3, 4 4 Yawa River

3. 4 4 1 General A

" The Yawa Rlver gathers three (3) streams on the southern o o
southeastern slope of Mayon Volcano and other small tributaries from S
the southern hills which' is outside of the Project Area, where the -
biggest one is the Busay Rlver, and it flows mostly in easterly
directlon along the Legaspi Airport pas51ng across the’ National HighWay
bridge and pouring finally into Pollqui Bay of Albay Gulf, just northf
of Legaspi Clty. The three streams are the Anuling River, the Budiao'”‘
River and the Pawa- Burabod River from the west to the east. o

3.4.4,2 8abo Work Section
The Anuling River, the Budiao River and Pawa-Burabod River ate

less devatated than the Nasisi River.,

1) Anullng Rlver .

Two {2) parallel torrents which orlginate at EL. 1, lGG m on the
southern slope flow together and form the uppermost reach of the Yawa ﬁ
szer, near Cagsawa Ruin.r The slope between EL. l 208 m down to EL._‘i
400 m 1s covered with natural forest.= And the slope of gorge between.

EL. 600 n down to EL, 350 m is covered with vegetation, and no vlolent

debris is yielded at present. Banks of riqht torrent are heigher than't

those of 1eft torrent.

The river channel below the Provincial Road at BL. 140 rn is _
scattered into many ditches 1n a large tract of rice fleld and most of'

water 1nf11trates 1nto the underground.

2)_: Budiao River"‘ .
" The Budlao River originates in’ southern actxve and steep collapse.

on southern slope of the Mayon Volcano. And it changes its course to

southeastern directiou.l There must have occured a land slide of & big'
scale in the’ uppermost reach of ‘the basin, previously. And stlll,__ o
there oc0urs an active sediment yield “1E, h0wever, will not direotly”

‘menace the lower reaches because upstream the water fall at EL. 600 m,
“the river bed slope is rather gentle and the riVer course is

i F. [N D
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Eunctioning well as a control and a storage ot dehris. Between EL. 500
m and Ef. 300 m, a QOrge in 20 m in depth is formed. It paSSes debris,
.and lateral eroaion in small scale is occuring. Between EL. 300 m and
EL. 190 m, along the reach of 3 km, the river width varies between 100
.m and 200 m, and the width of deposition of debris is l 5 km in o
_maﬁimum. The bed slope there is abOut l/ls.' The swelled eonvex ;
deposit on both sides of the river course proves a vast amount of :A
'-debris flow in the past.; The debris and sand flow suddenly stop at

EL. 180 m. Most of the water infiltrates into the underground his
phenomenon is cOmmon in Mayon Volcano. But thlS is the most typical
Immediately aEter the above sand and debris deposition, ‘there exists a
"large tract of rice field.

3) Pawa—Burabod River

The Pawa-Burabod River is the most active and violent stream all
the tributaries of the Yawa River. It has a plenty of debris
'_production 1n its upstream reach. it originates in collapses on the
southeastern slope of Mayon Volcano. Two {2) deep gorges join at
EL, 500 m and flow down to RL, 340 at a steep slope. It puts a right
tributary together at BL 300 m. As the present river course does not
have bsnks high enough, debris gushes Out W1th heavy rain and easily
overflows the leEt bank between EL, 2?0 and 230 m. Bonga can be '
attacked from behind There is a clear trace of debris dispersed
toward this direction. Debris is dispersed and deposited in the middle
reach, and the alluv1al Ean formed has really a wide area. Bottom
length aloug Provincial Road at EL 100 n is as 1ong as 3 km between
Mabinit and Matang. ?rom 300 n upstream of Bonga down to Pawa training
levee, of grouted riprap was constructed for 1.6 ke on left bank and
0.3 km on right bank, It is to protect Bonga, Burabod and Pawa and a
tract oE rice field from fiooding. Extensioning of levee is now under
way by Legaspi city Engineering office under the control of the
Ministry of Public warks.- In the lower reach after Pawa most of water'
infiltrates into the under grOund and river channel becomes gentler and
narrower and joins finally the main couzse at Bagtang. '

For this River, the detailed Sabo and River Training WOrks was :__
designed by the previous JICA Study Team, as one of the pilot projects

in the Mayon Volcano Sabo and Flood Control Project.
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3.4. 4 3 RlVer WOrk SectiOn . . .
' The main ‘course of ‘the Yawa River has gtaVels and bouldets in its
m1ddle reaches. However, the river ¢hanne1 sedns stable. E AP

The bank ‘étosion is séén in the middle reaches for which some bank“
ptotection work is requi:ed. The bridge cun 1ntake dam fot industrial
water for paper mills at Quilicao hinders the passage of flood flow.
This should be’ replacéd by an-intake structure_with a movable wele,

 From Quilicao to the point near the Legaspi aifpbrt, the banks aré

provided on ‘both’ sides, However, about 2.5 km of the lowermost reaches
of the 'Yawa River causes sometimes inundatgon with 0.5 n déep during -
high fio&d."”ThiS”secéibﬁ'wifllféquifetthé'céhsﬁfuétiOn of dikes to’
protect thé dénéeiy'édﬁuiaiéd'Légéspi*clty”énd its'éubuhbs. It is-
noted that such rivers as the San Roque Rivér ‘should be imﬁroﬁed for
drainage.  Sand spit due to ¢oastél sedimentation is formed at the
river mouth, But.it has been obsétved that it is flushed out’ durirng
the flood. I R

3.4.5 East and No:th—Bast Streams
3.4,5.1 General ' _ _

There are many indépendent stréams originating in'Mayon Volcano -
and-f16w1ng'ihtb Albay Gulf and Tabaco Bay bétween the Yawa River:and
thé Ouinaii {B) Rivéer. Among théSé,’éIéyéh {11) streams wete selected
to 'be theé ‘Ones within the scope of study in this project, They are
numbéﬁéa bﬁéz(1}256:eléven=111)'£t0m”sQuth to ndrth'aé seen’in *
"LOCATION MAE"."One of the important features of this area is that
careful COnsideraﬁion should be made for Sabo works and flood control
works sﬁdﬁid:mEiﬁly fo“HéIiliﬁot} T%bacb;-ﬁéléaing and Malinao, =
Another is that among these, number four (4), s1% ((6) ‘and ten' (10) are
relatively important than the' others.  Elevén’ (11) streams are <0 v
basically dividea ikto two (2) grcups.'"Tﬁoée'{n’the'firSE’gfbup ol
to 6) are ioéatéd betﬁeén the Yawa Ri#er and the Pre Mayon Volcano, s =

- And the river bed siope of them 1s kept steep until they form alluyvial

fans just before pouring into the sea except No.5 which has relatively
longer river course than the others., Among these, number (3), four (4)
and (6) are devastated. Those in the 2nd group {No.7 to 11) are
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located between the Pre Mayon Volcano and the Quinali (B)- Rlver. They .
Elow north-east o north and change. their courses to sast at arOUnd BL.

1oo_m,' Sediment deposition is .notable around hete, and some form big
_ alluvial fans. After changing their courses, river bed slope of them
becomes gentler, and they flow into Tabaco Bay. Among these only

number ten (10} is devastated.

3.4.5.2 Present River Condition of Each Stream and Its Futuce DesignE:
1). No i Stream (Buyuhan Ay River) . :

‘The upstream course forms a small gorge, and it approaches very
nearfto the_Pawa-Bnrebod gryer, a tributary‘cf the Yawa R:ver. .nfter
the gcrqé,'it Eorms a big alluvinl"fan together:with the Pawa—Burabod
ﬁiver. At the junction with Natxonal nghway, sediment load is not

notable and river bed -seems to be stable.

. For Sabo woiks, nécessity of c0nstructicn of a sand retarding

basin at the fan must be checked,

2) No.2 Strean (Buyuhan (B} River) )
This stream is composed of two (2) trrbutaries Elowing parallel

along the southern side of Maycn golf course., The. upstrean gorge is

relatively deep. The northern tributary is flowing along the southern

edge of the gclf course, but it does not seem to be that a debris £low

enters the golf course. Along the SOuthern ‘tributary theré grow

coconut trees and bushes, No_damage downstream due to a debrls fiow is

expected.,

For Sabo works, necessity of construotion of spur dikes and
consolidation works must be checked. For flood c0ntrcl works,', _
revetment by boulders to avold er031on of left bank at the southern
-edge. 'of .the golf course is necessary in case that further erosion is
expected. :
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3) No 3 Stream (Matang River) e I IR .
There exists a relatively new lava Elow .at’ EL, 500 m.ftlnvadin§°ef

vegetation covers reddish-brown surface of lava partially. Erdéién‘at
the upstream portion below lava is not notably tecognized. Due to the
influence of lava, poor vegetation is revealed around there, But it is
st{ll probable that the river course becomes devastated due to fufther
eresioh. Sediment deposition exists down to FL, 80 m. followed by tice
fields downstream.

For £lood control works, canalization to protect newly devetoped‘

area for housing and factories seems to bé necessary.

4} No.4 Stream (Basud River) . | o
This stream is one of the most devastated. And. :ight tributary
comes f£rom the left side of the same lava flow as No.3 stream. And
left tr1butary is relatively stablé. Right tributary formed an
alluvial fan between EL. 230 m and EL. 120 m, and during the flood in
1868, a mass movement of sediment occurred, and sedtment was depOsited.

at the junction with the left tributary at the National Highway bridge.

For Sabo works, several low Sabo dams should be constructed at
around the top of an alluvial fan to control sediment. transportation._
Yor flood control works, protection of bridge pier and hav1ng an
adequate discharge capacity of both flood and sed1ment is required at
the_brldge. And révetment of banks by boulders to avoid further

erosion of rice field downstream seems effective.’

5} HNo.5 Stéean (Bacacay River)

Invading of vegetation is revealed at a h1gher elevatlon than the :
other streams. And gully erosion is in small scale.  Consequently, the
river ¢ourse is in a stable state. Five.{S) tributaries are passing
across National Highﬁay,'but tﬁe discharge capaéity does not seem to be.
adequate, The Ath tributary from south seems to be the 1atgeet in
ordinary diseherge, and a notable.amOunt of sediment transport is
expected during a flood. Judging from a mountaneous mass and the form
of the basin seen at the downstream the National Highuay, it seems that
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the river course could be devastated in old days} But the basin at
present is used as rice fields and is in a stable state.

No'Sabo'and_fldod control works seem t6 be necessary.

6) No.6 Strean (Bulawan River)

O IE flows. through a narrow course in its middle reach, ‘and forms a
fiat plain.- And sediment is deposited there. The river course changes
toward east, and then toward nor th-east after National Bighway and .
flows into Tabaco Bay_at a ‘stéep river bed slope.  The top’ of an
alluvial Fan exists at"the“highﬁay, and a vast amount of boulders and a -
notable_ordinary flow exist there. But the watér'infiltrates
afterwards. As no vegetation {s revealed at the flat plain upstream, a.
notablé amount of sédiment load can be assumed.

NG Sabo and £lood control works seem to be necessary, since no

damage downstream is expected.

7) Ro.17 Stream (Tlagao River)

From the Mayon Volcano, 1t flows north-east and changes its course
- to east at Bf, 100 m and it flows along the northern side of. Malilipot
being joined by several small trlbutarxes ‘From . the Pte ‘Mayon Yolcano.
The river béd 13_now in a stable state, - As Ear as the ordinary
discharge is conderned;'one eastern:mOSt-tributary-ftom the Pre Mayon
Volcano that'fLow along the southern sidée of Malilipot is largest,

" Ho Sabo'work and flobd'cantrolrworks seem to be necessary.

B) HO.B Stream (Tagas River) :

_ The origin of this stream is very near to that of No,7 skream, hut
it flows_northrand=Eléws:along the southern side of Tabaco._‘As rice
fields exist at a highér elévation than thé others, it seems that the
river coursé became stable in-old“days. Profilé of the river course
seems to be quite smooth: ' o ‘ :

- 38 -



#

For flood'control'works,_construqtiah of :etaining wa1i under. - .
planning by the dlstrict office of MW at the eroded portions of .. ..
existing dike on left bank to protect_Tabaco séems reasonable. .

9) NO.9 Stream (Bonbon Rlver) e _ R
The. orlgin oE this stream. is an underground aquifer at, EL..lOO m,.

Around the orlgin, a.gully,e:gs;op in small sqgle_pgn_be,cbseryed, qug:

sedimént_yield.seems to:be sméil,‘and;the_effeép £0wa§ds doqu;team‘ig_;,y:

negligibly smail}. Bven thbugh Ehe water comes from the underground
aquifer, ordinary diSCharqe is comparatively large. And as the :ifer
bed slope is gentle, the. river course is meander1ng and causing r1ght

bank erosion just upstream from the National H}ghway br idge,

" Por flood control works, revetment of right bank by bo&lders just
upstream from the bridge seems to be effectxve ko avoid further erosion

and meadering,

10) No.l0 Stream {San Vicente vaer) L R
The upstrean river course is most devastated among the eleven (11).

streans. The upstream most portion forms the deepest gorge. and there

is a trace that the river course ran to No.8 stream previously. A vast

alluvial cone starts at around EL, . 189 to. 160 m, and'a debriS'flow of a |
big scéale, Flowed along the left side of. the .cone and overflowed
Provincial Réad between San Vicente and San Antonio. After. depositlon .
of mud and debris.. The river course becomés narrower and it flows into
the San Francisco River,  And at the same time, most.of the runoff : -
flows with erosion along the,rzght side of the cone. And it mainly
flows into No.ll stream and partly into'No;lo stream, The downstream |
reach -is thé old river course from San Vicente. Theréfore, it is'QUite
probable that a flood-flows from San Vicente to. the downstream reach of
this stream, The present river course is.used‘fo:,iyr;ggtiqn.ﬁ And the '
disahargé-capacity for flood does not seem to be.adequate,

~Por’ Sabo works, it is necessary to prevent a débris Elow énd a ;‘__
flobd to San Vicente, r"herefom, spur dikes should be coustructed to -:_
form a sand retarding basin for controlling sediment, and consequently
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to pfevehf"é'aebfié‘flbhffrbﬁ féaéhiné San'viééntéaf They -alsé aim at’
conttolllng the: flood Elow ‘atong thé tight side of the cone. _.
Reforestation. should be accomplished by a contour trench method.’ Por
flood contrOI works, canalizatiOn of river coutse is vitally necessry
to 61Vert a £lood. - Construction of dikes on both banks_is requited and
a wider river ‘course’ is also ‘required. -A fﬁrthef3c¢ﬂ$idetét10n should
be given to COastal sedlmentation that’ might effect Tabaco Port due to
this atveérsion work, ‘sincé the dominant diréction of littoral_sand
drift there seems to be from northi-northwest to outh-southwest.

The district offide of MPA has a plan to excavate a cut-off

channel and construct dikes along the river.

11) No 11 Stream (Sawang ‘River) _ _
This is the present river course from San Vicente, And it is used

as an irrigation canal.

No flood control works seem to be necessary.

3.5 Present Conditions of Agciculture
3.5.1 Natural Condition forsﬂﬁficulture-

‘The alluvial plains in the pro]ect area are mostly well suited for
rice’ cultivattOn from the vzewpoint of soil condition. The soils of
alluvial plains are derived from recent alluviuns with soil texture of
silty clay ‘t6 loam and natural fertility of moderate to high. Surface
soxls are silty loam to ¢lay in soil texture and are easily puddled.

“The water résourcas oE exxsting 1rrigations systems of which nat
icrigatiin area totals 9, 400 ‘ha almost’ depend on sufface water of the
major rivers and “thelr tributaties in the ptojéct area. The average
seasonal stream flow at the mxddle reach of the Quinali (A) River- is .
estimated at 8.30 ms/sec in the wet season and 5.75 ma/sec in- the
dry season, ‘while the estzmated flow of ‘the Quinali (8) River is 1.?8

3/sec in the wet season and 1, 03 m3/sec in ‘the dry Sea80n. The
water Quality of river flow does no farm on the irrigated farming.
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3.5.2 Socio-economic Background _ R T ‘
According to the’ sensus in 1980, the total  number of household in

‘the project area is 73,400 into which 39,200 farm households are

included. ' The average farm size is about 1.2 ha,- while about 60% . of .
the total farm household has an farm land of less than 4.9 ha.:

Only 183 of the farm household is owner coltivator. - The remaining'
17% is anortizing farmer, 45% is leascholder; 16% is shatetenants and
42 is mixed tenure.” The share -cropping arrangement or reat for rice:
cultivat:on consisks of sharing system and leaseholder system.“ln the
former ; tenants share normally about 50 ~ 60% of the total Farm
products and 100% of the production costs., The latter has. the fixed
rent which is’ assessed accordxng to the law at ‘less than 25% of the

average normal et income for the previous three ‘crop years, . .

3.5.3 Land Use R Tk Sy S .!”: '; N
The project area covers 70,000 ha among which agricultural lacd.
occupies_44,800 ha comprising 21,700.ha of rice field, 1,900 ha of
upland -field, ‘20,950 ha. of coconut. field, 130 ha of abaca field and 120
ha of citrus field. Out of the ﬁholé:ricé field;lthe'eﬁ{sting,
irrigated area /is 13,000 ha in gross-and ‘9,300 ha-in net,  The rainfeg

area is.6,600 ha in net among &,700 ha in gross.

Thé non-agricultural land amounts to 25,200 ha in totalvineludinéjuﬁ
10,200 ha of forest and 7,700 ha of grass land, ..Duz.to such:
1imi£aticné'as*slope-and soils, however, ‘these areas ate mostly not

suitable for Furthet reclamation to agricultural land.

3.5,4 Agricultural Production

Thé'prédcminant"cropplng pattern-of ricé in the projéct:area is -
resttidted'bydthé'raiﬁfall‘pattérn'and also influedced by<typhoanand'_
flood seasons: In-the Quinall'(A):River basin; double cropping of rice -
is practided-on iriigated field. . The 'wet.season rice cultivation .. .
starts in April t6 June and énds in:August to ‘(.)CtOberr.; The:dry geason’
rice is sown from November to January and harvested from March to May.
In the Quinalir(B) River basin, the cropping pattern starts nearly oOne
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month earlier than that in the Qulnali (A) Rlver ba51n._ The both

' cropp1ng ‘patterns are illustrated in FIG.~3.5.1 and FIG.-3,5.2.
Fatining praéticés have_partially been mechanized by introduéinq

hand-tractor but still cavabao is used for most cases, For spraying -

and threshing works, compressed air-type sprayers and threshers ate

used.:

Inproving hlgﬁ—yeilding'rice varieties such.as IR-36 and IR-42 are
the majority in the project acea. . The fertilizer application is the
comﬁon agricultutal ﬁraCtiCes for rice ¢uitiVati6n. Based on the farm
survey carried out. the average uses of fertilizars in the Quinal1 {A)

River basin are 76 kg N/ha, 16 kg P /ha and 8 kg K. O/ha, and
| those in the Quinali (B) River basin ate 67 kg N/ha, 19 kg on ./ha
and 6 kg K /D/ha. As damages to rice by pests and diseases are
slight, farmers apply insecticides normally 3 to 4 times for a

preventive measure,

According to the saﬁple'surVey on rice yielﬂ'through interviews,
the average yleld of irrigated ¢ice in the sample sucrveyed area. is
estimated at 3.2 tons/ha as palay.in the wet season and 3.5 tons/ha - in
the'dry season. Thoese yields are considared to be'cbtained under the-
flood—free condition and through well extension services. The actual
‘yield estimated in the whole project area averages 3.0 ténS/ha for the
wet_season'irrigatéd palay, 3.2 tons/ha for the dfy séasbn~irrigated :
palay and 1.6 tons/ha for the rainfed palay. The annual production of
palay is estimated at 70,900 tons béing equivalent to 1.3 times df the

estimated local consuﬂptiﬁn'of palay in the project'area.

Coconut iz also the most important crops and magor upland crops
are maize,. cassava, sweet potato, vegetables, banana and citrus in the
project-atea. About 20,000 tons of copra are annually.produced from
21,200 ha bfrcocOnut field, The plantéd area of abaca and maize has
not incresed due to prevalence of diseases.



3.5.5 Market, Price and Agricultutal Support System '

The production and distr:bution of improved seeds and plant
materials are the responszbility ‘of . the Buréau of Plant Industry
:(BPI). The farnm gate price of ordinary palay has fluctuated between

0.88 and 1 00 P/xg since 1975, while the price of urea raised from 1.44 -

to 1. 93 P/kg, the hireéd labour charge becare 2.4 times and the -
consumer’ s prlce index increased by 90% during the same period

BPI.haS two research stations in Bicol regions. Tt is ¢onducting
rice'anaiédfﬁ ékﬁéfiméhfs at the Bicol Rice and Corn Experiment Station
in Piiif:ahd iésééréh:ﬁOrké'fot végéfablés, rootctdpé and ééreal=crdps'
at the Albay Experiment Station in Tabaco. Since 1975, the Pood and
Agrncultural Organxzation (FAO) and the United Nations Devélopment.
Programme {UNDP) have been carrying out the fertilizer field trials at.
560 trial plots established on Earmers' fields in the project area.

The resu1£S'shbw'the'high yieid'potentiality of the project atea at the
experimental'leVél under which the’ wet season palay yield is 5.6

tons/ha and the diyisea56n?yieid is 6.9 tons/ha-at'the'treatmént of 105 -
kg N/ha, 20 kg P,0_/ha and 20 kg K,0/kg.

Tﬁe:Butéaﬁ of Agricultural Extension (BAEX) and BPI promote
comprehensive agricultural exténsion programs relating to Crbp.
production;'ppultfyfénd'liveétdck, fétﬂfot@apizétidn;'cfedits, ete,
Among the programs, the supervision of credit schemes such as the
Masagana 99 and thé Masagana Malzan plays an important part in the
extension work. -The number of extension worker as of 1980 for the
Albay Province is 118 in BAEx and 56 in BPL.

The.HasaQana 99'program is an agricultural credit for rice _
production, the Masagana Maizan program is for maizé, sofghum and -
soybéaﬁ;pfoduction, and the"Guiayan‘Sa’kalusugah prégram-is for
vegetables, The avefage amount of loan provided to one farmer was

 about 2,600 pesos and repayment rate was 85% fn 1979.
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3.6 Ptesent Condition of . Irrigation and Drainage Systems TR o f .
3.6.1 General View of Irrigated CondltiOn in the Project Area :

ik Y

;ff

Qut of. 44,700 ha of agrlcultural land in the progect area,‘rxce
f1e1d occupies approximately 21, ?00 ha and ‘extend over three ma)or
river basin, namely, .the Quinali {A}, the qunali {B) and the Yawa
River basins, and - the Bast and North- Bast areas of Mayon volcano. At
present, tota1 13, 000 ha of rice field is 1rrrqated under exxst1ng .

irrrgation systems.

Thére are-d_Natibﬁal;Irrigation:Systems céyeriﬁg épproximatgly_ .
'2,400-ha;-and'65 Cofmunal Irrlggtion’SYstéms”¢0vering abOurnlo,GQO-hg
in the project atea. TABLE-3,6.1 shows the net_irrigablé area of |
existing irriqatlon'systems.._FKG,¥3;6.1;$hOWSVlocation of each

ircigation system.

The Mational Irrigation System is implemented from planning stage
to construction stage by the National Irrigation_Administration (NIA) .

Operation and maintenance works after accomplishment of the project are

- 5
S

continuously carried out by NIA.

The Communal irrigation System is aiso.implemehted from planning
stage to construction stage by NIA, but operation and méintenqnce works
are handed over to associated farmers' organization after 7
accomplishment of the project. Some Communal Irrrqatlon Systems have
systematical irrigation canal networks with major permanent fa0111ties
such as headworks and related structures.. However,‘thg_other Communal :
Irrigation Systems havé'only_tempOrary brush dams gnd_simple,irrigatioﬁ.

canal networks which are operated individually by farmers themselves.

Canals of the existlng 1rr1gation systems are almost unllned and
trapeZOLGal. The irrigation facilities and canal networks are kept in

good ocondition.

Drainage canal networks in the existing irrigatioﬁ systems are nbt
completely established yet. A number of natural rivers and streams in | s
the project area are utilized as the draxnage canal networks. Q%
Therefore, a tocal inundatlon often occurs just after heavy rain.
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3.6.2 Existing Irrigation System iir'the Qhinali (A} River Basin 7.

Total rice field in the Quinali (A) River basin 18 12,400 ha’among .
which 8,530 haris iftigated uﬁder 31 exiStiné irkigatien'systems
consxsting of 4 National’ Irrigation Systems ind:27- Communal itriqation
Systems. The net area benefiting from these exxsting irrigation
systems is 6 320 ha, - : ' R S

_ Water sources for these irr1gat10n areas are malnly surface water’ -
from the Quinali {A) ‘River and its tefbutaries, In addition, there'is -

abundant spring water in the slope area of Mayon Volcaho, which is also '

"used as irrigation water,

The 4 Nataonal Iir1gat10n Systems, namely, Na3151, Ogsong, Mahaba,
and Hibiga, are located on the rlght bank of the Qu1nali {A} River and
cover 2, 400 ha of rice fleld. There are 9 permanent headworks buxlt o
thetein. Total 1ength of the existing main and secondary canals is
about 75 km, and these canals are almost unlined and trapezoidal
Canal networks of the irrigation systems are maintained in good

condition by associated farmers.

The 27 Communal Irrigation Systems provide with 1rr19at10n waterA 7
to 6,130 ha of rice field. At present, there ate 5 permanent headwerks
huilt on the Quinati (A) River aﬁd'its.tributaries, ﬁﬁile other ihteﬁei
facilities consist of temporary brush dams and free intakes. Main and

secondary canals are almost unlined and trapez01da1.

3.6.,3 Existing Irrigation System in the Quinali (B) R1ver Basin :'
Total rice field in the Quinali (B) R1ver basin amounts to 3 950 'i
ha among which 1 990 ha is irrigated under 8 Communal Irrigation ) ‘
Systems. These are scattered along the lower reach of the river fron
San Antonio to Malinao.' The net area benefiting from the_irrigation

systems are 1 370 ha._‘_

The intake facilities in of the irrigation systems, except
Tuliw-Pawa Communal Irrigation System which is provided with permanent

‘headworks, are temporary brush dams or washable boulder dams. Main and
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.secondaryﬁﬁénaispggq aimost.uniined anditpapezoidal,_aqduarglof‘dqal
:p&rpOSés:QELitgiqation}and draihage,

3.6.4 Existing IrrigatiOn System in the Yawa River Ba31n

~ Total -rice field is $50 ha among which 380 ha is ir:igated unde: 3
'_ Communal Irrigation Systems, The net area xrrigated amounts to 310
ha. Ma]or facilities in the existing 1rrigation systems are only
temporary brush’ dams. The canal networks are of dual purposes of
irrigation and drainage, and are kept in good condition by a95001ated

farmers..

3.6.5 Existing Irfigation System in the East and North-East Area of
Mayon Vblcano
' Total rice field area 15 4 800 ha, among which 2, 100 ba is -
commanded by 27 Communal Irrigat1on Systems._ The net 1rrigation ateas
are 1 900 ha. These 29 Systems are scatteted in the East and
North—East area of Mayon VOlcano with the elevations between EL. 20 mn
and EL. 120 m.

The existing irrigation systems have'ménf'teméo:ary brush dams and

31mple canal networks. Canal networks are not fully developed yet,
and some existzng irrigation systems are of dual putposes of

irrigation and drainage.

3.6.6 Governmental Irrigation Development Plan

o Five—yea: Communal Irrigation Development Program (1981-1985) 1in
~ Albay PrOvince has been establisheﬁ by NIA, The program includes
'rehabilitation of existing Communal Itrigation Systems and new
development of irrigation system in the project area, The
implementatxon of plan is scheduled £rom 1981. '

The féﬁébiiitatioﬁ bfograﬁ‘aims'ét.iﬁtegfétion of 35Exis€iﬁg-
irrigation systems with a total area of 1,664 ha in the ouinall (a)

River basin and 2 systems totalling 585 ha in the Quinali (B) River
basin., *
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As for the new development program, 4 schemes are contemplated ini ..

" the project area, Among them, 3 schenmes are 1ocated in the Quinali (A}

River basin and -cover 1 030 ha., The. remaininq new SCheme is located in
the East and North- East -area of Mayon Volcano and its total -area
amounts to 312 ha. * ‘ :

3.7 Present"conditioﬁ'of Infrastructure - . i -

3.7.1 Population and Labor Structure

Presént condition of infrastructure in the project area. describes
as follows on the ba51s of socio—economlc ~and physxcal profile of Albay
Province and of twelve municipalities and Legaﬁpi Cxty.' Total
population of the pro)ect area was 419 thousand in 1980, 377 thousand

-in 1975 and about 52% of the total popalation of Albay Province.

Accbrding to the population census, it iﬂcrease& by 2,24 and 2,7% per .-
annun during’ 1978 to 1975 and. 1975 to 1980 respectively. ' The - .
populatioﬂ density was 599 persons per km2 at present and the

populatlon was concentrated in the project area referring the average

‘density of 286 persons_per km2 in Albay Province. The project area

is predominantly rural’ and only about 20% of the total population lives
in the Urban area, " The number of barangays-are 307 and about 50% oOf -
the total barangays is located ia the .project area.

Total households vere 73 400 in 1980 in the project area and an -
average famlly size was 5, 7 persons. The households increased_at 178
during 1975 to 1980, - '

‘ With respect ts'aée_éompositioﬁ,*abéut 47% of total population .
beldngé‘to'fbuﬁger'age group 0-14 yéars, while about 50%-£o_working‘
age group from 15 to 64 ‘'years and the remaining 3% to older -age group.

_ Out of the persons of Albay Provinée;-aged ten: years -and over In
1975, 43,1% aré engaged in. -gainful oaeupatlon and 53.8% in- non—gainful
occupations sueh as students, houseXeepers, - Agticulture,_forestry and.
£1shing wére éngaged in by 53.8% of the gainfdi workers. - On the other -
hand;fthé'pfépbrtibns of ﬁainful*wdrkérd sd&h-aé.manufactu;ing;
congtruction andICOmmerée were 18,5%, 3.1% and'G;O%:respécrively.
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3,7.2 Inftastru&ture i Lo Lo . =~
3. ? 2.1 Roads g e T Lo T %;
Tue barangays, the mucinipaltties and the: growth centers in the

L o

project area: are 1nterconnected to each: other by national, provincial,
_municipal, city and barangay roads. The national road has 21 rocad
rinks of 173.63 km, and especially the Daan Mahar ixa nghway {Manila
South Road) serves as the mailn arterial road traversing Albay Province

and leading to the ‘extéernal zones of Camatlnes Sur and Sorsogon.

The project area has 138.96 kn of provincial road, 139.77 km of
mupicipality/eity road and_238.37 km of.barahgay road.  All barangays
within'préject'area'afe with road connection. -

Presently; the project area has 688 73 km of road and indicates at
44.7% of the total length in Albay Province, With respect to the road -
classificatiOn of surface matezlal, gravel and earth surfacing road is
estimated at_60,5% of total length in the project area and at 76.3% of
.the i:ead length except néi:i,onal road. - N . %

-Bridges of the road network is composed that concrete type is at
approximately 12% and the reést are tlmber, bailey, foot, suspension
bridges and spillways. Out of them, some bridges were constructed

during the Spanish era.

3.7.2.2 - Railway .

' The railway southline of 474,05 km. 1inks Manila and Albay. - This
line_passes through 4_munlcipalit1es of Albay Erovlnce, namely,
polangui, Oasg, Ligac, Guinobatan, and ended down to the terminal point
at Camalig.'.The'original terminal at Legazpi Clty was cut-off when the
1975 fidod_ﬂashed4away“theesteel'bridge at Daraga.

. The rallway length between Bato station and Camallg station is
40,06 km and-13;63 km: bétween Camélig and Legazpi was dismantled from
1975, New. réilway Line (Peviation Line. Projeéct, Geinobatan-éamaligv
Daraga} is under constructiOn from 1977 and will be completed in . . - P o
December 1981, - This Line 1a 18,8 km. length and 1s located at southern 13
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area of Mahallka Highway to avold the. influence of debfis flow and
£lood from Mayon Volcano.—

- There is train service available in Albay'Ptevince* three a day
setvice of nhorth bound and south bound raspéctively: between Albay
Province and: Haniia. I ‘j:‘ff“”"f“V“ R IR SR

The railway in the project.aéa hag 41 railway bridges and these?;.*'
bridges are mainly made of I-beam and wooden pile bridge. The bridges
located over the tributary of the Quinali (A} River between Ligao and |
Camalig were constructed as temporary brldge, since these b:1dges are
affected by the flood and debris flow. :

3.7.2.3 Flood Control

Some part of project area is annually inundated at present during
rainy seaSOn‘by the flood of the Quinali (A) River and the Quinali’ (B) -~
Rivét and’ thé ‘area around Mayon Vocano is affected by thé' inundation
and sand sedimentationi.' Also the government infrastructuce such as.’
road structurés, railway structures and river‘facilities‘are'daﬁaged'by :
the flood water, Therefore, the ministry of public works has 17 river
control projects and.city Engineering Office has 4 river control

project in the project area.

In 1977, the ministry of Public Works undertook a flood control
construction of 10,951 m and.10,762 m repairs of dike and continued the:
construction at éresent{ ‘ However, some levee and dikes are :damaged
avery year by the flbed and;the’dsaméged po:tioﬁ'are“reconstructed'¥»
after flood. Totai“ambuhtjof P4, 74=mi11ien5wae‘s§ent'for the'Quinali'
(A)  Rivet and Quinall (B) River and total amount of P-'1,49 million was
spent for the’ YaWa River durxng 1975 to 1979. AT

3.7. 2 4 Communication

The Mayon Telephone Cooperation (MATELCO) ‘operates the telephone
system 1in Legazpi city, Daraga and Tabaco. Albay Province accounts for
29.8 percent of ‘the total Humber of telephone connection in the Bicol

- Reglioén apd the number: of 1 320 subecribets 1ndicates a low:density of -

0,17/100 population in 1977.
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_f_ All municipaiities and ‘one: city in Albay Province are - equipped _ -
with telegraph service Operated by the Bureau OE Telecommunications. C %}Q
Also six private telegraph companies complement the telegraph ‘service.

POStal service in Albay Ptovince is provided mainly by the _ :
government post off;ces to the municipalities and clty and 1.6 percent N
of all barangay are served by postael agencies. This_yields an average

ratio of 0, 04 post. officer per. 100,000 population. o

3.7.2.5. Wate:works System : o . :

The water supply comes from: mainly Erom springs, arte51an wells,
shallow punp wells and open wells. _All the pob1a01ons and city are
-_setved with a piped waterworks system, however, this system is far from

adequate.

3.7, 2.6 Power _ Coe . S

The electrification of Albay Province covers Legazpi City and the.
poblacion of 13 municxpalities of project area. The electrification X
supplied'by tha Albay Electrib_cooPerative affected 18,300 household . %§;
" 'which is about 16 percent of the total houschold, 2,500 commercial. |

consumers and 69 industrial consumers.

3.8 Fiood and Sediment Damage
~ 3.8.1 ‘Qeneral - SRR . ; ‘

: The £lood and sediment damages are classxfied into tangible
damages ‘ang. intangible damages. in. general. The tangible damages
consist of direct physical damages and 1nd1rect damage such as loss of
income, wages, interruption of services, utilities, and transpoctation)
'perturbation of markets; temporary rentals:,unsual expenditures; and .
speciel damages. The intangiblé damages consist, for example, of loss

of life, personal injury and sickness.

The flrst field inventory survey on the flood and sediment damages
in the project area was carried out in 1979, and the second field
_lnventry sutvey for the maeter plan study which is a followuup of: the ..
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first survey was made in 1980 by using topographic mépé’on’the;scalé offf

1/25,000." "bata of ‘the: flood and sediment damages:in the project . area '
were malinly. collected for the following three aspects: ' C )
infrastructures, agto~econ0my, and irrigatiOn facxlities to be studied.-.

Data of the flood and sedament damages ace available Eor 5 years .
since 1975 to 1979, of which the data of the Elood ‘and  sediment damages
due to Typhoon “Pépang“ in 1979 are mainly used for. this study.‘ BT

‘As é result of these fieid'invqhtOIy'survéys‘ahd studies, primary @
causes of flood are considered to bé as follows.

1) There are local sediment of'sandtdebris at individual river ...
_structures ‘such as bfidgés. éulvérts, headworks, etCrf;in_thQuﬁ
Quinali (A) and the Quina11 {B) Rivers. The iocal sediment
decréases the stream flow capacities of 1ndiv1dua1 river
section against flood.

2) brainagé strictures such as culverts and small bridges . |
constreacted on the tributar:es of the major: rivers have. not*:-a

énough flow’ capacntles compared with drainage water Elowing

out from rice fields. Therefore, the flood £lows over rice -

flelds and in many Barangays and some. mun1cipa1ities scattered
along the Quinali (A} and the Qulnali {B) Rivers and their
tributaries. And -inundation due to the flood lasts from 2

~ days to a few wesks in the individual area.

3.8.2  Damaged Area. . -1 SRR 'A&.a'ﬁl. ST s
*According to the results of fleld inventoty surveys ‘and- studies,: "
it ecan be said that the damages ate mainly caused by the lnundation due.

to Flood, The_inundatlon area is delineated by counterchecking the

data of the field inventozj‘sﬁrveyQ“and the reseults of hydrological
and hydrdulie. analysis, éxpecially, in view of: inundation depth and
inundatién petiod. As the feault, the damaged aréa due to: Typhoon St
*pepang” 1s appréximately 113 kn? in the project area as shown in’
FIG,-3.8.1. Tha damaged arcas of individual river basins are BRCEREEE

sumnarized as Eollows.
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1) . The Quinali (A) River basin _ : & e . ,
The lower part of the Quinali (A} :iver basin: tha vicinity of
Lake Bato, is inundatéd annually for more than one week by backwater

from the: iake during the rainy season. : According to water 1evel‘rec0rd :

of Lake Bato which has been observed since 1974' the high water level
rises’ annually up to nor e than B 30 m above mean sea level as shown in
: TABLE—3 8.2.' One of the main causes oE the backwatet is sureiy

shortage of drainage capacity of. the. Bicol River which originates Erom-

Lake Bato and functions as the outlet of the lake. The middle part of
the basin is alsoe inundated by the floods from the streams crossing the

'area dué to their less flow capacitxes and bréach of- river dikes by

. ficod, The inundation depth varies from 0.3 m to 0.5 m and the

inundation period lasts for 2 days to one week. Since a lot of
Municipalities, Barangays, road’ network and infrastructures
concentrates in this aréa, the damages to these facilitles are serious.

Flood in the areas along the ﬁpper reach of the Quinali {A) River
and its tributaries is of tOtrential nature involving sand debris. The
causes of £1003 are malaly their limited flow capacities and
obstructions such as_bridges and road culverts. constructed on the
rivers.. Thete'are only local dahages in this area such as erosion of
river bank and éediméntation of sand debris In rice field and river

atructures and on the roads,

2} The Quinali {B}) River basin and ‘the Yawa River basin
Plood occurs almost in lower parts of both tivers mainly due to

-limited flow capacity of the rivers, especially at river structures,

The flood often flows in the Municipalities, Barangays and rice fields .

along Provincial road, but the inundation period is not so long; one
day at nost ., '

3) The: Eaét and North—East Area of Mayon vol¢cano

The flood is mainly of torrential nature involving sand: debris,
which cauges only local damages-such asnerosiOn of river.bank and .
deposition. of -sand deb:islin_rice'field'ana_river:strtctutes and on the
roads, i S Celrhemlra it
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3.8.3 ‘ Damage to Crops U S T L e antin *“"si~h

Flood damages to Crops were caused for moet Cases by typhoons,
whose damages ‘to Crop were surveyed by the extens1on workers of: BAEx
municipal ‘offices whenever typoon attacked the project area. According:
to the inforitation of extension workers, typhoon damages to-upland
crops such' as coconut and abaca mainly conslst of damages by strong
wind and those damages caused by flood ate negligibly small.: The
typhoon damages to palay 1n the project area are mostly flood damages
and in some cases includé strong wind damages resultinq in shattering
of rice grain and sterility of graln. Only the information on ‘the
flood damages to palay by typhoon "Pepang” in- 1§79 is ‘availablé in BAEx
offices. This information as summarized in TABLE-3.8.3 ‘Shows that -
4,100 ha of rice field was affected by flood and §,130 tons of palay
was lost in the Quinali (A) River basin, while affected area 939-1;410\'
ha and production'lOSs'ﬁas'480-toné in the Quinali (B}'Rivef~basin.f‘

3.8.4 Damage to Irrlgation Facilities

Ava11ab1e data of damages ko irrigation facilities caused by £lood
oE ¢ach typhoon and monsoon for 5 years from” 1975 & 1979 were ©
collected in the project area, These data were prepared by NIA staff
based on the invest1gation carried out immediately after -the £160d of
each typhoon and monsoon., The damages investigated ifnclide nét only -
those on National Ir;igation Systems but also those on Communal
Irrigation Systems. 'TeBLE—3;8.4 présents the flood damages to the
irrigation facilities during the period f:om 1975 to.19795'

The damages investzgated in the Qulnall {A) r1ver basin include;
(1) erosion of fore’ apfon of the existing petmanent headworks ‘and
scouring of protection wall: (2) sedimentation of sand and gravel in
front of overy intake gate: (3} complete breach of temporary brush’
dams: {4) local erosion at'foundatlbﬁ efithe'river'structutes:* (5)
erosion and eeoering“éf cehal?embankmentz-’{ﬁy 1oea1’sedimeﬁtation_of=
gand and gravel in canal networks! ‘(7)5seaimentation_of3sand'and
debris in rice field along the Quinali (A) River: and {B) local
erosion of rice fleld aloﬁg the upper reach of the Quinali (A) River,
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The damages observed in the Quinall (B) river basin consist oE . A
(L) erosion of fore aptOn of existinq permanent headwotks; 2y - . _ '%i
~ conplete breach of tempOtary ‘brush damst - (3). local erOSion and '
sedlmentation of sand and gravel around theé. river structures: - {4) .
erosion and scouring_of canal embankment: {8} local sedimentation of
sénd and debfiq_in‘cénal_netwdrks: and (8} local eroslon of rice field
élonq the-stéép streams.'-'

The damages occured in the East and Northﬂxast area of Mayon
. Volcano include; (1) breach of temporary brush dama; .(2))1oca1__w..
sedimentation of sand in canal network.and_in_tice,field: and (3)

local erosion of rice-field along the steep streans,

3.8.5 .Damage to Infféstruetﬁre _ o .

In this study, the damage to infrastructure consists of the
damages such as those to houses and buildings, national roads,
provincial roads; municipal roads, barangay roads, railvays and river
facilities. These damage data are collected by the field survey , ]
_between July and August in 1980.. ' | §§

The field data for the-damages'té houses and.buildings were
collected after first-identifying those barangays suffering from the
greatest daimage in the past and-inundaféd'every year. . This informaﬁiOn
was obtained from the Ministry of Public Works, the District .
Bngineering Office, the City”Enginee:ing Office, the Provincial
bevelbpment'StafE, the Municipality, eté,

The damages to government infrastructure were éollected as the .
estimated damage costs due to. flood caused. by typhoon and “heavy rain in
Albay Province. These damage costs were obtained from the Ministry of
Public Works, the Ministry of Public nghway, the Provincial -
Engineering Office, the Municipaltty, the City Engineering Office, the
District Engineering.office, the Philippine Natipnal\ﬂailwaya, etq.‘%
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3.8.5.1 Damage to Holses and Buildings
{1) Flood Damagé Sutvey :
The 1979 Flood Damagé Survey
In an effect to determine tha flood damages caused by Typhéon

“pepang” in September 1979 in the project ‘area, thé Study Téam .
conducted a survey of 13 municipalities and Legazpi City. The sur?éy
collected data on 6amages to houges’ ahd buildsings and out the social

: impact of the £lood,

During the survey, the Elodd'damége data was obtained eépediéiiy-? :
from interview with barangay captains and staffs of each municipality
on random sample basis, The estab]xshments and buildings damage data
was obtained from the Provincial Devélopmént Staff. This data,
however, was damage cost of only fouf’muniéipaiitiés.éuéh'aSJLiboﬁ;"

Oas, Polangui and Ligao and consisted of a few data of barangays.

" 7he data of buildings damage For elementary schools and '
goveérnmental bﬁilaings"ﬁés'Obtainéd £rom only Legazpi City and thése
dapages, however, hete not caused by £160d4 but caused by the wind and .

rain of typhoon.

The Past Flood Damage Survey -

“In the past ‘récords of the flood damages before 1979, ‘it was
confirmed that thé greatest flood damage was oceurred in 1969-1970 and
the next serious flood damage was océqtea‘in 1975‘(Typﬁooﬁ Sisang)} by |

the field survey in thé’prbjecErarea;'-waever,'the data and -
information for”thé'past floba'damageiexcept the government

infrastructure were not collected completely in this survey.

Damagé to Houses and Buildings
' Durihg the field survey in the project area,'the fiood situation, -

inundation depth, fnundation area and damage caused by flood were
collected by interview with about 50 barangay captains.:

v
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Theé inundated barangays caused by typhoon Pepang in 19?9 are more S

than 50 in the project area. Especially, the barangays near. the '
Quinali (A) River of Polangui, Libon, Oas, Ligao, Guinobatan and

Comalig, are inundated every. year due to overflow on levee and flushlng

water from the destroyed dike.

Thé damagé'tq_h0uses qhd-buildtdgsnate,esti@ated_on thelbasisﬁog
flood analysis and data of field interview,

3.8,5.2 -Damaée‘to Govérnment Inftastrﬁcture,
{1) Damage to Road Structures ‘ - o . , o

. ‘The damage data to, road structures were collected dur1ng the
period of 1975_- 1979.},1h;s_damagg,;s glassifigd %nto_the national, |
provingiat;Kmuniéipgl,_gity'gnd;bataﬁgaf:tqads, - )

The road étrﬁctutes wefé.démaged by flood and héavy.raiﬁ every
year, Filling and‘sugfaéing méterials'wepe efoﬁé@,,Sgﬂured gn@;washéd
out. _?ﬁe'groutgd:riprapiwés_spoutéd_and wasﬁédjéut,_-The coﬁéteté and
asphalt pavement were'craéked; . The related structhges'suCh‘as box
culvert and concrete pipe were washed out and timber bridges were

washad out,

. The damage to brldges and roads can be approximately measured by
the. estimated damage costs, since these damage costs due to.each '
typhoon and heavy rain were submitted as the calamity fund to. the5:_
Government by the Ministry of Public Highway, the Provincial SR

Engineeting Office, the City Engineering Offfice and the. Hunicipalities.,

These estimated damage costs in the past records are’ revalued at

_1979 ptice level by uslng an average’ inflatlon rate oE 12, 1% per annum.

considering the consume::price inéicgs in Bicpl gegion of_P_3,16 :
miilion, P'1.06 million, P 3.91 million, P 1,57 million and P.2,10
million for the floods in 1975, 1976, 1977, 1978 and 1979 respectively.
in the whole project area, Also, the revalued damages for each river
basin are listed in TABLE-3.8.5. '
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3 (2) Damagé 6 Railway Structures _ : .
;iék | Railway Etom Legazpl City to Labaco was desttOyed and ﬂismantléd
' " by the eruption in 1933. The railway from Daraga’ to Camaling was'

damaged by debris flow in 1969 after the eruption of 1968 and many
bridges were . damaged heavily in 1975 by’ flood water ‘and debris’ flow'
_from Mayon Vblcano. ‘The' railway system in Albay Provinte has’ been :
disnantled betWéen Camalig and Legazpi 01ty at’ ptesent. The latest
damage due to’ flcod was caused by typhoon "Pepang" in 1979 aad this
damage was occurred at ST.BBBI-BBBZ (Oas—Ligao, the Nasisi River).

The damage to rallway trucks and bridgés wére obtained from the
Ph11ippine Nationai Railway.' Thése estimatéd damage costs in
TABLE~1, 8, 6 are revalued at 1979 price tevel, which are P 6, 11'mitlion
and P 0.32 million for the floods in 1975 and 1979 respectively. '

(3) Damage to River Facilities |
" In the project area, flooding of such main rivers including

various tributaries as the Quinali (A) River, the Yawa River and the

Quinali (B} River, has done damages to river structures caused by
washing out and eroding dikes and by scouring boulder riprap. In the
East and North-East Area, flooding of 11 small streams has not caused

serious damage after eruption &f Mayon Volcano in 1968.

The damage costs weré méasured by the_estimated damage cbsts.
submitted as the calamity fund to the Government by the Ministry of
Public Works and the City Engineering Office. These estimatéd'damage
costs are révaluéd at 1979 price level, which are P 0,88 million,

P 0.07 million, P 0,15 million, P 0 63 million and P 0.97 million for
the flood of 1975, 1976, 1977, 1978 and 1979 respectively in the whole
projéct area, Also, the revalued damage costs for each river basin are
listed in TABLE-3.8.7. |

{4) Damage to Government Infrastructure
Flood damage to government Infrastructure from 1975 to 1979 are
listed in TABLE-3.8.9. These estimated damage costs are devided into

four river basins and are estimated fncluding the indirect damages,
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The indirect damages are assumed to be 15 percenl: of the ditecl; _
estimated_damage costs., This value is . used by the Bureau ot Public o : {i%
WOrks_in_théir damage estfmates of. the past floodidamage_costs._:‘ '

The estimated damage costs at 1979 pri.ce level ate P 11 67 o
_mllion, P 1. 30 million, P 4,66 million, P 2, 53 million and P 3, 90 o
miltion £or the flood of 19?5, 1916, 19??, 1978 and 1979 respéctively
as shown in TABLE-3.8.9.

3.8.6 Total Damage

The damages due to the flcxxl of the Typhoon _“Pepang" in 1979 are
evaluated in monetary terms at the 1979 price’ level using the inflatmn
rate o_,fK Bic_ol_ region showr_\_ in TABLE_-B._G.I., The evaluated results are |
~ shown in TABLE-3.8.10. |
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.. MASTER PLAN FOR SARO AND FLCOD (DNTROL
4,1 Hydfological Analysis
4.1,1 General” s

Hydrological study is made to provide the basic data for sabo,
river and-irrigatxon planning. “Thée study mainly consists of flood
'éﬁalysis;;iuﬁbff analysis andisediment analysis.;,- :

The ‘aFea subject to'the study covers all the rivers origlnating in -
Mayon Voicénd and those tributaries which ofiginate-in Mt. Malinao, Mt.
Masaraga and other surrounding mountains., The total drainage area
comes to about 1,000 km2, | | o |

4.1.2 Flood Analysis
4.1.2.1 Basic Principle

Aﬁalfsis ts made for the estimation of only probable flood peak
ruroff from probable rainfall for the reasons described hereinafter.

No hourly record of both rainfall and streamflow and no flood'peak: -
runoff record is available within the area. Thus, the flood hydrograph
analysis is obliged to be giveh up. Also, the flood hydkdgraph
analysis.is not'alwaYé needed for the present sabo and flood control
master plan. Accordingly, the estimation of only probable flood peak -

~ runoff based Onithé_probéble rainfall is satisfactorily accéptable,.

In arder to estimate the probable flood peak runoff, Raticnal
Eormula is employed, which is cammonly used for that purpose, It is
expressed in the’ form of ' :

Ty P e T

where, . Q is flood peak runoff. in malsec,-A is drqihage areé
in'kmz, T is average rainfall intensity over the basin for a given
duration equal to flood concentration time in mie/hr and £ is runoff
coefficlent,
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4,1. 2 2 Probable Rainfall RTINS Lo .
The annual: maximum point rainfall and areal ralnfall within the
area are statlstically analyzed enploylng three methods of Gumbel's,

Hazen's and Iwal s ones.

TABLE44;1.1 and TABLE—4.1,2,}ist fhe.bfobaﬁle point rainfall Qiﬁh n
'differeht::eturn periods of the stations fn the area and the probable
bésin_average~fainfail,for the Quinali () River basin with a drainage :
area of 523 kmz.indluding the Talisay River basin. |

4. 1.2.3 Depth ~ Area - Duration Analysis
In order to estimate the average rainfall 1ntens1ty in Rational

formula, the rainfall depth~area—duration relation is analyzed

- The'depth-afea relation is defined by_Horton‘s}formula because of -
oo existence of isohyetal map'which is the essential data for
. construction of the actual depth-area relation in the area. Horton's

Formula -is represented by
P = Po . exp (-kA™)

where, - P is average depth of rainfall for a given duration over .
a certain area in inches, Po is the largest rainfall amount 1n the area

in inches, A is area in square mlles and k and n are constants.

Po is estimated at an increase of 50 percent of the point rainfall
at a statlon selected as a representative one based on the. actual -
data. %The constants, k and n, are empiricélly taken as 0.1 and 0.2
respect1ve1y for 24-hour rainfall in the United States accordxng to
Horton. In this study, n is determined as 0.3 letting % be 0.1 _‘
constantly based on the probable basin average 1~ aay rainfall of the
Quinali (A) River basin including thée Talisay Riveér basin’ ag’ mentioned

before.
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PIG.-4.1.1 ‘shows tho depth-drea relation after Horton. :

 Then, the depth-duration relation is studied for Legaepi station
which has rainfall records of &-hour iﬁtefﬁale;' Since the flood
concentration time for the sub]ect basins may be less than 6 hours, the

'depth-duration relation should be defined W the proper formula: to

estimate the rainfall intensity for. the duration_oﬁ,less‘than 6 hours. -
Talbot's formula was employed'in"this study, It is experessed in the
form of ' o

Where, I is rainfall intensiiy fi.e.'dépth} in mﬁ/hr, E.is
duration in hours and a and b are constants. The constants, a and b,
were detérmined by the least square method for the probable ralnfalls
of Legaspi with the duration of 6-, 12~, 18- and 24- hour.

FIG.-4.1,2 shows the probable taigfall_iptengity - duration cutves
for Legaspi generated. This relation is applied to all the basins .
proportionally depending on the rainfall magnitude. '

4, 1 2 .4 Runoff COnEficient _

Runoff coefficient 1in Rational, formula is taken as 0 ? uniformly
over the. area applying Japanese standard because of no available data_,ﬂ
in the area and no definite instruction on that matter in the -

.Philippines. The value of 0.7 is given for the mountainous area and

paday fleld which o¢cupy almost of the a:ea.

' 4.1.2.5 Flood Concenttation Time

Flood concentration time 1is estimated by employing Kraven ]

formula: whlch is applicable for both estimates of the time required forr o
flood to flow out into the river course from the farthest point in the

basin and the time reguired for flood to run down through the river
course up to the point in question.
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Kraven gave the following empirical values on the flood velocity
depending on the river bed slope. '

 PLOOD VELOCITY AFTER KRAVEN

g

'River Bed Slope .. 17100 . 17100 - 1/200 17200

modd"jvéwclty’-(:dfséc)'- 35 30 . 21

4,1.2,6 Probable Flood Peak Runoff

_ The base points are selected taking into account the relatlon with
sabo planning, river planning, etc., and then the reptesentatxve
stations are sélected based on the record length and reliability of the

record.

The" probable £1604d peak runoff at each base point can be
calculated by substituting the drainage area; funoff coefficient and
the probablé average rainfall intensity during the flood concentration
time which is given by thé}brébablé‘dgpfh—aréa—duratiOn relation

~analyzed before to Rational formula,
The reseults are summarized in TABLE-4,1.4.

The results are examined with the specific discharge diagram of
the recordéd maximum £lood peak rumoffs in the whole Philippines. It
is oonsequently notéd that the results are reasonable,

4,1.3 Draught and Low. Flow Analysis Co

' Praught and low flow analysis is essential for the irrigation
_deveIOpment scheme. 1In this study, low rainfall amount - and low: flow
"are ététistiééll? énalyééd by Waibull's extreme value frequency
analysis methbd ‘which is commonly uded for the statistical analysis of -

annual minimum events.
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TABLEué 1.5 and TABLE-4:.1.6 show the prbbable draught annual

ralnfail and the. p:obable annual minfnwe monthly rainfall TABLE-4.1.7. -

shows the. probable annual_animum monthly‘mean runoff.-
In addition, the regional dtaught Erequency analySLS is made in
order to estimate.the. draught runofE, in the ungaged basin. . The ...

variation of- nean annual draught- runoff with dra1nage area is analyzed o

and the regional draught_frequency curveils prepq:ed fo;_sglegted_ -
stations in the Quihsli"(k)'Rivér basin, By'combinatisn'use of the

above two figures, the draught - runofE wlth diffe;ent return periods in
the ungaged basin c¢an be estimated easily. .

Then, the drainage aréa-runoff relation is analyzed on the annual
mean runoff, .- The ordinary runoff at ungaged sita can be estimated from
that at gaged sité through this relation.

4.1,4 sSediment Analysis

~ In order to grasp the situation of sedimentation umdec the present
river conditions, the suspended 10ad amount is estimated based on the -
actual measurement records and also the bed load amount is estimated by
Einstein's formula using the sieve analysis results of rivér bed

materials.

Mean annual suspended load.smsunt is estimatéd“at_86,400 m3 for
the Quinali'Rivér at Busac with a drainage area of 232-km? and |
131,000 m3 for the Talisay River at Allang with a drainage -area 05.90-15
km? Easéd on the daily runoff and thé suspended 1osd'rating curves.

The specific annual suspended loads are calculated as 370 -

3/year/km2 and 1,469 m3/year/km réspectively.  The difference
betueen both_values is large. This may be becausge the rating‘cut?e-fo:
Allang wss-oftenVUSed-béyOnd the valid range and the sediment load. ..
amount was estimated with a large.error,. The estimatéd-suspended load
amount - for Busac is expected to be reasonable compared with other -
rivers in Luzon. : -
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© On _the other "hand, mean:éﬁnuai Séd load is’ estimated at 16,600 -
for® the' Quinali Rives-at’ Busac, 1,800 m3 ‘for the San Augstin’

Rivér at San Augstln and 1,100 53 for'the Talisay River at Bacolod in -
the same matner as the suspended load based On the daily runoff and the

m3

':_bed 1oad ratlng curves whxéh is made by Einstein‘s formula undet tha-

 'present river ébnditibns. The ¢a1cu1ation result is very 1nf1uén¢ed -
with the” mean: grain size of - rivér bed materials, The grain sizes for. .
65 percent: by weight at san’ AuQstih and at Bacolod: aré rather: larger
."than that at Busac.- Cénsiderxng the balance with the estimated amount
* of suspended load, thée amébunt For'Busa¢ Seems to be reasonable.
Because, the bed load amount is empirically taken as 10 to 20 percent

of suspended load amount for the river with no data.

Fiaally, the annual sediment 1oad {s roughly estimated at 100,000
m? for the Quinali:River'ét Busac, which is equivalent to 440
m3/yeat/km2'in specific Sediment load,

The sedxment 10ad Eor other tivers are not estimated because of ho

'measureMent record of runoff and sediment load,:

4 2 Evaluation of Disaster Potential and Sediment Yield
4.2.1 General _ _
' A se;ies‘of évaluation méps are déVélOped'by overldying the
topographic analysis data on the basi¢ data such as land .
classifiéhéion,-1and'usé; devastation, etc"mentioned in Chapter 1IIX.
4.2,2 Deébris Flow Potential Evaluation

" As environmental variables ‘concerned with debris flow potentials, _
the rivgr Order, devastation, land classification: and slope - ace
considered, Debfis flows ‘dré easy ! to secur in the stream with the
flrst and ‘'sétond ‘orders ‘and d6. not oceur in ‘the ‘stream with Effth or’
sixth order.: In land olassification, theéy are: 11ke1y~to occur 1n lava L
area and Tertiary mbunéain.:'From the viewpoint of devéstation,ﬂfhey'
'a:§ most likely to occur in proddétive éoliapse, ungatable transport
z@ne'and'unstable'sedimentation zone, which are followed by bare land,
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moderately unstable. ttansport zone, moderately unstable sedimentation

Zone, WNo debris flow has occurred in slopes of less than 9% (5°).

s

FIG.~4.2.1 shows'thé debris flow poténtial ev&luation map. . .-

- The debris flow potential in the Project area is summarized as .-
EOLLOWS: -~ .t oo s ean '

1) In the lowland the west of Mayon Volcano, the occurrence
.probability of the debris flow is very ,low._f

'2)  Most of torrents round Mayon Volcano have a high ocourrence
probabillty of debris flow.

3} - The éccurrence probability of thérdebris_flqw is low in the .

mountalnous area which surrounds Maan volcano, .

4,2,3 Debris -Flow -Damage Potential, Evaluation R

River order, devastation,:land classification and slopes are
considered as environmental variables related to-debris flow damage -
potentiats. Damages by debris flow are easy to. occur 1nithg sE;¢am§ o
with the first and second orders. . No daman;by‘ﬁeb[is'flOw has

occurced in the streams with thé.fifth-and sikth rivet orders.‘: .

In.land classification, démages are hard to occur;in;lava ﬂI?@:n,L~; 
volcanic fan and then in Tertiary mountain and Alluvial fan, The high
terrace plain, hatural levee  and fan-like lowland have.almost no ...
damages. From the viewpoint of devastation, damages are easy to occur
in productive collapse, unstable transport zone . unstable. sedimentation
zone and debris flow. Bare land, mOderately unstable transport zone,
moderately unstable sedfmentation zona less, productive collapse, lava
flow, stable transport: zone and. stable sediment. zone have azlessldamagé -
potential in the order. ,;Q=- R S - 4

N e B P S T L il

- P

FIG.~4,2.2 shows the debrls flow damage potential evaluvation map.
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The debtis Elew damage potential in the project area 13 sunmarized .

as folloﬁs:-'

LY

2)

3)

-The lowlandJin the western side of Mayon Volcano has little debris

flow damage potential.

Most of the torrents oraginating in Mayon Volcano have deb:is £low
damage potential. The damaged areas extend from 1,600 m down to

100 m in elevation.

The mountains othér;fhan:Maybn'Volcanﬁjhavg'a'Véty few debris flow

damage potential.

4.2.4 Flood Potential Evaluation

As environmental variables related to the flood potential, the

rivér:order, 1and cla531£1cation ‘and ‘slope are ‘donsidered,  Flood is
nore likely to occur in"the'ét:eamsfwith the sixth and fifth civer
order than the fourth and the third order. No flood occurs for the

second and first orders. In land bléséfficatibﬁ) 1éw Alluvial plain,

ola riQet'tfacé,'maréh;'existiﬁg rivet and lake are the most prone to
£loods, which ate Followed by volcanric fan Alluvial fan, Alluvial -
plain-high, fan-1lke lowland and fuithér by natural levee and bar in .

_prbveness, 'Hiéh‘terfécé pléih, lava flow and tertiary mountain have

almost no floods.  With regard to slopes, those of 0 - 2% are the most

susceptible to floods. Slopes of more than 6% are the least likely to
be affected by flood. | |

-

2y

3)

. PIG.-4.2.3 shows the Flood potential evaluation map..

Tﬁé’flboa'potéﬁtial”in‘thé'p:éject'area-is-summarized as followst

The aréa rbund Haybn Volcano has a low flood pctential.

- pha lowland along rivers tn' the west of: Mayon has a high flood

potential yolcano and alluvial plain is next.
1t is noticeable that Legazpi city, Camalig and Tabaco have areas

“with a high flood potentia1.=
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4,2.5. Sedlment Yield Bvaluation h»“- l:*if Side u;u%;;;g;f:'~g_ o
From devastation map, the sediment vield is calculated for: “gach ;
major drainage area, -The: Sediments yield is defined as the ‘amount of .

sediment expected to runoff £rom ¢ollapse plus the anount of unstable ‘ _
sediments in the stream, .. SR T R P b

“The depth ofrcdlidpse and SedimEnt aré estimatéd ftom‘the'fiéid“:

survey and aerial photo xnterptetation._ Sediment’ yield is est1mated in‘u

terms of the amounts to be produced dur1ng X per1od of 50 years.' The
result is listed in TABLE-4, 2,1, '

The sediment yield calculated above is a potentlal sediment:
discharge}'and thus it is not directly used for the Sabo plan., But it
is a good check on degree of devastation. ' :

The sediment yield evaluation in the projeéct area is summarized as .
followss . '

The. rivers with la:ge sedimeht yield are the Nasisl River, the.
Nabonton Creek,~the-Masarawag River, the Quirangay River, the Pawa-.
Burabod River, the Basud River and .the Bulawan River. . :

4.3 Master Plan for the : Quinali (A) River
4.3.,1 General | R S e
The flooded area in the Quinali (A) River basin is mainly utilized
as rice field at present and, out of 10,400 ha of -the whole,rice,field
in the basin, 8,580 ha'or.83%'éxtends oVer'thé'fIOOdéd area. The =
objective and baslc strategy of this master plan.are therefore ko
improve land productivity and land usé;intensification%aiming,atr
increase in farmer's income énd stabilizétion of ;eglqnal-econogy'~

through enforcement of flood control measures,
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Although climéte anﬁ=eoile in the Quineiif{A)fRiuer~baSin'dfe Wwell ®
© suitable for.ride cultlvation; large .investment. in equipment of -
irrigation’ factlities has, not been made,- resulting in that the
1rrigated oouble cropping area presentiy covers 43% of the whole rice
field and the palay yield is 4, 6 tons/ha a year.

With provision of the 1rrigation and drainage facllities prior to
the implementatiOn oE fiood control measures for the Quinali {RA) River,?
it is expected that the . whole rice field becomes the irrigated ‘double
crOpping area and the palay yield increases to 8,5 tons/ha a year. . In
this case. the increment of the palay yield is theoretically 3.9
“tons/ha a year. '

Under ‘the condition of without river improvement for ‘the: Quinali
{A) River, however, the irrigated rice field is aiways inundated by
'floodsng whenever Flood occurs. . In addition, ‘no 1mprovement of
fertilization beyond the present level is expected so that the increase
in the palay yield is only 2.7 tons/ha a year. The repairing cost of
irrigation facilities damaged by £160ding 18festimated at P 76/ha for
every f1ood besides P 250/ha for the annual operation and maintenance -
oosts of irrigation facilities. AS a result, less -benefit attributabler'
to the {rreigation development prior to the river'improvement can be
expected for the Quinali (A) River basin. Farmers are also considered
to be not so ‘much favourable to carcrying out of intensive agriculture

under such circumstances.

‘If the levees are constructed for protecting a Elood with a return
period of 10-year in combination with provision of the irrigation
facilities, the yield increaselis expected to be 4.9 tons/ha a year,
But it is pointed 6utefrom the;viewpoint“o£<river imbroVement

construction planning that alternative construction methods are limited -

by the toeographic condition ofethe_Qeihalif{g};ﬁivér.basinﬁand the
river improvement cost cannot be saved by the method to diminish the
levee scale.
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7%?: - As the loss of life and damages to house by £lood in the . Quinali
& {A) River hasin increase rapidly when the magnitude of flood exceeds
10—year probability, the flood control measures shouid have enohgh R
:capacity which can guarantee.locel_people.against:the said IOszand5<;”---
damages;wiAceerdingiyf-the‘master»plan.fpr the;imprefement-of-the'ﬁ
Quinali (Aj River is ﬁadeito prevent the flood with the return period
of 50-year in due consideration of the'discussiOns above-mentioned.
; IR U P 'r
ﬁo Measures fof'excesszsediments in the Qeihaiiltaj Riverlbesin_.
causes eoetinuous decline of “the capacity of irrigation water--intake -
Escilitiesrresultiﬁg in_the-ennﬁal cost]bf P:SOO.thousand.whichfisf
required for ‘dredging cost. To save sueh'additionai7dredging cost -and - .:
to maintain well function of intake facilities, Sabo plan is combined
with the river -improvement- plan. - !

4.3.2 Sabo:Plan i

4.3.2:1: Subject Rivers - , : ; . SR
%§; Among .the ‘tivers in the Quinali (A) ‘River basin, the Nasisi River

is the most important river for Sabo planning, and the Masarawag and

the Quirangay Rivers. are. next' in importance. :* v, = <00

The Nasisi River is along Ligao~Tabaco NatiOnal Highway in Ehe
middle reach and also two big municipalities of Liqao and Oas in the
downstream.. The Masarawag. and the Quirangay Rlvers are closed to

Tl

municipakities of Guinobatan, and Camalig having a menace of debris and

sediment damages in the lower reaches.

Lt
[ERE AT e

The Nabonton Creek in the upstream of the Ogsong Rlver, the o
Maninlla River and the Tumpa R1ver also need some proper
countermeasures for Sabo.

The Nabonton Creek has destroyed the provincial road between
Nasisi and Masarawag and is threatening the irrigation facilities of
NIA in the dOWnstrean. The Maninila and the Tumpa Rivers have a source ;_

P2

of secondary debris production.,_ o

3 iﬁl
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4, 3,2.2 Base point’ _ . : oo .

For the above six- rivers. the base points for gabo planning are i
set at the locations as shown in FIG.—4 3.1 and FIG,~4.3.2. " The
sediment oontrol plan and the Sabo facility arrangement plan ace’
established estimating the quantity of sediment passing through those
hase points.-‘~ ' o

4.3.2.3 Sediment Run-of f Volume

- In Sabo plannlng, it is 1mportant to gfasp the sediment amount
'transported as debris flow or dense sediment £low caused by a major
flood. Whereas no sed1ment observation and survey record usuful for -
Sabo'planning is available within the area and even in the PhilippineSa

Therefore, the empirical formula proposed by br.-hshida.and Dr.
Okumura is employed in order to estimate ehe sediment amount said
above, nanely, the sediment run-off volume. The sediment run-off .
voline at base points shown in FIG.-4.3.1 and FIG,-4,3.2 are estimated
for the design flood withfa return periOdnof Sﬁeyeaf as follows.

SEDIMENT RUN-OFF VOLUME (S0-yr Probable Plodd) © -

Name. . . . Drainage -  Sediment Run—off Specific Sediment
of Area volume Run-off’
CRiver . i (km2) - - o (m3) o  (m3/km2)

‘Quirangay - 0.0 260,100 26,000
Tumpa 5.7 ' o a3,7000 ”7;706"
Maninila 4.9 94,000 16,200
Masarawag 9.7 276,800 28,500
ogson 8.3 © 140,50 16,900
MNasisi 35,7 1,128,700 ” 'h"jl;éﬁof

4.3.2.4 Fxcess Sediment Volune

Excess sediment volume 18 defined as the sediment amount qiven by
' subtraeting allowable Sediment ‘vélume ftom sediment ruh-6£F volume. o
'The éxcess sediment volume is just the objective_sediment volume for
Sabe ptanning. '
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The allowable sediment volume is very closely cdncerned'to civer,
plannihgnand conditions:in- the.lower reaches -and controlled by .. the
complicated. factors,. «:In thls study, the bed load under the present

river -conditions: for the design flood,thh @ return petiOd of 50~yr»13 Lttt

taken as the allowable;sedxment vo1u@Q_supposing.that the said bed load . .

is neatly_equal'tb.the éllowable-sediment:vOIUme for-the_downstream i
tiver, This means that the sand,&eposiilon‘ih.the~16wer-reaches is not
s6 serious and also the natural regulation in the river channel can be
expeoted. - The bed load -is calculated by enploying Oc. Ashida, .. '
Takahashi.and Mizuyama®s. formula. : . . . & .o Lo o i

Finally, the excess and allowable sediment volume_eétimated area
listed as follows.

L LI S A SRR S R VS S LTI S

Sediment Allowable R Excess

Name &f River ¢ Ran~off ~  Sediment - Sediment - S
Sl e s es c-Volume . .-, - cVOlume- .. . Volume :
(m3) Era (m3) - IR (m3} 0
Quirangay 260,100 82,600 177,500
Tunpa 43,700 35,200 C 8,500
CManinlla oo oo 94,000 . . 36,700 . 57,300
Masarawag =~ . - . 276,800 . . 77,600 .- 199,200 ..
Ogson w0 .+ ..o 140,500 . - 32,700 . . - 107,800
Nasisi .. . - . 1,128,700 - . 85,900 . - 1,042,800 .

4.3.2.5 Sedzment Conteol Plan _ : ' SR S

The type and: location of sabo facilities should: be - determined S0
that the: excess gediment volume:-may be nearly equal to zero by,:
reducting the;sedimentlyieid and run-off:by. tha: various Sab9;,ﬁ;.
facilities, 'The Sabo. facilities planned for the respective_:{ve?s are .
as follows: . ST '

FER A
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1) QuiranQay Ri\fef o S S i I RO
The capacity of patural sand retarding basin is’ increased with the

construction of six {6} spur-dikes and three. (3) jetties as shown 1n o

FIG.-4.3.1 and the sediiment run-off volume at:basé point is planned so

as to be reduced from 260‘100'n3 to 78, 200‘m o The sediment -
run-off volumie at base point after construction will become less than
the allowable sediment volume of 82, 600 m3,

In additién; the spur dikes ioéated at the left bank side not only
form the sand retucding basin, but also function éfféctively té protect .-
Camalig from debris flow and sediment flow,

2) Tumga River
The oonsolidation works with coconut trunks are planned at fifteen

{1s) sites_shown in PIG.-4,3.1 in orde: to mitigate ‘the river bed and_
side ereéiéﬁ, The sediﬁeht dischargefet béée poiﬁt will be:reduped
from 43,700'm3 to 26,900'm3 with the works and lower than the. 7
allowable sediment volume of 35,200 m3,

3) Manlnila River
AS shown in PIG-4.3; 1, the consolidatlon works with cribs are

planned’ ‘at ‘nine (9} sites to mltlgate the river bed and gide erosion,
The sédiment discharge at base point will be reduced from 94,000 n3
to 36,700 @3 4ith the works and become equal to the allowable
sediment volune of 36,700 m3,

4) Masatawag River
In the: upper reach, the twelve (12) spur ‘dikes and three -(3)

jetties are arranged s6 as to enlarge the functhn of existing natural -

sand retarding basin. - In the' lower reach; the consolidation works with i

' eribs dre -planned at nine (9)4sites to stabilize"the‘river bed.. In
additioa, the spur dikes in the'upstream ﬁill effectively function to
defend two barangays of Masarawag and Maninila agalnst the attack of
debris flow and sediment flow. "The sediment discharge at base point
will be reduced from 276,300 m3 to 65,300 m3 which is less than the
allowable éediment volune oE_??,GOO m3.
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5} Ogsong River (Nabonton creek)
As shOWn in FIQ.-& 3’2, the six (6) spur dikes and nine (9)

f,“:

'jetties ere :
existin& n;Euralksand retarding basin.'KThe coﬁs&lidation works with f”
cribs are planned at two (2) sites and the ground-sills at three (3)
'siteslin‘the 1ower reach to stabilize the river bed. '
A SRS KR EIT ET I S et

" Baside, the spur dikes and jéttieé wili protééfliﬁé“éaféczﬁtzf
=barrangays from debris flow and also the consolidation works make
pOSSible the restoratxon of destroyed provincial road bridge with the

partial revetment.

The sedimént run-off volume at base point will be reduced from
140,500 n® to 28,500 m> which is allowable.

6) N35131 River

In order to check the debris fiow at the uppermost reach, two (2)
combined ¢onsolidation works of consolidation dam and spur dikes are
planned on rhe Baligang River. Also, the thiee {3) spur dikes and ten
{10) groins are arranged in the river channel between alimbubyog Bridge
and Nasisi Balley Bridge and the levee of 2,350 m long is constrﬁctéd
at the right bank side, making a big artificial sand retardinq basin

with an area of more than 400,000 m2

. The overflow type culvert of Ligao—Tabaco National Highway across
the Nasisi River is recOnstructed into the consolidation dam. The
sediment volume at base point may be sharply reduced from 1 128 700
w3 to 107, 400 m . Th0ugh the sediment run-off of 107, 400 m is a
little over the allowable limit of 85,900 n3 However, the excess
can bé checked by the consolidation works with crib as a body and groxn o
as a wing locatea just downstream from base point. ]

In this plan, the construction of groins and 1evee at the right
bank side oE the Nasisi River :esults in raising the elevation of
existing road and the traffic will be Secured more easily for
flooding.: Aleo, tha Nasisi Balley Bridge at which the traffic has beeniL
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suspended at present can be reconsttucted and that malntained easily. '
in addition, the irtigation intake weir oE NIA, which is 1ocated about _
“500 m downstream fr0m the Na51si Balley Bridge, may be protected from

sediment damage. '

_ Thé'p:iﬂCipai.featﬁfés of'propdsed'Sébd'faciiitiéé afe'sumhérized‘”
as show in the next table,
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'PRINCIPAL FEATURES OF PROPOSED SABO FACILITIES

. Nane. =

of

River =~

‘depoéed‘Wbrks.

Sca1§ of Wdrks

 Remarks .

Quirangay .-

Tumpa™’ -

Maninila *-

Masarawag

Spur dike
{masonry)

Jetty
{masonty)

* consolidation
“{fence works)

Consolidation
{crib works})

Spur dike
(masonry)

‘Jetty

{masonry)

Spur dike
(masonry}

Jetty
(masonry)

Spur dike

"’{masoncyY

ansolidation

| “(efib Works)

. ‘congolidation

Ogsong

(crib works)

L

- Jetty

{masonry)

Spur dike
(masoncy)

Consolidation
dam (masoncy)

‘Revétment works

- Lengthi

At six (6) sxtes
Total’ 1ength 300m

"At:thfée_l3)‘éités

fotal length: 450m

| at fiftesn (15) sites
* Hotal lengths 350 m

At ning (9} sftes

Potal length: 450 m

i

At szx (6} sites

_Total 1ength~ 330 m

-G

At two (2) sites
Total lengthi 300 m

At three (3) sites

. Tdtal length- 150 m

At one (1) site
Total 1engtht 250 m

At four (4) sites

.Total 1ength= 600 m

At five (5} sites

: fTétal“léhgth 300 n

At four (4) Sites

Total length: 400 m

v !

N

At nine’ (9) ‘sltes
“Pétal ‘leagthi 900 m

At .six (6} sites

Potal length: 360 m

Height: 3 m
160 m

- 75‘

“Drops: -

_ Drop:”

'_Drop;

Oh;the.left bank

On' the right bank

1.0-1.5m -
1.0"2.0 m

on fhe 1e£t bank

In the river dourse

L

On the_left bank

In the river course

-On'the right bank

1.0-2.0m
Drop: 1.0-1.5 m

it

‘In the uppernmost
“reach of the stream

In the previocus main

course of the stream



Name
_. River

Proposed $brks'

- Scale of Works

Remarks

- Ogsong

Nasisi.

Consolidation

_Ground-sill

dam'(masdnfy)

" Revetment works

{crib wofks)

'Cpnséliﬁatibn~dam

{masonry)

consolidation dam

~. {(masonry)-

Spur dike
{masonry)
Groin
{masonry)
Levee |
{dry masonry)
Gioin'
{masonry)

‘Levee
{dry masoncy}

"Excavation

CQhSOIidation
{masonry)

Groin
{masonry})
&

- Ground-sill

{crib works)

‘ground-silly

Height: 2 m

Length: 100 m

" At three (3) sites
Total length: 220 m

Effective helght:

Crest length: 240 m

Effective height:

Crest length: 300 m

At three (3) sites
Total length: 420 m

At ‘ten (10) sites

Total length: 180 m

1ehdth= 1,650 m

At thirteen (13) sites
Total length: 310 m

.Léngthz. 700m

Length; 800 m

:Effective”héighﬁz_s m
Crest length: 75 m

At fbur:(d)'sites

Total length of
groin: 220 m
Total length of -

400 m

In the itibutarg |

On the right bank

. Spur dikeé attached

On the left bank

Spur dike attached .-

A-type

A-type

50-100 m in width
1-3  m in depth
At the site of
existing overflow .
culverk bridge

. B-type
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= .33 Rlvéf Imprbvement Plan 7:-'-w“,a:x. et i :--; T
4.3.3.1 General RIS -‘='.if”._ .:'t':::a¢@#”=f; LT

As stated 1n Subsectien 3.4.1, divides of Sabo work section ands_$;ﬁ :
flood control work section are plotted off as follows.

For the Nasisi River
{a) ' The over flom "culvert type bridge of Ligac—Tabaco National e
nghway ' ‘ T

Por the eastern” ‘teibutariés uptd the Ggsong Rivér
- {b} Bridges Sf National: quhway : :

4.3.3, 2: RiVér Wwidth and Discha:ge Cépacity of The Present River Channel
Using the préfiles and Cross sections of the present river

channel; river width- and: dischatge Gapacity is computed as shown in ¢

PIG.-4.3.11 to FIG.-=4,3,13, - For. the calculation of discharge‘qapacity;

Manning's. Formula 18 used assuming uniform Flow, The‘IOughﬁess-

coefficient is selected to be 0.035. : '

4.3,3.3 Des1gn Discharge =~ 0 o

The GESIQH discharge Is selected to be SD-year probable. flood,
considering importance of the region, design discharge of other rivers
in the thlipp;nes and the Japanese Standard of river plannlng
(hereinafter called the Standard). “From ‘the results of hydrological :
analyses; design discharge distribution 61agram is established as showm .
in FIG.=43. 14(' S

4.3 3 4 River Reaches for ImprOVement S
COmpating FIG.~4 3:11 “to: FIG. -4,3.,13 and F1G.4.3. 14, it can bhe
sald that ‘the present river course has not sufficient discharge.
capacity “ahd 1t tesults in: flOOd ihundation.: Thus, danage . ls caUsed to
'human lives, crops, houses, railways, highways, river: sttuotdtes and
irrigatioﬁ Eacilities, éspecially iR the affeoted area 1né1uding six RN
(6) important municipaiities ‘of Camalig, Guinobatan, Ligao, Oas, e
pPolaugui and’ L{bon.- Conséquéntly, fe is necaggary .to establish a’ flood
control plan to aveld this damage by:improving: thé river channel. - The
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river reaches for imprOVement aré selected as foilbws'cbnsldering'the o
discharge capaclty of the preSent river and importance of the affected;

area.
(a) Maln course - Lake Rato to Sta. 274500 (reach of 27.5 km)

(b) - Talisay River - Junction with the maln course to Sta. 13+700
(reach of 13.7 km)

(c) WNasisi River ~. Junction with the main course to the
' Ligao-Tabaco Naticnal Highway ﬁridge
(reach of 7.6 km) '

But, as the downstream aArea from junction of the main course and
the Talasay River has_ been aEfected by backwater from Lake Bato as far
as the lake functions as: a retarding basin, the most downstream reach
~of 2 km near the lake should be improved after completion of Lake Bato
regulation works such as Lake Bato -~ Pantao Bay Diversion, etc.

The said reach is shown by dotted line in the figure.

41.3.3.5 ‘River:Imprévemeht Plan
(1) Route Selection _

in. fact, along the main couvrse, there are densely populated
municipalities especially Oas and many other. . properties that can hardly
be removed due to necessary river imprqvement. Basically the route
should be selectéd along the pfesént river coutse, ¢onsidering
topography, land uge and difficultles of land acquisition, but for such
an important municipality of Oas,-a diVersion of Oas and 'a diversion to
the Talisay River (a £1ood way) are cOnsidered. Two (2) alternatives .
as shown: in ‘P1G.-4. 3 15 and a3 explalned below are established and
cOmpared. Alternative I is the Qas Diverslon Scheme, . the route of
which is: selected along the present river course except Oas, And
alternative 11 is the Bobonsuran Divetsion Scheme conatructing a naewly
‘excavated. flood way from, Bobonsuran to the .Talisay River,= And
alternative 1 is selected as a. recommendable. scheme, comparing the
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cOnstruction cost (Altetnative 11 is about 27% more costly than L
Alternative I), environmental problems and maintenance after eyt el
imorovement.,

(i) - Alternative I (Oas vaersron Scheme, PropOsed Scheme)

As shown in FIG. =4, 3 15, it 1s basically a plan to improvej
the main course a10ng the present river course except the river
course near the olty of Oas. Exlsting levees are entlrely L
replaced by newly. constzuoted ones. The Oas diversion scheme is
con51dered due to difficulties of land acqureition. The three (3)
present f1xed welr type dams (South Quinali, San Agusth and 'K‘
Aguz-Sta. Cruz) for irrigation are integrated to proposed Agus Sta
Cruz-South Quinali Dam, which is of a mOvable werr type.‘ L
Generally speaking, any wexr type structures across the ﬁain _pi?
course of rzvers shall be of a movable type. And Cabllogan Dam is
also a movable weir type and proposed for integration of . |
irrlgation systens together wlth proposed Agus Sta Cruz-South .
Quina11 Dam. The cross section is designed as a compound section
except the Nasisi River, whlch is designed as a simple trapezoidal
section. Total construction cost for Alternative I Scheme is .
estimated at about P 656 million

(ii) Alternatxve I (Bobonsuran Diver31on Scheme)
-: Ag shown 1n FIG.~ -4, 3 15, lt is a plan to divert all oE the
flood water from Bobonsuran airectly to the Talleay River with a

concrete made fixed weir oE 220 m ‘in length 2, 5 m in height and 3 _'
n in top width w1th horizontal apron type stxlling basin of 20 m

. in length and 220 m in width and a diversion channel newly ,
excavated of 170 m in width and 4.4 kn in length The bed slope
is selected to be 1/800 in oonformity with the Talisay River. p(lt 5
is about 1/320 accOrding to the height difference between the main

courge and the Talisay River.) it e

Syl The river channel of 10 5 km reach between Bobonsuran to the oL
junction with the Polangui River through Oas leaves as it is

: ',*‘_,

including existing levees,. SOuth Quinali Dam and. the Spillway just
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upsteam, And it functions as a 1ow water channel :To'avoid'flood
'inundation from the existing channel during flood, a gate at the
uwpstream end of ‘the existing channel is installed. {Hightening of i
the levees of lO 5 km reach without a gate to avoid inundation
results in being more costly than ‘the installation of a gate.)ilz
_ The cross section is designed as a compound section eRCept the
_ Nasisi River, which is designed as a simple trape201dal séction.
7o obtain design discharge, specific dischafge of the Quinali (A)
River basin is used And the design discharge distribution
diagram is shown in F!G.-4 3 16 Total construction cost for
'Alternative iI Scheme is estimnted at about P 832 million.

{2) Allgnment of River Channel
The alignment of river channel is designed with the following

consideration:

(1) The alignment will follow the course of the present river
_ - :channel to the extent possible.
: iii)ﬁ The radius of curve of river channel should be as large as
'possible.
{iil) Existing levees are entirely replaced by ‘the newly
.'constructed ones.
{iv} The alignment should not be selected to involve such existing
'important infrastructures as raxlways, highways etc. in the
_ river ohannel. '
-tv}j_The alignment should not be selected to involve the land
- Snoccupied by houses, etc. ‘as much as possible.

Final alignment oE levees of proposed scheme is shown in
FIG-"4 3 17 and FIGQ 4 3 180

{3) River profile

River profile should principally be . designed to meet the present
river bed lepe as much as p03sib1e to keep the eguilibrium river bed
' sloPe and minimize the construction cost for the present. Thus, the
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river bed slope 1is designed ranging Erom 1/1,550 t0,1/559,f9§.the;§§§§
course as:shown in-PIG.~4.3,19 to FIG.-4.3,2] and from 1/1,000 to.1/800
for the Talisay River -and from_l/#OO_to 1/;30”£of}the_Nas}si Riverq?w

o
el J

{4) River Cross Section P e il

_ As the design dlSCharge is over 300 m: /sec. the: r1Ver CIOSS Pl
section is designed as a compound section. éxcépt the Nasisi. River, fryo
which Is quite limited by the formation height of the Philippine ﬁ
National Railway (For a. deslqn criteridn, 1.6 m of clearance is taken
in accordance with the. plan underway of a permanent bridqe by “the ;
Philippine National Rallway Y. and which is also a transition to Sabo
work section., Considering the river bed depth measured From the ground
level of inland, formation height of side sections are designed to be.
2.5 m higher- than the main section except the Talisay'River;ups;faam-
Sta. 84000, . The width of the main sectiop.ié s0 designed that the side
sections are used Edr bassage of flood water l.to_3utimes a'yegr, As
there is not much densely populated area éXCept'Oas, Yand aquisipionfﬁs

%%3 not vety'difficult,.therefore,'riyex width is selected as wide as |
possible within the range specified in the Standard.

The dimension of cross section is determined by Mqhn}ng{legrmﬁla
assuning uniform flow. The levees are basically designeﬁ'in conformity
with thé;Standard; The freeboard is set atrl-z m to 1.0 m:anGKthe top
width is 5m to 4 m depending on the design discharge, . The slope of
levee is. selected to be 1:2. The berm of inland side of 3 m in width
is constructed at every 3 m height in case total height of the levee is

over 4 m., And the one of r1versxde of -the same width.is constructed at. .

every 4 m height in case total height of the levee is over 6 m.  The
maximum height of levee will be about 6.5 m near Lake Bato and about
5.3 m at the Junctlon with the - Ta11say River., The river width will be
about.450 m at Lake,Batq,ﬂqnd:360im.a@hthe_jgng;iqn;yi;hﬁghe‘ga%gsay
River.. The fgxmétion_heightuof\;gvee,at_Lake Bato is ElL, 12 mxlqhiph-. :
leaves 1.2 m of freeboard on the highest recorded ﬂdterjleveiloﬁfthqf;:_,u
lake, It is necessary to take some measures for drainaﬁe, Tbe typical ..
cross sections are shown in FIG.-4.3.22, '

Ty il T S R
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{5) Major Rivet Structures _ _ : .
Relating to the above-mentioned river improvemént, the necessary
river structures are summarily 1tsted as follows: '

(i) LeVees with sod facxng
{if)  Poot’ protestion and wet masonry for levees
{iii) Sldiceways for river drainage

Onlﬁ‘grévity-dtéiﬁagé is COnsidéted.- And box culvert type
sluiceways will bé constructed as follows, calculated by an empirical
formula depending on tépographic conditions and drainage areas.’

The main cOurse T
Junction with the Sugtad Creek =~ 2mx2mx4nos.

: Junction to_Oas “diversion . : :'; MK 2mx 5 nok.
Jﬁﬁéticﬁ'ﬁith Oas diversion S 2m®2m ¥ 5 nos.

The Talisay vaer - :
Junction with the right tributary_- 2mx 20 x 3 nos.
from ‘the spiliway ' '
Junctlon with the Libon Rivef 2mx 2mx 2 nos.
Junction with the right creek
© just upstream the junction
with the main course S 2mx2mx 2 ros.
Thé OQSOng River = | .
' Junctién with thé Nasisi River o  2mx2mx 5 nos,

4.3.4 -Ag‘:i’auitutai Devéldpment Scheime

4,3.4.1° Agricultutal Develdpment Plan =

1) Basie stratégy '

_ “In connéction with the Sabod’ and river improvement works, the
.proposed agricultural dévelopment sahémes weré contemplated in view of
the land use’ intensification of the flooded agricultural land in the -
' Quinali (A) River basin.

In the present situation, the flood: not only sauses much cidp
damage but also hinders the development of the ntensive agticultu:e,

D - 82:~



although - climatic and soil conditions ace . well suitable fqr rice e
cultivation. Investment by farmers themselves in the oropping such as, .
fertilization is discourged by . the Elood, because once the heavy flood_;_,e
ocourcs the investment so far-made. is in vain.. The irrigation water_. |
nanagement for the rice cultivation in the pro;ect area . is also..
hampered by the flood. :The intake weifs for the exxsting irrigation
systems are in most cases made of brushes and earth bags which are
easily destroyed by the flood - When such temporary’ facilities L
destroyed; the irrigation water shortage is observed in. the benef1cial
rice fields in the next dry season, . NG invesbment in. construction of
permanent intake structures however “has been made, because the. risk by
the flood is considerably serious under the present . river. L
circumstances,  In addition, poor drainage system makes inundation 1n
lower parE of rice field after heavy ralnfall, resulting in crop

production losses,

In the .above context, the following basic agficultural_develoment_,
strategles are formulatéd in accordance with the national policy of
equitabie distribution of farm income and social welfare, natiopal

stability and economic growth:

- expansion of irrigated cropping area,
- Integration of the existing irrigation systems, and .

- increase of agricultural inputs such as fertilizer

(2) Delineation of Development Area - Do
In the Quinall {A) River basin, 10, 500 ha is cultlvated with rice,
at present, but the lower part of rice field near the Lake Bato suffers'
fron inundation annually for more than one week and its watet level -
rises up to more than EL. 8.3 m in the. rainy season. This hydrological
condition will not be much improved under. this project befOre the

conpletion of river imp:ovement works which is. being carried out alonq :7j
the Qu1nali () River _downstream from the Lake Bato. ;. Considerlng that ..

the helght of rice in the ripening stage is 0. 8 m on an average, 1, 000 ﬂiﬁ
ha with an elevation belcst EL, 7.5 m.is. excluded from the development '
area under the project.
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Among the exxsting irrigation systems, ‘the Nasiei—ﬂibiga scheme

has already béen” taken ‘up under theé NISIP Program of NIA with financial -

assistance ftOm the World Bank. Thus, the irriqatioa dev&lopnent acea
vnder this project: totals 6;350 ha in net, comprising Aqos Sta.
Cruz-South Quinali scheme {4,350 ha)y, Cabilogan ‘schefe (1,400 ha) and ‘
Quinali scheme (600 ha), as portrayed ‘in PIG.-4.3, 23.

(3} Future Land Use ‘and - Pcoposed CroPping Pattetn

The gross develcpﬁent area covers 6,900 ha consisting of 6, 720 ha
of flooded afea and 180 ha of £lSod-free area. The flooded ‘atéa g-":
1nc1udes 3;640 ha of irrigated rice field and 3, 080 ‘ha of rainfea one.
while the whole Elood—free ‘area is coconut field Thtough the
'implementatxén of -the proposed river improvement’ waks; 526 ha of
irrigated rice field and 30 ha of rainfed Oﬁefﬁhiéh are distributed in
thé flooded area at present will be converted to the new river bed., On
the other hand, 180 ha of coconut field will be reclaimed as irrigated
rice Eield. Accordingly; the irrigated rice field wiil_bé expandeéd
from 3,640 ha to 6,350 ha under the'prOPGSed agricultural development
plan. o

The proposed cropping pattern is the irrigated double cropping of
rice as illustrated in FIG.-~4,3.24, which is established by modifying
of the present crbpping”battérn predominant in the*Project»area."The
proposed cropplng pattern is technically sound from the view point of
_the farm labour requirement., Also, it has no problem in farm
operations in.due consideration of the availability of workable carabao
per hectare and its wofk-cépability;

{4} Farm Input ang Farming Praétxces

' The farm input and farming practxces of rice cult1vation in the
present condition have’' no weak points except for the amount of the
niteogen applied. " The present applxcation of ‘about 70 kg N/ha is not’
sufficient considering the yield obtained through the fertilizer field
trlais which ‘ate conducted by ?AO/UNDP. 1t can be increased to 100 kg
N/ha EOr the ey season and 80 kg N/ha for the wet season under i
£lood-free condition, R
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4.3.4.2 1rrigation Development Plan-. . | Ll
The Cabllogan Stheme’ atéa‘ extends ovet' the both sides of the -
uppet. Quinali {A)ﬂRiVét;r=ThéreVis:nO‘ndtable-irrigétion system dn .-/

the area at present except for some small areas which are irrigated

'with'watefulea'froh the temporary brush dams. Fot the future

ircigation dsvelopmeht in this area; a new headworks will be
consttudtgﬁ.bﬁ'the:CéBildgén'Rivéfé'atbuﬁd'I:S km Upstream Sta,
Cruz, Ligao. " In addition;'é'main canals with a total length of 12 -
km and 6 secondary canals with a total length of 19 km“are'réqdited

for the developrent. For the surface drainage in the area, around -

10 km of main drains and 40 kn of secondary drains are excavated ~. . .

along the depressed lands 80 as to finally flow into the Quinali (A)

River.

The Quinali Scheme area is located along the right bank of the -
upper Quinali (A) River and its north end is bounded by the national
railway. The irrigation watér requiréd in this area is taken from
the existiﬁq:Quinali‘headﬁérks and savéral brush dams and _
distributed to thé*area'tﬁrough earth Canéls.-;Tﬂg ééid Quinali
headworks are still functioning well and @111 not hamper-the :
proposed river improvement plan. The héadworks are:therefore be

incorporated in-thé~pfop05éd'irkigation system.  All the temporaty - - :

brush dams will be removed and their existing canal systems will be
integrated into the new Quinali systéh. The new canal s?stem'will S
require 2 néw main canals with a total length of around 6 km and 3
secondary canals with a totai Length of 7 km. Around 12 km of main
and secondary drains will also be required for the surféce drcainage
in the area.

The Agos Sta. Cruz - South Quinali Scheme area extends over the
left bank of the most downstream reach of the Quinali (A) River.
This avea is largely bisected by the Talisay River which runs
north-westwards through the scheme area. At present, this area is
served by 5 headworks for irrigation, i.e. South Quinali, Quinali,
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~8an AgUStin, Agos Sta. C:uz and Del Roeario headworks.; All ‘
headworks are well Eunctioning but will be femoved because their

welr lengths are ot enough for the proposed flood control plan.ie‘;;-ﬂ_

Instead, the new headwotk, which will integ:ate the existing 4
xrrigation systems into one, will be constructed 50 m upstfeam the .
existing South Quinali headworks.x in addition to the existing canal
'system, 2 main canals with a total length of- 2? km aﬂd 26 secondary
canals will be required for the irrigahiﬁn development in this :_ "
atea. Around 49 km. of. main and secOndary draing will newly be S
excavated.and_drein_the_excess rain water to the Talisay River or .
directly to Lake Batoi . ' .

The design dlscharge is 2 34 m3/sec for the Cabilogan scheme,
1.00 m3/sec for the Quinali scheme and 5,57 ma/sec for the Agos
Sta.-Cruz—South Qu1nali seheme,,_

4 3. 4 3 Anticipated YLeld ‘and Productlon Increase o .

ﬁith the increase of the nitrogen fertilizer amount applied and
the 1mprovement‘of 1rr19at;on‘faeillties,'the palay_yield is
expected to increase to 5.0 tons/ha for ‘the dry. season rice
cultlvatnon end 4.5 tons/ha for ‘the. wet geason. The palay
production will increase by .23, 700 tons from the present p:oduction
level of 34,300 tong.. This increment is attributable to the -
proposed irrigation developnent scheme when commenced after.
implementation of - the proposed flcod control plan.
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4.3.5 Flood Damage Analys1s | R
4.3.5. 1 General _ : IR L ;__;{;;:; f_.q;;fja_,_g,,
Iﬁ ordet to" ]ustify “the effect of ‘the" propdsed ‘river 1mprovement
and sabd plans, ‘the flood* damage reduétiOn ambunt’ is" estimated Eor the
Quinali® (A) River basin.’ The ptoposed improvement plan of the Quinali -
{A) Rive¥" can “also teduce the' flodd damage 00curing in the World Bank’
pro;ect-area (Nasisz—ﬂ1baga Nat1ona1 Ir:igatxon Systen Scheme). e o
Therefore, the flood damage reduction amount ekpected in- the world
Bank project area is combined into that expected through this pfdject.

‘The flodd damagés are estimated for the inft'a'si:t'uctuté}. housas,
crops and 1rrigati0n facilities under different flood magnitude with a
return perlod of 2—, 10—, 20—, 50- and 100- yeat.’ ' ‘ ' -

4.3.5.2 Damage to Infrastructure.
(1} Damage to Houses '

In estlmatlng the flood damages caused by typhdon and heavy rain,

- only the' damage to private houses is taken into considefation, since

the damage ‘data ‘for thé public bu1ldlngs such as schools; chufches, 3
government bu1ldlng and ‘Factdries Wwere not obtained ‘Por - the
estlmation of the flood damages, effect of the wind and rainfall is fot
included and the - damages to household effects are not taken into . _
account., Inundation area and inundation depth caused by Typhoon Pepang
in 1979 were obtained from the field survey in 1980 and ‘those 'of  the
other maghitéde’aflficéd-are'basedjoﬁ the fiood:analysié;“ A

The damage ‘to houses 1s estimated by multiplylng thé .number Of -
houses by the value of house and flood damage rate based on ‘inundation
depth, Thé damage tb éommerclal establishments is estlméted at about
10 peréent of the damaQe ‘ot hotges. P SR :

] :
D

The damaéé is estimated at P 10.93 million, P 187584ﬁi1110n,
P 22,30 million and P 27, 36 million and P32, 49 million for the flood

: magnitude ‘of 2-year, 10-year, 20-year, 50 -year and 100-year probable

flood respectively as shown in TABLE-4.3.3.
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(2)

Parage to Govetnmeﬁi fhfrééttb&ture

(a) Damage to Road Structute R _
Damage to road structure: can be approximately measured by the

estimated damage cost - (calamity fund) of each typhoon between 19?5 _

and.1§i9 . :The damage revalued at 1979 price 1eve1 is estimated at .

_ P 2 06 milliOn, P 0,31 million, P 2.67 mllliOn, P 0.76 million and 5
P 0.33 million for ‘the flood of 1975, 1976, 1977, 1978 and. 1979

respectiVely as shown 1n TABLB-4 3.4,

{b) 'Daﬁage‘tp Raiiway Structure

- Damage to railway structure can be measured by the estimated
damage costs (calamity fund) - of 1975;and\1919uas shown in . .
TABLE~4.3.4. The damage vevalued at 1979 price lé§é1 is estimated
at P 0.89 million for the 1975 flood and P 0.32 million for the
1978 £lood. | S | |

{c). Damage to River Fa0111t1es _ _

Damage. to river fa0111t1es can be measured by the estlmated
damage cost_of each typhoon betwegn‘1975 and 1979. The damage _
revalued at 1979 price level is estimated at v 0.72 million,

P 0,15 miilidn; P 0,37 million and P.OsBQ millicn for the flood of
1975,‘19?7,;1979 and 1979 respectively as shown in TABLE-4.3.4.

(d) . Damage to Government Infrastructure ; o

Flood damage to government 1nfrastructure between 1975 and _
1979 is listed in TABLE-4,3.4, Indirect damage is estimated at 15
percent of total direct damage. ' '

. Q?hé damage xevalued_ét 1979 price levé1 1s ¢sti@éte§ at. K
P 4.16 million, P 0,36 million, P 0,32 millfon, P-1.30 millfon
and P 2,25 million for the flood of 1975, 1976, 1977, 1978 and
1979 respectively as shown in TABLE-4,3.4.
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J§ﬁ {3) Total Damage to Infrastructure R A IR O E R

a4 The - total -damage to infrastructure are calculated for the: five
flocod caees of 2:year;” lo—year, 20-year i So-year and loo-year probabl.e:;
flood tespeotively by aggregating ‘the damages 1n the preceed1ng
clauees.; ‘These- damages are estimated on’ the Eellowing assumptlon:

i)y namage'EO inErestructere is. the'acteai estimeted-&amageifer.

2-year and 20-year probeble flood - The damage £or . 2~yeat probable
flood is taken as the greatest damage cost between 1976 and 1979, slnce
the damage ‘of ‘the . petiod between 1976 and 1979 is assumed to be 2-year -
probable’ £lood : £ rom the.flood analysxs. 20-yeat ‘damagé is uséd the
damage due:tdﬁtyphoonfSisang in 1975, : P :

_ i1y The: damage to infrastructure for lo-year. 20-years, Sﬂ—year
and 100—year probable flood is. est1mated on the assumption that the
damages-willube-affected mainly by the inundation depth obtained’ frqm L
the flood analysis. Therefore, these damages are estimated by
multiplying the actual flood damage of 2-year by the flood damage rate

%g% of 1,2 for. l0-yéar; 1.28 for 20-yéar, 1.3 for 50-year and- 1.4 Eor-
100-year : réspectively. - P '

_ They:;"are-"p;u-.u million, P 22.47 million, P 26,45 million, ’

P 31.58 million and P 37,03 million at 1979 price lével for 2-year,
10—year, 20~year, 50-year and 100-year probable flood reepectlvely;as
shown in TABLE—d 3.5, . ' -
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A, 3 5 3 Damage to Crops :

The: -annual tecord of fléod damage to crops in the project atea is
not kept systematically in the relevant offices.  The flood’ damage to
cice is- theréforé’ estimated by applylng the standa:d £6r the estimation
of inundation damages prepared by the Ministty of Ag:iculture, Foregtry -
and Fisheries in Japan. The obtained amount of flood dairages to rice
is regarded a& the crop damiges taking into account the present land
use condition in the. flooded area.

The rice fleld in-the. pro;eét area . is classified based on: the
inundation area . by Elood of Typhéon “Pepang as illustrated in
FIG.-3.8.1 and the inundation depth and period for different return
periocd aé_shown in TABLE—4'3'6 .The result of classification is
SUmmariaed in TABLE<4,3. 7. " Out of 9,400 ha of ths- exlsting rice field
in the Quinali {A) River basin, 1,500 ha is Elooded. The £looded xice
"field consists of 6,320 ha of irrigated area and 3,080 ha of rainfed -

area.

“The £lo6d damage to crdps varies with the time of flood Oécur:ence
even the.magnitude of flood is quite the same. From this'viewpoiﬁf,
the ratio of planted area during the growing period, the distribution -
of Typhoon and the damage rate of cice are monthly established. The

-monthly flood damage is calculated by multiplyxng these factors hy

. monthly production cost already spent and net fncome of etach crop
_season respectlvely. The sum of the monthly flood dama@e obtained is
conSLdered as the annuval flood damage to crop. As given in
TABLE-4.3. 8, the annual flood damage is estimated at P 3.32 ‘miliiion
and P 5,03 million for the flood of 2-year and 10-year to 100-year
respéctively.

: 4.3. 5 4 Damage to Irrigation Pacilities

The estﬁnatiOn method of flood damage to irrigatién facilities is

 considéred to be the same as that to infrastructure. Therefore, the

big@éat amount ‘among the damages by Typoon between 1975 and 1979 is

"picked up and is regarded as the flood damage caused by the probable

) flood with a return peciod of 2—year. By applying the same flood
damage rate as the inEraatructure, tha damage for 2—year, 10-year,
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20-ydar, 50-year ‘and 100-year probable flood is estimated at: P 0,43 .-
miliion, P 0~52 million, P 0.55 million, B 0.56 ‘million and P 0.6l -
million respeétiVely as shown in TABLE-4,3.9, |

4.3.6 Cost Estlmate Sotraaal ih

4.3.6.1: Estimated Construction COSt

‘ Construction ‘costs for the Sabo works xnoluding six tr1butar1es,
tha river inptoVement works ‘of the Quina11 (A) River: ‘frnecluding the ol
Nasisi River -and the Tallsay River, ‘and” the irrigation works are
estimated in conSLdering local conditions of the Philxppines, avallable
equipments and materials, SUItablllty of construction method; working
rules, etc.' These costs are estimated on the folloﬂxng cond1tions and
on the Hasis of the Government estimate procedure, - '

(1) “Construstion ¢ost’ comprises contract cost and indirect cost.
Contract cost includes direct cost of matetiaI;_labor; PD$390 ‘and :
equipnent, general, Contractor's prbfit, Contractor's tax and
surcharges. Indirect cost includes land acquisition and
fesettlement, Engineering cost, Administration cost and -

contingenoies,

{2} General cost for this estimate include94mobiiiéatiodfand
demobilizaticn, vehiecles, field offices and other temporacy
‘works. * Géneral cost is takén as 10 percént of direct cost. -

(3) Contraatoi'’s. profit'and'cbnttéctof's*téx are the cost ‘of 10
percent and 3 pezcent respeetively of the sum of direct cost plusg ‘-

general cost. Surcharges are the cost of 5 percent of the sum of

direct cost plus general cost.- S piuoeni

(4) Bngincering cost which 1s 10 perfcent ‘of 'thé contract cost-includes
ftopdgraphio=survéyé;:deslqn;'soilvtesting prior to and durfng. i« -
construction, construction.surveys and construction management, -

R B O T s e S S R R P TS RN X AP SRR

(5)- Adminlstration cost' 1s the cost of 5 percent of the contract costi: i
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{6} PhysléaircohtLBQéncy is included:in the. cost estimate whiéh is 20
percent of .the coﬁéraét“costai The rate of price escalation-
.confingency variés with inflatidh in the_Philibpinéé.' On the .
assumption that the annual'escalation rate is 7 perdent and the

cost of price escalation is basis of GiSersément schedule.

(7) Céﬁsﬁrhcfibn cosﬁ'is estimated-on'the‘baéis 6f_thé ptevioﬁslstUdy
.report:cf;the ﬁay6n Volcano Sabo and Flood Control Pioject in
February 1980. Al unit pr1ce and summary cost are in local

currency, peSOS and centavos.

- :The estimatéd construction cost_includiﬁq phyéidal‘édd price
escalation contingencies in the Quinali (A) River is P 1,087.5 million
which comprises P 81.7-mi11i0n for the Sabo works, P 923.2 miilion for
the rivéf_jmprovément works and'P 82.6 miiliOn for the irrigation works

as shown in TABLE-4.3.12,

4.3.6.2 Operationﬂéhd,Main;énance:Cost,= _ R
Annual operatidn and_maingenance cost fot.ﬁhe S8abo works and the

river improvement ié taken as O.S percent of the construction cost

uniformly in this study. Annual O & M cost for the irrigation works is

estimated at P 250 per hectare.

The estimated annual O/M cost is P 292 thousand, P 3,278 thousand
“and P 1,588 thousand for the Sabo'wqus, the river improvement works
and the irtigation works respectively after'completion of all the

-project ﬁotks.

'4 4 Master Plan Eor The Qulnali (B) River.
4, 4 i General _

:There ‘are many upstream. tributaries originatinq on the western to |
northwestern lepe of Mayon Vblcano. They ‘are mostly devastated by
debris and sediment flow.: A basic qtrategy of Sabo plan is presented
to control debris and sedlment for the ptotection of the potential
irrigation development area extending over the middle and lower reaches
areas of the'Qulnali'(B} River basin., |
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T,

Along the middie 'r‘e'a’crié'r between Tuliﬁ*and?“t.abnikj,*' gevére erosion
is observed. Several large flood damages were tecored in Malinao city
and 6 villages. The sttategy oE flood control plan for the Qulnali (B}
River is to maintain public peace in the region through reducing r:ﬁ
damages to human lives, crops, housas, highways, river structures and
irrigatién facllities. ;‘

4.4.2  Sabo Plan
4;4;2.1 Subject'ﬁiﬁéfs : — . o

In the Quinali‘(B) River bésin, the Buang RiVerVis_EO"be treéted.

from thé view poirt of sabo planniig. - ‘ e

The main course bf'thé:thnhliﬁ(B) River in the vicinity.of .. .. ..

barangay Tabigyan has-beéh“affected'by the devastation of .the Buang .- ..

River, so that this reach is taken up for sabo planning.

The tivers othet than the above are not taken up because they have

no seriddS'sabb'problemg; e

4.4, 2 2 BaSe P01nt _ _
The base point Eor Sabo planning 13 set at the location shown in
FIG -4 4, 1.

4.4.2,3 Sediment Run-off Volume _ . & .
The sediment run-off volume at base point is, calculated by

employing . tbe game formula proposed by Dr, Ashida and Dr. Okumura as, .

Y . )

the Quinali (A) 3ive;fbasin,‘}
The éediment run-bff VOlume'aﬁ baSe\pqiﬁthigiestjm?ted for the. ‘."i
design flood with a return period of 50-year as follows.

[ I B
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SBDIMEﬁT:RUN-OF?:QOLUHE (50-ye Probablo Flood) -

Drainage 4 _ Sédiméht T Speclftc__

CWame of Acea Run-off = Sediment
River -~ .. - = o © . . Volume ' . : un-off
S _'(kmz) - {m3) - {m3/km2)

Quinali (B} : 19.2 © 319,700 . . 16,600

Buang S 4.7 211,800 - 45,100

4.4.2,4 Excess Sedlment . o
Based on the same princ1p1e as the Quinali (A) River basin, the;

excess sediment volume is defined as the sediment amount given by

. subtfacting the aiiouable.sediment amount from Sediment run-of f

volume, The allowable sediment volune is taken as the bed load amount

under the present river conditions for the 506-yr design flood.

“Sediment Allowable =~ Excess

Name of River . Run-off Sediment Sediment
Volune Volume Volume
(kn2) {m3) {m3)

ouinali (B} 319,700 143,700 176,000

4,4,2.5 Sediment Control Plan

‘The sediment control plan is established ﬁaiﬁly for the Buang
River, Four (4} consolldation works are planned on’ the Buang River
Just upstfeam from Ligao ~Tabaco National ‘Highway Bridge., The sediment
of 144,000 m3 will be controlled with these facilities and the
sediment run-off volume at highway bridge on the Buang River will be _

reduced . from 211 800 'm3 to 67 800 mg.

~ Then, the Sabo dam with a height of about 8 m is planned on the
Quinali (B} River main course in the vicinity of Tablgyan near base
point., The sediment of 56,000 m3 will be controlled with this dam,

Finaily,fthe sédiment run~off volume at base point will be reduced

Erom 319,700 m3 to 119,700 m3 which is lower than the allowable
sediment volume of 176, 000 m
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*f' PRINCIPAL FBATURES OF PROPOSED SABO FACILITIES

of - Proposed Horks Scale of Works ~ Remarks
River . . ooc -0 0 RPN . e

Buang  Consolidation ' = At four (4) ‘sites - Twd of ‘thems: 100m long’
.- .. {magsonfy). . . . Total,length: 300 m . Two of them:. 40m long
e o AR Os B
' spur dlke At two(2) sites’ ' - Attached to tho of'the
. (masonry) . .  Total length: 100 m . above congolidation
: works : .

Quinali Sabo dam Height of non- At the site.qf
(B) {masonry) overflow sectiont 10 m~ BL. 155 m in river bed
. . .7 .. . . Height of overflow S B
gectlon: 8 m
Crest length: 55 m
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4.4.% R*ver imprOVement plan _ o
404,301 Genetal SR RS L R e AR

 As statéa in subsectlon 3.4, 1, divide of Sabo work section and
flood control ‘work Sec tion is pletted off at’ cOntraction at Bantayan.k.

4 4.3, 2 vaer deth and stcharge Capacity of The Present vaer Chaﬁnel

Uslng the ptofiles and cross Sections of the present tiver e
"‘channel, rivet width and dxscharge éapacity is computed as’ shown in
;‘FIG.-4 4.3 For the calculation of discharge capacity, Mannlng's
Fotmula 18" use& assumlng uniform flow. The roughness coefficient is.
selected to be 0 035.

4,4, 3 3 De31gn Discharge . . . o

The des1gn dascharge is selected to be 50-year probable flood,
'c0nsidering importance of the region, design discharge ‘of other rivers
in the Philipplnes and the Standard From the results of hydrologlcal
'ianalyses, ‘dasign d1scharge distribution diagram is established as shown
in FIG. 4.4.4. . The design discharge for the San Vicente River is 270

m3/sec.'

4.4.3.4 River Reaches for Improvement

From FIG.-4.4,3 and PIG.~-4.4.4, it can be said that the present
river courseé has not sufficient discharge capac1ty, and it results in
flood iﬁundatioﬁ. Thus, damage is eeusEd on a smaller scale than the
ouinali {A) River to human lives, crops, houses, h1ghways, river
structures and ireigation facilxties, especially in the affected area
including two (2)_1mpo:tant mun1cipa1it1es of Tabacod and Malinao,
Conseqqentif, it is necessary to establish a flood control plan to
avoid this damage by improving the river channel, The.tiver réaches
. Eor imptovement'are'selected as follows eoﬁsidering the'diseherge'
capacify 6f the pfesent rivet and importance of the affected atea.

'(a) The main course - River mouth to Ogob 2 km downstream the
contraction at Bantayan

{ceach of 11.3 km) " . %
. : - : : G ¢

< 96 -



{b) The San Francisco River - Junction with the main course to Ligao—'
Tabaco National Highway bridge at’ San\' fai
Antonio {reach of 6.5 km) '

{c} The San viCente River* - The rxver m0uth to. Ligao-Tabaco National'_g

Bridge at’ San Vicente (réach of 4. 0 km)
o & This tiver ‘is out of scope of the- Master Plan.

4.4.305 "River Improvement’ Plan’
(1} Alignment of river channel - R
The allgnment of river channel is designed with. the following

considerationy LN T s R

) The alignment will follow the present course of the river
' channel to the extent possible, .- '

”(ii)“The radius of curve of river channel should- be as- 1arge aS*. :

' poss1b1é S I P R R ¢fs»»
(iit) Existing levees aré entirely replaced by the newiy

© cnstiucted ones. ' e it
T(iv) - The‘allgdment should not bé selected to involved the land -
'  oécipied ‘by houses, etc, as much as possible.

' ?iﬁal aligniment of Iévees”éf proposed éc¢heme 5. shown in . .
PIG.-4. 4'5ﬁ " The' ones for the‘San'FEaﬁciscé River and the San viéenre Foa
River are also shown by dottéd lines in the same figure because of no .
river survey. ‘ :

{2) River profile

River profilé should principally be designed to ﬂaintaining ‘the
present’ river bed slope as much as possible to keep the equilibrium
river bed slope and minimize and the’ construction cost for the . -
present. Thus, the river bed slope is designed randing from 1/1,200 to
1/80 as shown in FIG.-4.4.6. The average river ‘bed slope of 1/190 and
1/100 for the San Prancisco RiVer and the San vicente Rlver is uged
respectively for computation.
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{3} River orosg section Efﬁge.lwlw _
' _As the design discharge is ovet -300 m3/sec, the river ctoss
séction along the main: course is aeslgned as a compound ‘sestion. And
'the ones Eot the San Francisco River and the San vinqénte River ate .
desigﬁed as simple trapezoidal sections. COnsidering the river bed
depth measured frOm the gtound 1level. of inland, formation height of
sige sections are designed to be 2 5 n higher than the main section.
The width of the main section is so designed that the, side sectxons are.
used_Eor passage of flood water 1 to 3 times a year..,as there;is:not
‘rauch denseiirpOPulated-aréa,-lénd acquisition is. not vefy‘difficult,'
therefore, river width is selected within the range specifled in the .
Standatd.

The dimension of cross section is determined by Héhﬁipg;s:Formuia
assuming uniform flow. . The-lévees are basically desigﬁedain conEOrmity
with the Standard.. The freeboard is set at 1,2 m to 1 0 m and the top
.width is 5 to 4. n depending on the design discharge, The slope of .,
levee is selected to be 1:2. The berm of inland side of 3 m in width
is_cOnstructéd'étaeﬁery'33m-height-in case total(heighh oflthg levee is
over 4 m, The maximum height:pf ievee'becomes-abou§:4.6¥m_ngq; the
river moﬁth. The river width beddmés about 270 m there. As the high
water level bE EL.: 5'1 m at the river mouth'is higher‘than the highgét-
tide of 1.3 m: tecorded- during ‘the peciod between Jan._'?g and Apr, {BO,:,
-no special consideration is given to tidal effect.' It is. necesaary to.
take some measu:es for drainage. The typlcal cross sections_are:shown_.
in FIG.~4.4.7.

{4) Major river structures Ty e T ‘
Reibting to the above—mentioned rlver improvement, the necessary.
river structures,=are.summarily,listed_as follows*d
Beorfd) Levees wlth sod facing L
(11) -~ Foot: protection and wet masonty . for 1evees,w

O Y TR, et
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444 Agrlcultural Developmént Scheme’ f*'a'«“ SR EE Rt IORE S S AP

4.4.91° Agf10u1tura1 Develbpmeht PLiA E At el R i
Aqrxcultural‘development ‘Plan proposed for” the Quinali (B) River
vasin is formulated in the samé manner as that in the Qulnall (a} River

basin. * ¥

azira '-ii: ERY]

Out ‘of ‘the ‘présent rice Eield of ‘3,950 ha' 1n the Qu1na11 (B} River
basin, l 370" ha'is lrrxgated, but’ not sat:sfactorlly becaUSe ‘of ¢
temporaty nature of intake fac111tles and 1mcomplete canal networks.
The propdsed development plan covars 2, 400 ha along the mlddle and
lower reach of ‘the Quinali (B) River, 1nc1ud1ng 810 ha of f100ded area
and 1,590 ha oE”fioﬁdefee area. The whole flooded area ‘is the
. exxstlng 1rrlgated rice fleld, whlle the Elood free area consists of
560 ha ‘of the exlstlng 1rrzgat16n schemé area and 1, 030 ha of ‘rainfed’
rice field. <Thus, the irrxgated ¢ice field will increase from 1, 370 ha
to 2, 400 ha undet the proposed agricultural development plan.

«

Yo

The propoéed'E:opﬁinq‘pattetn*is‘thé same ééfthat”OE-thé Quinalf 1"

(A) River basis ad illustrated in FIG.-4.3.25. ‘Farm inputs and fariing
practices are also the same as that of the Quinali {A) River basin.

4.4.4.2'.Irrigat10n Davelopment Plan

The présent watér ‘sources for the propdsed ‘devélopment’ area ‘depend

NED

on the Sawang and the San Franciséo Rivers which almést dry up Inthe %

dry*ééQSOn:ip?ofifhé“future irfiﬁéffﬁﬁ'déﬁeloﬁﬁéhf inéﬁﬁfé aréa,’
therefore, the Quihaii;(ﬁf'ﬁivér is selected as irrigatidn water
_source. ‘The new headworks with movable weir will be constructed 2 km
downstream the confluence of the guinali (B) River with 'the §6a'R{§éi2
Prom the héddworks; main canal of 11 km will ‘be constricted along the

southern boundaty of the aréa.™ Seven’Secondary éanals with a total- ™ !

léngth of around 30 km will bé branched off from thé ﬁain"éaﬁal;*ﬁThe_
existing canal networks are combined with the said proposed ¢anal
netwOrkﬁésFtérﬁfnéi‘itéiééﬁién;ééﬁﬁlfﬁéfﬁofﬁéf :In:aﬁéition'tb‘éhengﬂ
natural afainigé”éanaié:ﬁltﬁia”tbta15iéﬂ§th”6f’2é'kﬁ{?ébddtﬁi7“km of‘3'
main and’ setondary drainaqe canals ‘and 95 ki of fléld drains will bé

A

excavated for the surface dralnage 1 the Aroa,
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4.4.4.3 Anticipated Yield and Production Increase e A
With the increase in the amount of: nitrcgen £ettllizer applied and;
the imprcvement of irrigation facllities, the palay yield is expected
to increase to 5.0, tons/ha for the diy season rice cultivation and 4. 5
tcns/ha for the wet seascn. The prcduction of palay will increase by
10,200 tong from the present production level of 12, 600 tons. This S
: increment is attributable .to the proposed. irrigation development scheme

_ when comnenced after implementation of the proposed river 1mprovement e

plan.

4.4, 5“Flood Damage Analysis
4.4.5.1 Damage to Infrastructure .
{1) Damage to Houses._ Lo . Lo cooe
o The damage. to houses in the Quinali {B) River basln is estimated
by the same method of the previous Clause 4, 3.5.

| The"damage' is estimated at P 0.75 million, © 1.54 million, P 1.88
million, P 3 65 mlllion and P 4 22 miilion for 2-year, lo-year, .
20~year, 50-year and lOB—year probable flood respectively as shown in
TABLE—4 4 3

“{2) Damage to Government Infrastructure _ o )

‘) Damage to government 1nfrastructure such as roads and river .
_fac11ities is est1mated at P 0 .31 mlllion, P 0. 14 million, PO, 49 \
million, P 0 43 millicn and ?.0.54 millicn for the f100d of 1975, 1976,;
1977, 1978 and 1979 respectively as shown ianABLE—4g4.2,t

{3) Damage to Infrastructure I . ]

The estimated damage to infrastructure is calculated for fzve
'flcod cages by aggregating the: damages and on the same- assumpticn as
the previcus claUse 4. 3.5, ., F T P O IS

The damage revalued at 1979 price 1eve1 is estimated at P 1 29
milliOn, P 2, 19 mlllion, P, 2.55 million, P 4. 35 mlllion and P 4 97 e
'million for . 2-year, lo—year, 20—year. 50-year and 100-year probable a;l_
flood respectively as shown in TABLE-4.4 3.__,;.,,_=

T S T
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