity aS'procuiing seed, fertilizer,
equi?menf_étc., the MRIIS’O/M_Office shall reseafch.these
farmer conditions and will reﬁuest the rural bank so as to lend

agricultural fund with low interest and long period,
1t is also desirable to exempt irrigation fee collection from

the lov income farmers during ome to two yeérs until the =~

farmers become in self-sustaining conditions,
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13, Classification of Projected Service Area

1he progected Service Area’ of about 97, 400 ha is divided into
.four Districts for the purpose of operation and malntenance of the
.whole irrigation systemu.' Furthermore, this Service Area can be
subdivided into seven areas'aé shown below, from a viewpoint of

'banal netw0rké,

The present irrigation systems are shown in Figure C-1 and

'thai: détéils-are shown ‘in the ¢/M Drawings No.23-No.26.

. MARTS Main Canal System

'AbOﬁt 53,900 ha of irrigaﬁion area located on the:CEnt:al part
of théiseﬁvice area is covered by the Maris main canal connected
with'the:right side jntake facilitiés of the Maris diversion dam.
This aréa has an.édvantage to utilize'easily-irrigation water for

Cits location,

South High and Oscariz Main Canal Systems

About 12,700 ha of land, which is irrigated by the South High
and Oscariz maiﬁ canals connecting with the Baligatan diversion dam
ére”sitﬁatéd in the hiily tdpbgraphy at the south and south-western
part of the serviée_éfea. This area has a large undeveloped area as

it is a newly developed area.

South Low Main Canal Syétem

South Low main canal system branching off the Maris main canal
covers an area :of about 7,900 ha, and is sufferlng from a periodical
‘water shortage at the lower reaches, because of a very long canal

distance with a gentle slope of canal,
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Noféh_DivérSibﬁ Main Canal System

The area of about 13,600 ha located on the left side of the
_Magat_river is irrigated by the North Diversion main canal
'=é6nnecting with tﬁe left side intake facilities of the Maris
diversion dam, . The lowér parts of this area are also irrigated by
the SifquSOUth wmain canal. This system includes pumﬁ irrigation
aréas of_about 6,600 ha at the lower parts of ﬁhis system. However,

large undeveloped areas are also found at the lower reaches,

Siffu South Main Canal System

‘ _The.a;ea of about'S,EOO-ha located on the left side of the
VSiffu river;is co?éred by'the Siffu South main‘canal.connecting with
the left side intake facilities of_the Siffuris diversion dam.
Irrigation-water'fdr this.area will be supplied trom the North
diVQréiﬁn main ganal, when the river runoff discharges of the Siffu
river are scar;é to meét’the required irrigation demand in both
areas df.tﬁe $iffu North and Sduth iriigation areas during dry

season.

Siffu North Main Canal System

The area. of about 3,000 ha located on the left side bank of the
Siffu.river is irrigated'by the Siffu North main canal connecting
'with the Siffﬁfis divgrsioﬁ dam. This area takes priority of
ge;:iﬁg rﬁnoff discharges of thé Siffu river as water sources
coﬁ?ared‘#ith that fdr'Siffu South main canal system, so that no

water shortage is found in this area even in dry season.

"Macanab_énﬂzLadéco Check Gate Systems
A part Of_suppiied irrigétion water to the Laterals A and B in

" the Mafis main'cana1 system is drained to the existing Macanao and

Gaddanan creeks and these surplus drainage discharges are utilized
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for irrigation as supplemental water source (return flow). Small',
intake weirs such as Macanao, Ladeco, Minante and Gaddanan check
gates are provided in the creek to divert the return flow, and to

irrigate about 6,000 ha in the lower reaches,
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"2, IRRIGATION WATER REQUIREMENT
2.1; -Uﬁit'Irrigation Requirement at On-Farm Level

.Un1t3irrigétioﬁ requitémeht at on~farm level so called farm
"Qatef‘féquirement'(crép Watér-requirement) refers to the amount of
ﬁétef to be suppliéd*to the farm to satisfy the percolation, field
evaporatlon and evapotransplration, gince the%e are the basis of

distributlng 1rr1gat10n water on the area.

The values of fafm"watef fequirément at differént stages of
éfop‘grdwing are preéently'combuted based on the researcheél
conducted by hRIIS O/M Offlce w1th1n the Service Area. In the
Study, these values and procedure for the estimation wére reviewed
and proved to be basically adequate for the application to estimate
- farm water requirement. The formula used in estimating these values

is summarized as follows;

g = 2L ge o p
LPWR = Ef + P
YSWR = Et + P
RSWR = Et + P
where;

LSWR = Land Soaking Water Requirement
LPWR = Land Preparation Water Requirement
VSWR = Vegetative Stage Water Requirement
RSWR = Reproductive Stage Water Requirement
Sn x,Saturation Requirement
Ef = Field Evaporation
p Percolation
Lt = ‘Evapotranspiration
F = Flooding (65 mm)

Y

1t

It

1/ Source: _”Opefétion and Maintenance Manual for the Magat River
' ‘Integrated Irrigation System" Prepared by MRIIS Office
in June, 1985
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Saturation Requirement

Soil saturation is the”amouﬁt of water ﬁéed to fill”pbre’épaces_
in the soil after a considerable length of the fallow . period
Saturatlon requirement was computed by using the establlshed rate of
moisture depletion for every soil type and were tabulated 1nt0
cimplifled form readily available for irligation personnel in

estimating their land soaking irrigation requirement.

Accordingly, saturation requirement has been computed by ‘using

the following equation;

- {Sc - Me) x As x Ds
= 100

Where;

Sn = Saturation regquirement’
Se = Saturation capacity -
36%Z for rice class land
49% for dual class land
Mc = Moisture content
As = Apparent specific gravity
1.7 for rice class land
1.35 for dual class land
Ds = Depth of root zone of rice (30 cm)

Saturation requirement of the different laterals within the
Service Area is tabulated as shown below based on the above

egquation:

Saturation Requiremeat of !,atéral_.s

(uni.t 1 om)

Southéj Eastgf Division

Honth Lat. 4 Lat, B Zene " Zone _IIT.
Jam. 50 17 48 .37 R Y
Feb. . 113 - 97 61 58 . 58
Mar. 128 97 68 : 68 68
Apr, 130 93 75 : 71 71
May 80 89 ©88 54 - 2D
Jun, 69 17 O3 ) 34 26
Jul. 60 .65 17 20 30
Aug. 46 61 14 14 32
- Sep, 391/ .35 33 5 5
Qct. [t 0 S0 0 0
Nov. 1 i) 0 0 0.
Dee, Q 0 a . g = Q

Note: 1/: Saturated : :
{: South Zone - Scuth area of Marie main canal,
: (8LC, C, C-Extra, E, F-Extra, F,
- ) 6, H, I-Extra, J~Extra). '
3/: East Zone ~ North-Fast area of Maris maip canal
{Lat. D, H-Extra, I[.J}) . )
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' Field_Evaﬁdrétion.and Evapotranspiration

' Aégqtdiﬂﬁ to the_sﬁudy on the rélationship'between'

' péh—évapofatiéu (Ep) and field evaporation (Ef), evapotranspiration
'(Et),iwhiéh has-been‘cbnduéted by MRIIS Office, the values of Ef and
Et can be esLimated as shown below by using the model equation

expresalng Ff and Et as a function of Ep.

Fleld Evaporation and Evapotranspiration
baqed on Evaporation

(unit: _mm/day}

e Et
g - - Vegetative Reproductive
Month ~  Ep Ef Stage ___Stage
Jan. 3.6 2.6 4,0 4.2
"Feb, LA 3.2 4.6 5.0
Mar, 5.3 . 3.8 5.4 5.8
- Apr. 6.3 4.5 6.2 6.8
" May 6.1 b4 6.0 6.6
Jun. 5.8 4.2 5.8 6.3
SJull - 5.8 4.2 5.8 6.3
Aug. - 5.5 4.0 5.6 6.0
Sep. 4.4 3.2 4,6 5.0
. Oct. 4.7 3.4 4.9. 5.3
‘Nov. 4.0 2.9 4.3 4.6
3.3 2.4 3.7 4.9

Dec,

Note: Model equatlons are expressed as follows:
Ef = 0,72 Ep - 0.004
. Et = 0.83 Ep + 0.99 (during vegetative stage)
Et = 0.94 Ep + 0.85 (during reproductive stage)

Percolation Rate

In the determination of ixrlgatlon water, one of the most
'important parameters is percolatlon rate of the 5011 - downward
movement of water into soil profile which varies greatly with soil

type,-grouﬁdwaﬁer depth and drainability of the area.

The percoléﬁibn,rates of the different areas to be served with
irrigation water within'the Service Area have been quantified by the

- MRILS O/M Office as shown below;



Percolation Rate

(unit: 'mm/ﬁay)

Laterals/Sub- Percolation Latefalé/Subn Percolation
Laterals Rate . Laterals Rate

Division-I

B - 10.1

C 2.0 _
c-1 2.6 "B-1 ©10.1
c-2 2.6 D, H-Extra, 1 2.6
C-3 and J
C-4 1.8 CEE 2.2
: 1.8 RMC 2.2
E series, F, C Mac. East 2.6
and H 2.6 Mac, West 10.1
SLC 2.1 :
SHC 2.2
Divigion-11 Division-I1IT -
A 11.2 NMC 5.2
A~ 12.0 SMC 2.5
A-2 - 9.0 A 6.4
A-3 16.0 A-1, A-Extra 6.0
A-4 9.0 B 6.0
A-5 7.0 c, D, E, F, G & H 2.5
A-5 Extra 29.0 NDC ' 2.7
A-b 4.0
A-7 7.0

As shown in the above table, percolation rates in the lLaterals

"A" apnd "B"
so that the
percelation
the periods
wel Season.
percolation
 mm/day to 15

needed.

Unit ir
estimated by
C-1.

which belong to dual class land are comparatively large,
Study Team installed the measuring devices_df

rate at four sites in those areas cd'cheﬁkzthe'rates for
of three months from June 1986 to August'1986 during the
As the results, it was.proved that éh averégé. . '
rate in the dual class land varies in the ranges of 11

mm/day, although further long term observation will be

rigation water requirement at on-farm level thus

the above mentioﬁed procedurés is tabulated in Table
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Dec.

Nov .-

mm/day]
Qct

(unit'
Sep.

Aug
17.3"

Jul.

Month

May Jun

L IN EACH GROWING STAGE (1)
Apr.

‘

TVE

Mar.

Feb.

Jan.
20,7

Farming
Stage

Service'
Arez .(ha)

UNIT WATER REQUIREMENT AT ON-FARM LI

in/Lateral
canal

'TABLE-C—I

la

A
i

14.7  14.2

15.9

24.0 19.9

26.5

24.8

tn
[N

A

4.9

5.4
6.9

6.0
7.6

8.0
17.9

6.2

6.4 6.2

6.5

5.8

7.5
7.8

5.2
25.4

6.0

LP
Vs
RS

6.6

7.8

§.0
5.6

24.6

5.8

6.6

1,420

Lat C.

7.0
16.5

1)

7.0
23.8

o4

14.8 14.3

15.3

5.8
7.2

18.5

20.5

121.3

LS
LP
VS

Lat.
Cc-1

6.0
7.5

6.8 6.6

8.4

5.8

™

&

7.0
8.6
9.2

23

1,3

6.9

o

3.4
5.9

19?7

8.0 §.8

6.6
6.8

20.5

14.0

7.9

14.5

7.6"
15.7

8.6
17.1

8.9
17.7

[

.3 2

26

24.6

7.
20.8

RS
LS
LP
VS
RS

C-3 & C-4

Lat.

5.0

5.8

6.0
7.6

g.1
18.5

A

6.4

Ly

4.4

6.4
14.8

7.1

6.8
16.5

7.8
17.9

7.6

8.1
20.5

7.8

8.4
24.9

8.0
8.4
27.1

7.2
7.6

6.8
25.4

23.8

5.8
6.0

14.3

)

[Fp]

LS
LF
VS
RS

Lat.

~15

6.6
8.2

6.8
8.4

7.0
8.6

3.2
24.1

6.4

5.8

E.F.G.H.

6.3
6.6

6.9
7.2
14.3

7.5
7.9

14.8

ol

[~

8.4
8.9

8.0 8.8

8.4

7.2
7.0

,536

3

8.6
17.4

8.9
20.0

[}

6.8

4.5
5.8

5.0

6.4

7.0
7.4

5.%
14.5

16.0
5.3
6.7

18.0"
7.9
8.4

15.1

6.3
7.9

6.5
8.1

26.6
6.6
8.3

5.9
7.4

6.7

6.1

6.3
20.9

LS
LP
VS

,820

i

i

Canal (SLC)

South Low

7.1
16.1

8.4 8.1
17.5

20.1

8.7
24.2

Oy

7.1

RS

2.

6.8

14.4
5.1

5.5
7.5

6.8

7.8

4
8.0
8.5

6.4
8.5

6.6

26.7
8.4

7.7

6.4

LS
LP
RS

12,680

Canal (SHC)

South High
& Oscariz




Nov. Dac.

(unit : mm/day)
QOct.

Do(2)

STAGE

Month

EACH GROWING

IN

L,

ON-FARM LEVE

T AT

LN

:M i
Il
&=

400

2

armin

S

2

REQUIRE
]'.T

h]
N\

Arca (ha)

UNTT WATER
Service

TARLE ¢-1
Canal

Main/Lateral

[}

I e

23
141

5.9

.7

14 .4

—
o
o1

.3

36

43.0

42,0

14.6

wy

i

15.0
16,6

17

14.4

S

13

LP

1,558

14.0
15,2

15.5
15.8

16.1
16.5

5

15.8
16.2

30.
215.2

16.8
17.72
01;8
16.0

17.0

17.0

.2

17.8

17

17.4
18.0

.10

43.4

16.2

40.0

1.0

5.4
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TABLE C-1

: mm/da?}

{unit:

UNIT WATER REQUIREMENT AT ON-FARM LEVEL IN FACH GROWING STAGE- (3)
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ACH GROWING STAGE (4)

NT AT ON-FARM LEVEL IN ¥

ME

<

UNIT WATER REQUIR

-1

~
-

TABLE (

{unit.: mm/day)
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2.2, Unit ﬁiGeiSiOn'water'Reqhirement on Main and Lateral Canal
Basis '

'Divéfsibn.watef féQUirement can befcalculated'by taking into
account the effectlve rainfall and water losses in addition to the

farm water requirement.'

Effective Rainfall

Atcéfding to thé'priteria fér éstimating an-efféctive rainfall,
which is meﬁtioned.in the Operétidﬁ and Maintenance Manual, an _
effective rainfall has been estimated at 409 mm for the d1y season
paddy and 5i8 mm for the wet season paddy,_respectively. However,
total average rainfall during the ‘above- mentioned cultivation
seasonq, is 557 mm fnr the dry season: and 714 o for the wet season,
according to the rainfall data observed at the Ilagan station., When
'rainfalls is compared between observed one and estimated effective
one during dry season; the effective rainfall of 409 mm.is deewed
to .be-i_:oo large. Therefore, the concept for estimatlng an effective

réiﬁféll=wasrreﬁiewed_1n the Study.

The follow1ng describes the proposed criteria for estimating an

- effectlve rainfall.

i) Effective rainfall for pé@dy cultivation will be estimated
onlthé daily basis in paddy fields which is considered as
- a small storage taking into account rainfall,
'evapotransplration percolatiow water depth on paddy

field and 1rr1gation water supply.

ii) Estimétioﬁ.of effective fainfall will be made on the basis

of the following conditions:

.v_ Ilagan observation record (1961 ~.1985) are selected

‘as representative rainfall,



- Effective rainfall will be countcd throughout the _

crop growing periods for both seasons.

- Initial water depth on paddy field is assumed to be

50 mm.

- Daily water balance in fieid will be made in
congidering evaputranspllation, ralnfall and
percolation, and when water depth at paddy fleld
drops to less than 20 mm, 11rlgat10n water is to be

supplied up to che depth of 50 mm,

- In case much rainfall will be obtained in thé'paA&y
field, such rainfall will be stored in-the’fiéld at
the maximum depLh of 80 mm, and Tain water inore than
80 mm will be drained to the lower plot or telmlnal
drainage canal as there is no effective use for '
CYops. '

iid) Based od the abové.meﬁtioned cfitéria, the calculation of
effective rainfall was made for a period of 25 years for
two groups of different percolatlon rates,_that ;s, those
for rice class land and dual qiaés land,.aﬁd their.average
values are estimated at 2.7 mm]day for rice land éﬁd'io.l

m/day for the dual class land.
The desgign effective rainfall with a return period of about six
vears with an exntremely dry year is détérmined. 'The'following table

indicates an estimated effective rainfall for'two grbﬁp'areas.

Estimated Effective Rainfall

(unit mm)

Fafming Rice Class Land  Dual Class Land
Dry Season Paddy (Nov. - Apr.) 122.7 .268.6
Vet Season Paddy {(May -~ Oct.,) 56,7 .559.5
Total : 579.4 C o 828.1

Note: Details are shown in Table C-2.
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" TABLE C-2 ESTIMATED EFFECTIVE RAINFALL

Month.

Jan. -

freb.
Mar;
Apr.
Ma?
Jun.
“Jul.
Aug..
"Sep.
Oct.
. Nov.

Dec.

Total

Rainfall

G2,

29,

()
(a2l

136.
160.
166.
195.
183.
297.
315.
150,

1,805.1

£

0

8

3

3

C{unit @ mm)

Effective Rainfall

Dﬁa!'Class Rice Class
L _L‘_‘ld____ : Land
27.9 27.9
1303 13.6
2.8 6.7
2.7 1.0
66.0 25.4
105.1 89.1
77.9 73.1
173.3 169.0
31.4 FF.T7
15.8 24 .4
167.8 41.2
54.1 32.3
828.1 579.4




Trrigation Efficiency

Overall irrigation efficiency (1 - loss) is usually divided
1nt0 two partsi the efficiency of'water'use below the farm turnout
and the efficiency of water use in the conveyance system between the
source of water: supply and the farm turneut, Furthermote, from the
aspects of water losses encounteled in the operation of lrrigation

'system, the water losses are subdivided 1nto three stages. i)' farm
waste at on- farm level, 1i). conveyance losses ‘in lateral and
sub- lateral canals, and 111) system operarlon losses in main and

lateral canals.

The proposed overall 11r1gat10n efflcienCy adopted’ 1n the
PleECt is 54 percent for the dry season paddy and 48 percent for

the wet season paddy on average, as shown below;

" Dry Season Wet .Season
Irrigation Efficiency Paddy Paddy
, (%)~ (%)
Farm Irrigation Efficiency 80 70
Conveyance Efficiency (average) 80 80
Svstem Operation Efficiency : 85 _ : 85
Overall Efficiency ' 54,4 47.6-

Conveyaﬁce efficiency for each lateral aﬁﬁlié& to the*ﬁrojecf'
has been decided by MRLIS Office as shown below, based- -on the actual.
discharge observation, gnd these eff1cienc1e are considered to be
appropriate at the prevailing.fa;ming-practices, water management .

and physical conditions of- canals, .
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_HConveyance Efficieﬁcy (C.E)

{unic: %)

Laterall ~ Lateral/ _ ~  Lateral/

';Sub <Lateral C.E. ' Sub-Lateral C,E," Sub-Lateral C,E,
“nivision~1 S - ' N Division~IT.

c - o 80" . A-5 - 80 SIFFU-SMC - 76
c=1 - 95 A-5 Extra 91 A 86
SG=2 . 38 - N A6 94 " A-Extra 85.

C~3 70 A7 88 B ' 67

C4 70 B 80 C 84

E : 88 - B-1 .80 D 76

Bl 0 80 - D - 84 E 70

E-2 g2 - D~1 89 E-Extra 88

E-3 83 . D-2 88 I - 61

F L 81 . D-3 83 G ' 83

G 90 D-4 83 H - 94

B - 86 H-Extra 76 'S1FFU-NMC 76

SLC . 80 1 © 86 A 80

SHC 80 I-Extra 79 B 85

J - 79 NDC ©76
- J-Extra 81
Division-I1 CEE ' 80
A T4 CRMC 80
A-1 94 MAC-East. 80
A-2 76 - MAC-West .~ 80
A-3 72
(A4

02

' Unit diversion water requirement for lateral canal basis

_exclusive ef£éctiv¢ raiﬁféll'is shown in the 0/M Drawings No.10.
2.3. Irrigéﬁion Water Réquirement
(1) Cropping Pattern

Present cropping pattern proposed in the Service Area is
presented with 18 types by the irrlgation systems, but there exists
‘a 1ag time of farming activ1t1es ranglng about four months between
:up and down qtream areas, duc'to several interrelated factors such
as water allocatlon,]availablg labour force, farmers' financ1al
réaébn, warehouse capacity etc., which limits the cropping calendar

to certain time period (see O/M Drawings No.ll).
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This lag time for farming actiﬁities'in”the'Séfvicg Area causes .
a difficdltv in adéquate water management and operation aﬁd '
maintenance of the project f30111ties. MRITIS O/M Office makes _
efforts to standardize the typical cropping pattern plannad in the

Operation and Maintenance Manual.
{2) Irrigation Water Requirement

Present irrigation water requirement for the both wet and dry

seasons ig tabulated in Table C-3 based on the available three years

data from 1984 to 19806,
2.4. Re-Use of Irrigation Water

The downstream areas of Laterals "A" and "B" covered by the
Maris main canal are irrigated by the réturn‘flow of ifrigatioh'
water (re-use of irrigation water) supplied to those areas. In-
order to divert the return flow, intake weirs are provided in the

existing creeks such as Macanao, Ladeco, Minante and Gaddanan

creeks.

During the Phase 11 survey perlou, dlscharge measurements of
inflow and outflow at the selected sample area of about 2 830 ha
located on downstream area of Laterals "A-2" and npo (see Figure
¢-2) were conducted to analyze an'availaﬁle amount of return flow.

The following table indicates the results of observation.

Discharge Measurement for Return Flow

Discharge Observation,

Item June 24 July 1 .July 14
Total Inflow (cu.m/s) 24,7 21.3 17.9
Total Outflow (cu.m/s) 23.9 20.6 15.2
Outflow Ratio (%) 97 97 - .85
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" As 18 seen in the above figures, an average outflow ratio is
esﬁimated at a high peiééntége of 93 percent. In the Project, the
_ratio of.réturn flow was aeéided'ét 45 percént on the assumption

| that 50 percent of total outflow discharge could be utilized for

return flow in the above mentioned systems.

Furtherméré, StudyfTeam analyzed the amount of wasted
irrigaﬁihn'water in the selected creeks located in the lower area of
Distfiéf”IV during_thé'periods of June to October, 1986. As the
resulﬁs; it wés found out that about 680 wm of irrigation water
equivalent to sbout 20 to 30 percent of supplied waﬁer is wasted to
the crgéks duriﬁg the wet season paddy cultivation, as shown in

Table C-4.
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'3, IMPROVEMENT OF IRRTGATTION AND DRATNAGE SYSTEMS
3;1..-Propoéed Irrigation Water Requirement and Water Distribution
(1) Proposed Cropoing Pattern

“An appropriate cembination of cropping schedules in time and
space anywhere 1n the Service Area was examined to’ obtain the most
' su1table dlstribution of reservoir water, so as to expect the
“optimum use of qtorage for the dual purposes of irrigation and power

generation._

| Stefting ffom'the:pfototype cropping schedule given in the
.-ehlsting MRIIS O/M Manual, and maklng a comparison between seasonal
' water requirement for power generation projected by NPC and
irrlgation demand, a combination of cropping patterns were pioposed

in consideration of the followings;

4‘ -To expect eff1c1ent utillzation of the Siffu river runoff
espec1ally in wet season, cropping schedule for the Siffu
service area for both the wet and dry crops should be

shifted abont:jOIto 407dajs afterward.

- Cropping_echedule for the service area of the Baligatan
diversion demtShould aiso be'recommendable to be shifted
.aftefwafds.in order to expect higher yield of generated
outpute:by'use of'irrigation'release while the reservoir
keeps relatively elevated water levels, and to reduce the

burden for the reservoir by means of utilizing wet season

discharge as much as p0531ble.
- ',-The North Dlversion main canal serv1ce area, involving the

Siffu East thension area, should also be the subject for

'Shiftlng its cropping schedule. Especia]ly for service
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areas of the Siffu Fast Extenéibnjwhére irrigéiidn water
is_suppiied by pumping up, 1t may inevitébly'be '
aabantagebﬁs.to be pjantéd durihg sucﬁ périod'thét ﬁu@h
effective_faiﬂfalls‘are expegted:on the-figld_and that

electric charge are relatively cheap.

Figure C-3 presents the-prbtotybé and alternative proppiﬂg
schedules while the propoged pattern thus obtained is givqn'in

Figuire C-4,
(2) Total irrigation Water Requirement

The total Water'démand éorréspondihg”tb'a relative drogéht year
for the projected Service Area of ébqut797,406 ha was estimated on
the déily”basié.in case of paddy cultivation_for both dry and wel
‘seasons, and estimated water fequirement is-suMmariéed'as shown
below by each water resoﬁrce such aslthe Béiigétan diversiqn.dam;
Maris diversion dam and Siffuris diversion:dam. In the:éﬁove

estimation of water requirement, an efféctive'rainfall was counted,

Total Water Requirement by Water Resources

(unit: MCM)

BKaligatan Maris "Biffuris "

Diversion . Diversion - Diversion .
Month Dam Dam Dam “.. Total
Jan. 37.6 287.2 35.5 1360.3
Feb. 45,2 2796 41,4 366.2
Mar. 52,0 ©164,6 43,3 259.9
Apr. 16.4- 130.7 . 14.3 16174
May 4.4 283.0° 13,5 0 31009
Jun. 48.6 2211 © 38.6.  308.3
Jul, 46,2 346.5° . 43.8 436.5 -
“Aug. 23.6 182.7 21,3 22746
Sep. 22,7 : :86.8 19,3 128.8
Oct. 11.5 66.4 12,5 . 90.4
Nov. 4.6 S 122.1 8.8 7 -135.5
Dec. - 34.2 216.2 30,5 . ©280.9.
Total 357.0 2,386.9 322.8  3,066.7°
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Irrigation'water requirement was estimated by using fundamental
factors such as evapotranspiration, percolation, effective rainfall
and Watef.loséés,_whieh were discussed in the previous paragraph of

f"Irrigatibn Water Requirement". waeﬁer, further studies on these
'factors will be needéd in future, in order to make the estimation of

‘water requirement more accurate.

Di#éfsion water.réQuirementé, as computed on the basis of the
proposed ¢r0pping schedule and irrigation diagram, are compiled in

Table -5, Table C-6 and 0/M Drawings No.13.
(3} Water Duty in Irrigatibn System
(a) Watef Duty at Main and Lateral Basis:

Water thy_at'main and lateral basis was estimated from .

the fesﬁlts of estimation of diversion water reﬁuirements
mentioned'aboye. The estimated water duty at major main and
latéral canals is shown in 0/ Drawings No.l4. The subsequent
shows the maximum water duty during the cropping seasgn at

diversion dam sites:

Baligatan irrigation system: 1.71 lit/sec/ha
Maris irrigation system ¢ 1.77 lit/sec/ha

Si1ffuris irrigation system : 1.51 lit/sec/ha
(b) Water Duty'at On-farm Basis
Unit area of irrigation at on-farm level so called rotational
‘area is 30 = 45 ha on average. Distribution of irrigation
'water'at on-farm level will be discussed in two stages of paddy

‘cultivation as mentioned below;

. Land Soaking and Preparation Stages

“According to the proposed croﬁping pattern, land soaking and

_preparhtion periods extend from the middle of October to the middle
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of February for dry season paddy and from_the middle of Aprillto;the
end of Juiy for wét'seaSOn paddy. Water sﬁpply during these periodé
is planned with rotation irrigation of seven days by rotation unit
having an average area of six_tofniné:hectares. According to NIA .
0/M Manual, the maximum unit water duty during these péfiods 15'3;2
1it/sec/ha to 4.0 lit/sec/ha for rice class land and 6.4 lit/sec/ha
to 8.0 lit/sec/ha for dual clags land.

Normal Crop Growth Stage

The crop growth stage.of a paddy exﬁends from the end of
November to the beginning of May for drynseaSOn-paddy and from the .
end of May to the beginning of Novembef'foruwet:season paddy.
Irrigation water suppiy during these periods_is plaﬁned to be
simultaneous irrigation. The makimum_nnit water duty daring these
periods is 0.8 lit/sec/ha to 1.8 lit/sec/ha for rice class land and
1.6 lit/sec/ha to 4.0 lit/sec/ha for dual class land based on the

above mentioned Q/M Manual.
3.2. Improvement of Irrigation Systems

Main and lateral irrigation systemé to ifrigéte the ptojected
Service Area of about 97,400 ha have already been conétr&cted (SEe
0/M Drawings No.23 - No.26). These irrigation systems may not be -
altered in the Project, although'partial improvement of a canal
sections will be planned by widening cross sectional areas tb meet

the designed canal discharge.

However, lower reaches of Laterals "A" and "B" (Macanao.énd -
Ladeco areas) in the Marls main canal system are éupplied irrigétion
water depending vpon return flow from the upstream areas, bj
constructing the intake facilities in tﬁe Creeks. _But'dﬁe to the
checking up of water flow by thGSe weirs,_severél_thousand he@téres
of paddy fields arcund the check gates are inuﬁdated even in dry
season. These inundations conditions are remarkable arouﬁ&'the

Minante and Macanao systems.
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Under the condltions, present irrigation canal systems for both
areas, Minante and Macanao, will be required to be altered, as shoun

below:

Minante-System

Due to the utilization of return €low of only 0.2 cu.m/sec for
'Laterél.Dvé, the Minaﬁtg weir chegks up the flow of about 1.5 m. In
‘this reasom, about 2,000 ha of paddy field is affected as poor

drainage area,

If it is pdSSiblé to remove the Minante welr, the drainage
problem ofxthoée-affected areas will be improved, The supply water
of 0.2 cu.m[éec ffom the Minante wéir is less than 10 percent of the
designed dischafgejof'Lateral D~4., The additional requireménz can
be supplied from Lateral D by minor imérovement of Lateral D-4 (see
Figure C-5). | '

On the other hand,“due-to acqumulation of sediment materials in
thé éanal.aﬁd extension of the canal, the area of about 880 ha (680
ha.irfigateﬁ'by Lateral D-4 and 200 ha by Lateral D-4a) are affected
as water shortage areas. Necessary improvement of those canals

should be taken in the Project.

Macanao. System

The water séufce of the Macanac East main canal is maiﬁly
diverted from:the'Macanab weir (9.95 cu.m/sec) and supplementary
supplied by the Gaddanan weir through the Gaddanan supply canal (2.0
cu.m/sec). As the water source of Gaddanan and Macanao is the sane,
if the Mééanad intakeﬁcan supply all the requirements, the Gaddanan

supply will not be necessary,

Due to the checking up of water flow of about 1.2 m by the

'Gaddahah.wair, the upstream area along the Gaddanan creek is
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