3.3.3 River Work Section
qunali (Aj River

(1)

i)

i1)

General

.The Quinali (A) Rlver gatherlng many streams orlginating on

. the southern to western slope of Mayon Volcano flows generally

in a westerly or northwesterly dlrectlon and flnally pours

-1nto Lake Bato. ‘It is the blggest river. among che above

'rivere:to'be studied in the. prOJect area. The total length of

the river is about 150 Yan ‘and 1ts dralnage area is .about 330
km2 (excludlng Tallsay Rlver).. The-catchment area is mostly

cultlyated lands. - Most of them are rice fields. . But along

~‘the méih'eourse'of Quinali, there'ere such densely populated

'municipaliéies.as Camalig3-Guindbatan, Ligao, Qas, Polangui

andeibbn:and mahy.other'properties_thét can_hardly=be

. ;removed. EAl’ong the middle and the'lower'reaches‘ef ‘the main

course, major trlbutarles are -the Na51$1 Rlver from Mayon

Volcano, the Polangul River and the Tallsay Rlver, And no

good'sites for flood control dams and retarding basing are

found.

Upstream reaches of the main course _
Along the Qulrangay and Pumpa Rivers, flood inundation occurs
in the 11m1ted-area downstream the Maharlika National nghway

mostly due to poor. drainage.

The junction with the Maninila River is treated well with

revetment near'thefrelocated'PNRxbridge piers under

. construction.

-Along the - upstream reaches of the maln course, Gu1nobatan

uffered most from flood damage and inundation due to the
llmlted dlscharge capa01ty of the present river channel in the'
town. Repalrlng, helghtening and extendlng of the present

dlke w1ll be effectlve 1f the structure of revetment is

_ modlf;ed w;th proper foot protectlon. The bridge of Maherlika
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iv)

v)

National nghway, which used to be 1ooated at the upstream end

of - the. town and was destroyed due- to typhoon “Daling", should

~ be 50 re«constructed as to have an adequate flow area to.

dlscharge floods. "Further upstream; cutﬂoff ohannel made of
boulder drkes IS underway, but it does not seem to have an
adequate flow area. Therefore, careful consideration seems -
necessary in such a way that this channel wlll not scoir the

foundatlon of the brldge ment ioned above.

Cabilogan Rlver

. After the ‘Bahao Brldge, the Cabllogan Rlver flows ln a deep

valley recelving two (2) left trlbutaries. After passrng this
valley it is meander ing, espe01ally at Tagpo—Cava01._'The left

dike of grouted riprap was mostly destroyed by typhoon

“Daling” there. A plan of shortcut should properly be

implemented there.

Ogsong Rlver
The Ogsong Rlver seems rather stable in 1ts mlddle reaches.
But, downstream the Paulog Bridge, it changed its. rlver course

due to vast amount of sedimentation. durlng typhoon "Daling™.

The'dredglng of the old river course is underwvay to facilitate

rhe old course as bhefore,

Na5151 Rlver

Along the MNasisi River after the ngao—Tabaco Natxonal Highway

-brldge destroyed by’ typhoon "Dallng ’ there are ‘such important

" structures ‘as newly constructed Gamut Brldge, PNR bridge and

National nghway brldge. The" latter two structures are.
helghtenlng fhe river bed with’ sed1mentat10n.= It seems that -

Natlonal nghway bridge especially should be re—constructed as

- well as PNR bridge under planning of reﬂconstructlon with

adequate flow ‘area to avoid sedimentation.

- 20 -



i)

vii)

.fPolangux River
-'Along the Polangur River, there exists Qulnali heft and Right

' Irrigatlon Dam, whieh ig an’ overflow type fixed welr w1th a

small sand flush - As the dam helght is about 3 m, and as it

is heightening the rlver bed, it is one of a maln causes of

»flood inundation of Polangul. It is also cauSLng scourxng of

: _pxers of Qurnall Brldge Just downstream. -

Tellsay Rlver

The Talisay Rlver recelves big rlght trlbutary which gathers

.-water malnly from Emergency Economlc Admrnrstratlon (EER)

Spillway just upstream ‘the South Qulnali Dam at low. water and'

from’ Bongoran Splllway at flood., It used to be an 1rrlgat10n

'dralnage channel. It has formed a deep valley after repeated

floods.

The rlver course up to the upstream ‘reaches of the Bacolod

Brldge has a wide and’ deeo channel for passage of a large

. flood, but, suddenly becomes shallow after the bridge. River

o control-by-cut*off'channel is underway there., And it causes

- .oviil)

.~ £lood inundation in the area near the Talisay River. It

- receives the leon Rlver before the Bailey Bridge, and 301ns

the main course about 2 km before Lake Bato.

_Quinali (&) River

_‘The middle and. lower reaches of the main course, which is

called the Qurnall (A) River,: are conSLderably mlngled w1th

the Talisay rlver, the Polangui River and other tr1butar1es,

:all of . whlch flow down Erom. the surroundlng mountalns and

hlllS ‘other “than Mayon Volcano.' These trlbutarles have flushy

nature of dlscharqe and contaln much more suspended materlals

: due.to surface 3011 eroslon than the rlvers comlng from Mayon

Volcano. About twonthxrds (2/3) of the Qu1na11 () Rrver

course in length is provlded by levees. However, ‘the levees

‘are often destroyed in many places, Thls 1s malnly because of

lack of dlscharge capac1ty of the river course. Tt is Efound
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that the left bank levees at Das 1ntentlona11y consttucted

'1ower than the rlght bank Among such four (4) 1rrlgat10n -

~intake dams as South Qu;nali, Busac—Alomon, San Aguet1n and -

Agos— Sta. Cruz dans are exlstlng in the maln course, San

Agustln dam was destroyed by typhoon “Dallng ; and all othelsh

~are overflow type fixed: welrs with a small sand £lush.. These

dams offer adveree effect;s from the v1ewpmnts of flood

'control of the river, since they not only reduce discharge

capacity- durlng floode, but also helghten the river. bed w1th
sedlmentatlon. The Bueac—Alomon dam is cau51ng scourlng of

plers of Qu1na11 Brldge as well as Qulnall Left ard: nght dam

'along the Polangui Rivet. There are at present three (3)

connectlng canals between the Qulnall (A) Rlver and the
Tallsay;R;ver; at BohgorantSplllway upstream‘Oes, at EEA
Spillway downstream Oas and'the‘Libon-River*uPStreaﬁ the'newly:

constructed Busac-Alomon dam. First two (2) canalé;join each

~other before enterlng into the Tallsay River. Preseﬁtly'a

part of the ord1nary dlscharge o£ the Qulnall (A) River is
diverted through these canals into the ralisay Rlver. And it
seems that they also function as flood ways, but the
inundation in the area between the two {2) rlvers does not

seem to be av01ded by these canals.,

Lake Bato
Presently, Lake Bato is utlllzed as a flood retardlng basin.
The flood 1nundat10n in the downstream reaches near Lake Bato,

some 2, 000 ha is malnly due to Lake Bato g0 far as 1t :

'functlons as a natural retarding: ba51n. It 1s a dlfferent

phenomenon from the floodlng pattern of the mlddle reaches of

the QUIHall_(A) River. - This 1mp11es that the area near Lake
- Bato of about 2,000 ha could not be’ 1mproved by the. flood

: control works of .the Quinall (a) River unless art1fic1a1

.regulatlon of Lake Bato is considered The p0551b111ty of

Lake Bato—Pantao Bay Diver51on Scheme, the Levee Around’ Lake

'-Bato, and other plans should be carefully studled
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(2) ‘Quinall (B) River o |

The Qu1na11 (B) ‘River orlginates on. the: western to northwestern
slope of Mayon Volcano and gathers several trlbutarles both from Mayon'
Volcano, Ht. Masaraga and Mt. Mallnao. The affected area cover° the
Mallnao plarn, Tabaco, Mallnao and a 1arge tract of rice field. It

'passes across the Natlonal Highway brldge near. the ‘river mouth,

Along the:midd1e and the lower reaches of the main course, the
-'Taki'River'from Mt Maliﬂao-from'the'left and the'San Francisee River
.from Mayon Volcano from the . rlght, 301n the maln course._ The
:trlbutarles from Mayon Volcano have less discharge whlle ‘the
trlbutarles_from.mt. Malrnaq_have.flushy nature and.their discharge is

great.

-Among the;tributaries from Mt. :Malinab,'tﬁe plansa River and the
Taki Rlver partlcularly, which -join the maln coursa in the lower_
'reaches, cause flood damages to rice fields of’ Mallnao. The San_
‘Francisco Rlver is the major trlbutary comlng £ rom Mayon Volcano, and
it meanders in the lower reaches and the river course is not stable._
Along the main- courSe, due to contract;on of fords near Ogob the river
bed is helghtened w1th sedrmentation, Bank erosxon is notable in

meandering river reaches at Tuliew..

Flood protectlon dikes were constructed several years ‘ago on the
right bank of the maln course and the San Fran01sco River respectlvely
to protect the Malinao Plaln from floodlng. However, these dikes are
of ten destroyed ‘due to flood caused by typhoons. Either the
relnforcement and exten51on of these protectlon or new constructlon of
dikes. w111 be requxred ‘the- maln course meanders in the mxddle

_reaches, but 1t forms a natural retardlng b351n 1n rather a w1der
channel. The. sand splts due to coastal sedlmentatlon develop at’ ‘the
riyer mouth., But it has been observed that they are "flushed out’ durlng
floods. :
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(3) Yawa Rlver

‘The. Yawa. River gathers three (3) streams on the: southern to
southeastern slope of. Mayon Volcano and other small trlbutarles from
the southern hlllS (whlch are out31de ‘of - the project area ‘and among
which the blggest one is the Busay RlVer) And it flows mostly in
easterly direction along. the Legazpi Alrport pa331ng across the:
National nghway-brldge_and'pourlng finally ;nto.Eollqul Bay_of Albay
- Gulf, at the north of ‘Legazpi City. The three (3) Streams are the
Anuling River,.the’Budieo River and-the_Pawa—Burabdd:River from the
west to the east, ‘fhe main course of the ¥awa=Ri§er-has gra&eIé.and
-bopiders in its middle reaches. However, the rivér-channel seems

stable.

The_overfloW'culﬁert type bridge near Cagsawa Ruin_ﬁdsfpertially
destroyed by typhoon."baling“} bﬁt it was repaired:afterwards. The
Culiat dam for irrigation_is-newly constructed Befween'this bridge and
the overflow culvert at Kilicao. The bank erosion is seen in.the
middle reaches for which some bank protection work is required. The
_overflow culvert, whlch is bridge cum intake dam for industrial water
for a paper_mlll, hinders the passage of flood flow. This should be
réplaced by an intake etructure with a movable weir. From Kilicao to
the point near the Legazpi Airport, the dikes arelprovided.onxbofh
banks, However, about 2.5 km of the lowér-most reaches of the Yawa
River causes sometimes inundation with 0.5 m deep during floods. This
section will reqoite the construction of dikeSjto protect the dénsély_
- populated Legazpi'City and its suburbs.. It -is noted that such rivers.
aé the San Roque River should be improved in drainage. Sand épits due
to coastal sédimentation are formed at the river mouth. But it has

been observed that they are flushed out durlng floods. '

(4) East and North—East ‘Streams
i) ‘There are. many Lndependent streams orlglnating in Mayon _
'Volcano and flow1ng 1nt0 Albay. Gulf and Tabaco Bay between-the _
Yawa vaer and the Quinali (B) River.. Among these, eleven
(11) streams were selected to be the ones w1th1n the. scope of
stqdyl;noth;s pro3eot,- They are numbered ona (1) to eleven '
(1i) from south tO“north as shown in the General Map. One of
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iii)

_the important features of this area is that careful

conuiderat1on ‘should be made for Sabo works and £lood . control
works malnly for Mallllpot, Tabaco, Baladinq and Malinao.

Another is that among these, number four (4), 91x (6),. eighL

- (8) and ten (10) are relatively important than the others.

Eleven (11): streams are basically divided into two (2)

groups. Those in the first group (No. 1 to 6) are located

.Eetween the Yawa River. and Pre Mayoh Volcano. And the river

bed slope of'them is kept”éﬁeep until they form alluvial fans

. just before pourlng ‘into the sea except No.5 whlch has

relet1ve1y 1onger river coutse than the others. Among- these,

'number ﬁhree (3), four (4) and 51x (6) are devastated. Those
" in the 2nd group (No.7 to'1ll) are located between Pre Mayon
'Volceno}aﬁd the Quinali (B) River. They flow north-east to

‘north and ohenge their ¢éourses to east at around EL.. lOO m,

Sedlment dep051t10n is notable around there, and some form blg
alluvial fans. After changlng thelr courses, river bed slope
of them becomes gentler,_and they flow into Tabaco Bay. - Among
these only number ten {(10) is &evastateér '

: No.l_stream (Buyuan (A) River)

The upstream course forms a small gorge, and it approaches
very near to the Pawa-Burabod River, a tributary of the Yawa

River. After the‘gorgé,.it'forms a big allUvialifan together.

‘with the Pawa-Burabod River. . At the junction with the
- National Highway, sediment load is not notable and river bed
‘séems to be stable,

No.2 Stream (Buyuan (B} river) _

This: stream is composed of two {2) trlbutarles flowing in
parallel along the ‘southern side of Mayon golf eourse. The_
upstream gorge is relatlvely deep, The northern tributary is

flowxng along the southern edge of the golf course, -and the

‘mud/debrls flow durlng typhoon ”Dallng entered the golf

'course. Excavatlon of boulders and gravel 1s belng made along

‘this_river.f Along the southern trlbutary, there grow coconut

trees'andfbeshes, No damage downstieam due to mud/debrls flow
is_expecéed. _ o
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V)

vi)

No., 3 Stream (Matanag River)

There exists' a relatively new lava f£low at EL." 500 .m,
Invading of vegetation COverSJréddieh—brewn_surface"of.lava
partially. Erosion at the upstream.portien below lava is not
notably recognized. Due ko the influence of lava, poor

vegetation is revealed around there. But it is still. probable

‘that the river course becomes devestated due to further

erosion. ‘Sediment deposition exists down to El. 80 m followed

by rice fields downstream.

No. 4 Stream (Basud Rlver)

This stream is one of the most devastated 51m11ar11y to the
Pawa-Burabod River. And rlght trlbutary comes from the left
side of the same lava flow as No, 3 stream. And left
tributary is relatlvely stable provided with better geological
condition.  Right trlbutary formed an’ alluv1al fan between EL.
230 m and EL., 120'm, and during the f£lcod in 1968, a mass

movement of sediment occurred, and sediment was deposited at

‘the junction with the left-ttibutary_a£ the Netional Highway

bridge; The bridge was partially-destroyed during typhoon_
"Daling", but repairing with improvement of abutments is

underway. Sedimentation at that time is notably recognized.

No. 5 Stream (Bacacay River)

Invading of vegetation is revealed at a higher elevation than

the other streams. And gully erosion .is recognized on a small

sdale; Consequently, the river course i2 in a Sfable state,

Five (5) tributaries are passing aCfoes the National Highway,

" but the_disCharge'cépecity does:not seem to be adequate. The

4th tributary from south seems to be the largest in'ordinary

diQChapge, and a noteble amount. of sediment transpbrt_iS'

.expected durihg floods, Judging from‘a mouhteinoué.mass and

the form of the basin seen downstream the National Highway, it

seems that the river course could be'devaetaﬁed-in.old'days.

But the basin at ptesent is used as rice field&iahd.isfin a

-stable steter
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No. 6 Stream (Bulawan Rlver) _ _
It flowe through a narrow course 1n its, mlddle reaches, and

- forms a flat plaln. And sedlment is dep051ted there. ‘The

rlver cour e changes toward east, and then toward northueast
after the Natlonal Highway and flows 1nt0 Tabaco Bay atia .
steep rlver bed slope The top of an alluvial fan exists at

the hlghway, and a vast amount ‘of -boulders and a notable

”ordlnary flow exist there. But the water lnflltrates

af terwards. AS'no'Vegetatlon is revealed at the-flat plain

"upstream, a notable amount of sedlment 1oad is assumed. - The

_'very w1de rlver COUI‘SE spread over near ‘the rlver mouth. oo

7 Stream (Tlagao Rlver}

From Mayon vOlcano, 1t flows north—east and changes its- course

.1to east at EL 100 m . and 1t flows - along the northern side of

Malxllpot be1ng jOlned by several gmall trlbutarles ‘from Pre

'Mayon Volcano. The rlver bed 15 now .in a stable state.. As
far as. ‘the ordlnary dlscharge is concerned, .one eastern—most

5tr1butary from. Pre Mayon Volcano that flow along the southern

side of Malilipot is largest,

No. 8 Stream (¢agas Rlver)
The orlgzn of this stream i8 very near to that of No. 7

stream, but it flows north and flows along the ‘southern’ side

of Tabaco, As: rlce flelds exists at a hlgher elevation than

the: others, it seems ‘that the river course became stable in

old days;"Prdfile-ef:the river -course seems to be quite

smooth, River‘bank erosion occurred ‘during  typhoon “Dinang

dn 1981 along the meanderlng reaches upstream and downstream

'the Natxonal nghway brldge;

No. 9 Stream (Bonbon Rlver) _
The orlgin of thls stream is an underground aqulfer at: EL. 100

m. Around the. orlgln, ‘8 gully eresxon on a small scale can be

observed But sedlment vield seems to be small, and 1ts

Lnfluence downstream is negllglbly small. Even though the
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water comes from the underground aquifer, ordinary discharge
is comparatively large. And as thé river bed slope is gentle, .
the river course is meandering and causing-tight bénk_eIOSion _

just upstream the Natiqnal_Highway'bridge.

No. 10 Stream (San Vlcente River)

The upstream river course is most devastated among the eleven
(11} streems. The upstream—most portlon forms the deepest
gorge...And there is a trace that the river course ran to:No.
8 Stream previcusly. A vast alluvial cone starts at'atoued
BL. 180 te 160 m, and a mﬁ&/debriS'EIGW‘cn a=1atge-scale,f
flowed along the left sxde of the cone and overflcwed

Ligao~Tabaco National nghway between San Vicente and San

‘Antonio, after deposition of mud and debrls The river course

becomes narrower and 1t flows 1nto the San Francisco River,
And at the same tlme, most of the runoff flows down w1th
erosion along the right side ‘of the cone. " And it malnly flows
into No. 11 stream and partly into No. 10 stream The
downstream reaches are the old river course from San Vicente,
Therefore,uitlis quite probable that a flood flows from San
Vicente to the downstream reaches of this stream. The present
river course is used for irrigétion. And the dlscharge

capa01ty for fleood does not seem to be adeguate, -

No., 11 Stream {Sawang River)

. This is the present river course from San Vicente. And it is

Cactually used as an irtigation canal at present.
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3.4 Present Conditlon of Agrlculture
3.4.1 Natural Condition of Agrlculture '

» The terraln of the ob3ective area for 1r11gaiion development is
gently sloping from the: foothllls of Mayon Volcano to a generally fla£

area along ‘the Qu1na11 {(A) and_(B) Rlvers.

“The. 1nter10r alluvial plaln 1s predomlnated by Lloe field. Most
of the soils in the alluv1al plaln except those developed under the
1nfluence of the Tallsay Rlver are formed in a recent alluv1um derlved
mainly £rom pyroclastlo materlals.g The 5011s developed under: the
influence of the Tallsay River 1s derlved from the clastlc dep051t and

' llmestone and is often callcaneons._

. The 30115 in the alluVLal plaln are mostly well sulted for
1rrlgated rlce cultlvatlon. They aLe deep and have: moderate to -high
-_natural fertlllty. Surface sozls are- 51lty clay to loam - and are ea511y
_puddled. The 50115 1n the south of the Tallsay River are vely c¢layey
“and are marglnally or not - sulted for . upland crops because of soil
tzllage'problems-and relatlvely‘hlgh groundwater level. The soils 1n
the piedmont area. are sanay loam in”the.Surfece soil and have moderate
to locally low fertility. The soils in or near valleys'of-MaYOn
_IVOlcano are very ac1d with pH values of 4 5 to 6.2 1n the surface soil

'and 3.3 to 4. 1 below about 60 cm deep. ' .

| 3. 4 2 Populatlon and HouSehold

' Admlnlstratlvely, the pro;ect area is 51tuated in Albay Prov1nce
and con51sts of twelve munlclpalltles and Legazpl City. Accordlng to
_the populatlon census in. 1980 populatlon in the progect area is |
estzmated at 416 700° con51st1ng of 73 370 households. Based . on. the
results of faxm economlc survey by the survey team of the Master Plan,
the number of farm household in. 1980 is estlmated at 39, 190.
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'3.4.3 Present Land Use

With regardlng the. present land use in’ the project area, the
agricultural land is 44 712 ha con51st1ng of . 21 714 - ha of . rice fleld,
1,879 ha of ‘upland field, 20, 866 ha of coconut fleld 131 ha of abaca
fleld and 122 ha of c1trus ‘field. The natlonal and communal lrrigatlon
_systems cover about 2,400 and 10,000 ha of rlce field, respectlvely. _'

The remalnlng rice flelds are mostly cultlvated under ralnfed conditlonfg

The non-agricultural land totals 25,130 ha including 10,182 ha of -
forest and 7,720 ha of grass land. Due to the limitatidns'such as
slope and soils, these areas are mostly not suitable for further

reclamation to arable land.

The éverage farm si2é'is_§bbut 1.2 ha incldding iiﬁé'fieié,:uplandi
field, coconut fiéld, abaca field-énd citrus'field,-while'abbut 60% ‘of
the totél f&rm hbusehold:has-an area of lésé-than p.Q'hd,:fIh respeCt
to land tenure, ‘only iB%fbf the farm household are ownercuiﬁivatbr.‘
The remalnlng 17% is amortlzlng farmer, 45% is 1easeholder, '16% IS

sharetenants and 4% is mixed tenure.

3.4.4 Present'Croppihg-Pattern and Farming Practices
The present cropping pattern prevailing into the irrigation':

developinent area iszillustrated in FIG.-3.4.1,

. The main crop gnowh in the project area .is rice. The éropping .
pattern'of'rice ié restricted by the rainfall'pattern;' Normally, the
- start of the land preparation such as puddllng c01nc1des w1th the start

of the wet season. “‘Typhaon’ and flood seasons also infl uence the
cropplng patterns of rice. The rice cultlvatlon areas are grouped 1nto :
three areas according to the cropplng pat?erns, 1 e., Qu1na11 (A} Rlver
ba51n,;Qu1nall (B) Rlver.basin and Lake Bqto flood areas. In the
‘Quinali (A) River basin area, dquble cropping of rice is-practidéd;

The sowinq'of wet _season. riée:sﬁéftS'in Aﬁfil and ends in;Juné.' The

" harvest’ starts” in August and ends in October. The sdwing”for'dry
season rice cultlvatlon starts in November and ends in January. . The

harvest season is from March to early May.
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The Qu1na11 (B) Rlver basin area, the. rice cultivatlon gtarts one
‘month earlier than in the Qulnall (A) River baSLn because of more
: rdlnfall in the dry . seagon.f The doubie cropplng of’ Lice is: commonly
practlced in this area. The sow1ng of wet season rice starts in late
March and ends 1n May. The harvestlng starts 1n August and ends dino
geptember,_ The dry season ‘rige is sown" from October to November and is

hafvested from late February.to early April.

About 1,000 ha adjacent to Lake Bato is severely flooded every,
'year, where only 51ngle rlce cultlvatlon is practlced Thefsowing of

rlce 1s done Ln apr11 and harvestlng is f£rom late July to August°

Farmlng practlces of rice cultlvatlon are. partlally mechanlzed

_ Ploﬁlng is done for most cases by carabao and puddllng is done by
carabao or hand-tractor attached w1th puddllng wheels. Weeding is done
'mostly,by.hands and. herbLCLdes and rotary hand weeders.ére used
subsidiary._ Improved hlgh—yleldlng varletles such as IR—36 ~IR~42 are
" the major varieties of rice in the project area. Plantlng den51ty is

20 cm x 20 cm in mosh cases.

Fertilizer appiication.is the common agricultﬁ;al'practices for
rlce in the 1rxlgat10n developnent area. The'averagé used of
fertlllzers ‘in ‘the Qulnall (A} River basin. are.76 kg N/ha, 16 kg
P205/ha’and_8 kg Kzﬁ/ha, and those 1n the Quinali (B) Rlver basin
are 67 kg'N/ha-,_ 19 kg 9205/ha and 6 kg. K,0/ha.

Damages by dlseases are very 11tt1e. Major rice diseases are
-tungro, 1eaf spot and - bacterlal leaf bllght dlseases. Farmers apply
1nsectlcldes normally 3 to 4 times against stem borer and whorl maggot

for a preventlve measure.

. 3 4.5 Agrlcultural Productlon
_ Based .on the data obtalned from the Reglonal Offlce of BAEx,
x1st1ng yleld and productlon of palay 1n the prOJect area in 1979 are

'estlmated as skown in TABLE-3. 4. 1 and summarlzed as helow:
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- Basin .g Area .. © Yield .- . Production

{1,000 ha) . (ton/ha) {1,000 tons)
'Wet'SeasQn o R I .
- Irrigated 9.4 3.0 ' 28.2
- Rainfed - 7.1 1.7 12.1
Dry Season - _ : . o
- Irrigated 9.4 ©3.2 0 3005
Total 25,9 2.7 70.8

On the other hand, the sample‘SEEvey bh-paddy yield'threugh
1nterv1ews was carrled out by the survey team of ‘the Master Plan 1n_
1980. According to the results of thlS sample survey, the average
yield of palay in all sample areas is estimated at 3.5 tons/ha 1n‘the
dry season and 3.2 tons/ha in the wet season. .It is considered that
the high yleld of palay ig attrlbutable to the well extension serv1ces

and floodwfree condltlon.

Coconuts are planted on 21,200'ha;_from wﬁieh abbhtZZO;Oboztons‘ef
copra are produced annually. Average yield'ie about 40 nuts per tree
per year.: The plantlng den51ty is around 120 trees per hectare. About
883 of trees are fruit bearing. BAround 350 to 400 nuts produce 100 kg
of dried copra. .Major peet and disease of coconut in the project area

are Asiatic palm weevils and Cadang—cadang ‘disease.

_ MaJor upland crops in .the project area are corn, cassave, sweet
'petato, vegetables, banana and cltrue. Corn is not 80 1mportant for
staple fooa in the . project'area. Information on the planted area and
' productlon of corn 1n ‘the pr03ect area is not avallable. Average'YiEld
of corn in Albay Prov1nce in the phase & (January to June, 1980) of
Masagana Malean was 1. 9 tons/ha according  to the 1nformation from BPI
.(Bureau of Plant Industry). Leafy vegetables and rootcrops are grown.

for_the home consumpt;on, for most cases.

leestock ralslng is not a malnllne of the agrlcultural act1v1t1es

in the pro;ect area. Most of llvestock are grazed on a small scale in

the home yard and around the farm land.
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3.5 Present Cond1t10n of Irrigatlon and Dralnage Systems

Out of - 44 700 ha of agrxcultural land in the prOJect area, rice
. field pccuples approxlmately 21,700 ha and extend over three majot
river basine,'namely, the Quiﬁaiia(A); the Quinali (B)-ahd the‘Yewa
. River basins, and the East and North-East areas of Mayon Volcano. = At
present, tdtal-l3,000 ha of rice field is:irrigated under existing

irrigation systems.

There are’ 4 Natxonal Irrlgatlon Systems coverlng approximately
2, 400 ha; and 65 Communal Irrlgatlon Systems coverlng about 10,600 ha
in the.prOJeqt area. TABJE-3 5 1 shows ‘the net 1rrlgable area of
'existing'itrigetibﬁ systems. ' FIG.-3.5.1 shows location of éach

irrigation system.

_ The National Irriéation System is implemented from planning stage
to construction stage by the NatiOnal irrigation.Administration (NIR) .
Operation and maintenance works after accompllshment of the project are

contlnuously carried out by NIA.

The'COmmunal Irrigation System is also implémented from planning
stage to constructlon stage ‘by NIA, ‘but operation and maintenance works
are handed over to assoc1ated farmers® organl?atlon af ter
accomplishment of the prOJect. Some Communal Irrlgatlon-systeme have.
systematical irrigation canal networks with major permanent facilities
such as-headﬁorkstand related ettuctures. ‘chever,'the other communal
Irrigation Syétems.have ohly'tempé:ary_brush dams and simple irrigation

:canal netwbrksiﬁhichiare operated'individUally-by farmers themselves.

' Qaﬁéls'of'the:exiSting irrigation systems are ‘almost unlined and’
trapegeidal.' The irrigation facilities and canal networks are kept in

good condition, -

Drainage danel networks in. the existing itrigatioh systems are not
completely establlshed yet. ‘A ﬁumber of natural rlvers ‘and streams in
the project area are utllized as the dialnage canal networks,‘_

Therefore, a 1ocal 1nundat10n often oCCurs “just after heavy raln. .
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Five~year'Commﬁnal:Irrigatiéﬂ Development Prograﬁ (1981-1985) in
fAlbay'Provilnce:ha's beenlestablished'by NIA. The program includes
rehabilitétibn of ex1st1ng Communal trrlgatlon Systems and new.
dé#elopment'of 1rr1gatlon system in: the project’ area. The V- 
' implementation of plan is- scheduled from 1981. The Lehabllltatlon
program aims at 1ntegrat1on of 3 exxstlng lrrlgatlon systems with a
total area of l 664 ha in the Qu1nal1 (A) River basin and 2 systems

totalling 585 ha in the Qulnali (B) River basxn.'

‘As for the new development progrém,-4'schemes“a:e'gontemplatéd in
the project area.’ Among them, 3 schemes are 1dcé£ed'in'thezguihéli'(A[
River basin and cbvef“l 030 Ha. The remalnlng new scheme is located in
the East and North-East area of Mayon Volcano, and its total area

amounts to 312 ha.
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C 3 6 Ptesent Condition df infrastructure

'3 6. 1 Populatlon and Labor . Structure o
_ Present condltlon of 1n€rastructure in the project area is.
‘ﬁescrlbed on the ba51s of 50010meconomlc and physlcal profile of Albay
Prov1nce and of twelve mun1c1pa1it1es and Legazpl City.. Total;,
populatlon of the pro;ect area was 419 thousand 1n 1980 377‘th0ueand
11n 1975 ‘and about 52% of the total populatlon of Albay Prov1nce.=
:Accord1ng to the populatlon census, . it 1ncreasedrby 2.2% and 2.7% per
annum durlng 19?0 to 1975 and 1975 to 1980 respectlvely. The -
‘populatlon is concentrated 1n the pro]ect area, and the populatlon
'den51ty is 599 persons per km2 at present compared with. the _average _'
-denSLty of 286 persons ‘per km2 in Albay Province. The pEOJect area _
is predomxnantly rural and. only about 20% of the total populatlon lives
in the urban area. The number of barangays are 307 and’ about 50% of

the total barangays is 1ocated in the prOJect area.

Totailhouseholds.were 73,400 in 1980 in the project area and an
average famlly size was 5. 7 persons. The households increased at 17%
during 1975 to 1980, '

With respect to age composition, about 47% of total population
belongs to younger'age group, 0-14 yeaie, whiie about 50% to working

age group from 15 to 64 years and the remaining 3% to older age grou_p°

~ Out of the pereons of Albay Province, aged ten years and over in
_1975 43, 1% are engaged in galnful occupatlon and 53. 8% in non-gainful
occupatlons such as students, housekeepers. Agriculture, forestry and
flshlng were engaged 1n by 53.8% of the gainful workers. On the other
hand “the proportlons of gainful workers such as manufacturing,

constructlon and commerce were 18. 5%9 3.1% and 6. 0%, respectlvely‘

.346.2 =Infrasttncture
.(1) Roads o _

_ The barangays, the munLCLPalltles and the growth centers in the
progect area: are interconneted to each other by national provlnolal,

_ munlclpal city and barangay roads. The naticnal road has 21 road
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links of 1?1 63 Km 1n 1979, and especially the Daan Maharlika nghway'
;(Manlla South Road) serves as’ the maln arterlal road traverslng Albay
- Province ahd 1eadlnq to the external ‘Zohes. of Camarlnes Sur and

Sorsogon.

The p;oject area hés 138.96 km of.provincial.road, 139.77 km of
municipality/cfty road and 238.37 km'of_bafangay road in 1979. All

barangays’with{n the project area are with road’ connection,

- The pr03ect ‘area has 688 73 km of. road in 1979 accountlng for
44. 7% of - the total length in Albay Prov1nce. Gravel and- earth
surfacxng road ‘is estimated at 60.5% of total-length in’ the'project

area {at 76.3% of the total length except natioﬁal-road).

Twelve (12) percent 6f bridges of the roadshetwork“is of dohc:ete
tYpe=and the rest are timber, bailey, foot, suspenSion'Eridges and
spillways. out of them, some bridges were cqhétrhcted daring the

Spaniéh era.

(2) Eﬁéilway _

The Railway Southline of 474.05 km 1inks Manila and Albay;: This
line passes through 4 munlclpalltles of Albay Province, namely,
Polangui, Qas, ngao, Gulnobatan, and ended down to the terminal p01nt
.at Camalig. The orlglnal termlnal at Legazpi Clty was cut off when the

1975 flood washed away the steel brldges at. Daraga.

The failway_length‘bétwéen Bato station and'Camalig st@tion is
40.06 km, and 13.63 km between Camalig and Legazpi started to be
dismantled from 1975, New railwéylﬁihe'(DeViéﬁion'Liﬁe:Project,- _
Gulnobatan—Camallg—.Daraga) started to be constructed €rom 1977. This
Line is 18.8 km 1n length and 1s 1ocated at southern area. of Mahar11ka'
nghway to aveoid: the 1nfluence of mud/debrls flow and flood from Mayon

Volcano.
Train services are avallable in Albay Prov1nce- three a day.
serv1ce of ‘north bound and south bound each between Albay Province and-‘"

.Manlla.
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The rallway 1n the pro;ect area has 41 rallway bridgeb ‘and thesel
brxdges are malnly made of I»beams and wooden plles._ The bridges
'located over the trlbutarles of ‘the Quinall (A) Rlver between ngao and
Camallg were constructed as temporary brldges, since these brldges are

affected_by the ﬁlood and mud/debris Elow.

(3)':Flood'Control." ‘ _ |
o Sone'part of'project area is annually. inundated at present‘during
rainy season by the flood of the Qulnall (A) River and the Qulnall (B)
Rlver, and the area around Mayon Volcano is ‘affected by the 1nundatlon
.”anﬁ sand sedlmentatlon. Also the government 1nfrastructure ‘Such as
~road: structures, rallway structures and river fac111t1es are damaged by.
.the flood water. Therefore, the Ministry of Publlc Works_had 17 river
control-pLOJects and City Engineering Office has 4 river oontrol

projects,in.the.projeot area in 1979,

_ “In 1977, the Ministry of ?ublic Works undertook a flood‘control
construction of 10,951 m end 1ﬁ,762.m repairs of dike,_end continued
the construotion, However, some levee and dikes are dameged every: year
by the flood and the damaged portions are reconstructed after flood.
Total amount of P 4.74 million was spent for the'Quinali (A).River'and
‘Quinali (B) River, and total amount of P 1.49 million‘was-spent'for the

Yawa river during 1975 to 1979.

- In addition to the above amount released for the river control
prOJect, total amount .of ‘P 1., 89 mllllon was spent for the prOJect area
in 1980 and. total amount. of P 1.98 million was spent in 1981,
EqpeCLally, total amount of P 3. 75 mllllon was spent in 1982 after the

recent damage due to typhoon "Daling".

(4}. Communlcatlon

. _ The Mayon Telephone Cooperatlon (MATELCO) operates the telephone
system in Legazpl Clty, Daraga and Tabaco, Albay Province accounts for-
29 8 percent of the total number of telephone connectlon 1n the BlCOl
Region and the number of 1,320 subscrlbers 1nd1cates a low den51ty of

0.17/100 population in 1977,
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All munlclpalltles and one c1ty in Albay Prov1nce are equlpped
with telegraph Servlce operated by the Bureau of Telecommunxcatlons.

Also six prlvate t@legraph companies complement the’ telegraph serv1ce.

Postal sérﬁice_in'albéy Province is:pkovided"mainly:by the
goverﬁment post offices to.the municipalities and city and 1.6 percent’
of all barangay are served by postal agencies. This yields an average

ratio of 0.04 post officer per 100,000 population.

{(5) Waterwork System

"The water supply comes malnly from sprlngs, arte31an wells,
shallow pump wells and open wells. All the poblacions and c1ty are -
served with a piped waterworks Sygtem, however, this system is far from .

adequate.

(6) Power

The electrlflcatlon of Albay Prov1nce covers Legazpl City and the:
pob1a01ons of 13 mun1c1pa11t1es of ‘the project area., The
electrification supplied by the Albay Blectric Cooperative'affécted
18,300 houéehold which was about 16 percent of the total household,

2,500 commercial consumers and 69 industrial consumets in 1979;
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3.7 Present Condltlon of Dlsaster Predlctlon and Warning System
3.7.1 Disaster L ‘ '

Dlsastexs concerned to thls Sabo and flood’ control project have
been flood 1nundat10n, mud/debrls flow and storm surge. These are
brought to the prOJect area by typhoon and mon.;.oon accompanylng torrent

heavy’ ralnfall and strong w1nd

Ralnfall w1th hlgh intensity in the mountaln elope turns to be a
flood with hlgh peak and flushed into river channels. The channel
slopes are as steep as more than 5 percent in the mountaln slope and 1
percent even ‘at mountaln skirt. “Whereas ones. in flat area adjacent to
'mountaln sklrt are less .than one per. mil and the rlver chanhels
suddenly deoreaseuthelr_flow capacrtles. In this accord the flush
- flood frofm mountain slope tends to overflow from natural channel and
the vast ‘lands are to be submerged by inundation along rieers. '
Calamities have been recorded as well as damages to houses, road and

other ‘structures due to inundation.

' Volcanlc materlals hang on the slopes and gullles of Mayon
.VolCano, Most of ones 1n gullles are 51lt1ng of volcanlc product once
slided and-eoncentrated thereto. A certain depth of ralnrall is liable
to oause_Iahd elide:of:the materials.on the elope into gulliee. It
‘triggers Seeondary sliding of materials in gullies once silted

therein. 'Mud/debris flow formed in this manner goes'down'scouring'out
the river channel: bed and channel ‘banks. It spills out from the river
channel and spreads wide along the rlver when lt comes down to the

: areae:of one to_two hundreds meters_above mean sea level in altitude.
- The mﬁﬂ/debris floﬂlwidelyfspread out has caused serious casualties and
_dameges since:the:areas'of-theee eleﬁation are populated rather
deﬁeely."Remerkéble damegeS'due‘to mud/debris flow have been
.experlenced repeatedly within a few years after “each eruption of .the
VYolcano since volcanlc materlals were newly produced and dep031ted in ’

_loose condltlon.
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Strong w1nd accompanled with tropical storm has caused storm
surge. A well developed storm surge ‘has beaten over the - sea shore area
of the . eaqtern coast of the prOJect area. Storm surge has clalmed
calamities and damages to flsherman s houses, roads and other

structures 1ocated in these areas.

According to the results of damage'ahalysis, the magnitude of

damage due to typheon "naling® for each cause is as follows;

(1) Flood Inundation | _ _ :
| Intndation has taken place.frbm some sides of most rivers in the
project area. The largest area of 12,800 hectare'Was'inundated:alohg
the Quinali (a) River. The rivers which caused major inundation

‘damages are as follows;

Quinali (A) Riwver _ 12,800 ha . .
Quinali {B) River . 3,100 ha

Yawa River ' _ . 700 ha

. As shown on the inundation map, sebmerged'area'is cencentrated in
the downstream reaches of the Quinali (A) River. Legagzpi City and '
Municipaliﬁies.of'Daraga; Camaiig,'Ligao, Qas, Pelangui:and Libon were
submerged by the inundatioﬁ:nevertheiees these towns are the local
center of political, edonomic, educetibhal and other. activities. The
casualty record shows that some 100 deads are to beé claimed by a flood
runoff of similar magnltude thh one brought by typhoon “Dallng in

these river ba51ns.

(2) Mud/Debrls Flow . ‘ _
| Vblcanlc materials produced by the recent erupt1on are plled on
the'SouthnEast'slope of the Mayon.' Gullies in this ‘slope are’ filled
with volcanic sand, gravel and’ boulder. Theee depesits fiowed dOanard*
and brought considerable damages to habitants and: ‘infrastructures at
the passage of typhoon “Dallng a Summary of the reported damages are’

as follows,
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1) Qulrangay aner
Earth embanked aike on the 1eft bank was hit by mud/debrls
' flow. and partly broken upstream the PNR_bridge.

' .ii)_=Masarawag Rlver
The old parth dike on the 1eft bank was attacked and
'breached. Mud/debrls £low damaged prov1n01a1 road and the

‘barangay of- Maninila. -

iiij :Anullng i Rlver . _
' -Mud/debrls flow damaged the barangay of Salvac1on c]almlng

casualtl.es,. The prov1n01a1 road was__ also damaged.

iv) Budlao River

'_The prov1n01al road was destroyed

v)' PawauBurabod R1ver
The spilled out mud/debrls flow hitted the barangays located _
along the river and casualties (dead) of 18 was reported. The

damaged barangays are Mabinit, Bonga, Burabod and Buyuan.

Casualties:{dead and miseihg)-of oome'sﬁ.perSOHS_are reported in
baréngays_iﬁ;the mountain'slope area of'Mayon voicano'attributabie to
typhooﬁ "Daling“. It should be speCLally noted that the evacuatlon
actxv;tles vere behlnd time since the: disasters occurred in ‘the mid
enlght and people did not acknowledge the warnlng disseminated through

publlc radio broadcast.

{3) Storm Surge _ _

_ Storm surge has brought casualtles and damages to houses, roads
and other 1nfrastructures 1n coastal area. People in seashore 1n the
'followlng towns ‘have been subject to storm surge; Legazpl City, Sto.

Domingo, Bacacay and Tabaco.

) “‘:50 -



e

3.7.2 . Dlsaster Preparedness

' The activities to prevent and mltigate disasters are to be
conducted by’ various authorltles whlch organlze the Disaster
Coordlnarlng Ccunuel (DCC) in respgctrve ‘level. Natlonal and Reglonal
DCC act coverihg'Q-fields whereas DCC”of'baranggy.level covers 1
fields of activities as shan‘in Eié.—3.7;l. ‘Each aﬁthority is
assigned to respective;field. _RespéctivefDCC.is chaired bY'Geheral,- ;
Governor, Mayor and barangay captain. OCD acts as the secretariat of
DCC. '

Members of DCC are a351gned to prepare equxpments, mater1a1 and
manpower agalnst rmpendlng disaster to mltlgate damages. It 1ﬂ5
understood that the well advanced lnformatlon and ‘accurate forecésts

are extremely useful to make the activities of DCC'éffective;”

infbrmation on an'approachihg“tyPhoon iS'to:bé-Sent'té the OCD
Central'Office'in.Manila:from the PAGASA Central Office in Manila. The
same information is 6 be sent to the OCD Regional Office in Legazpi
either Froin the PAGASA Legazpi Office or the OCD Central Office.

The record of route and the forecaSted route of the'ryphoon and

:the wind velocity'are included in the information, but rainfall is not

" included,

Communication between the OCD Centfal'office And'Regional'Office

is carried out through specific SSB system and telephone of PLDTS.

- The SSB commqniéétion'lines tend to be disturbed aftér 8:00 p.m.
by wave'df-public radio broadcasting, since‘the freQuencies"are,close
each other and power: level used by ‘the SSB is 1ow. Furthér, the PLDTS

stops its serv1ce at '9:00 p. m. Accordlngly ‘the communlcatlon between

‘the OCD Central and Reglonal Offlces encounters dlfflcultles 1n the

night time frequantly in splte of their 24 hours services.
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. Warninégto varibns of fices. and public is disseminened £rom the-OCD"
basing on the 1nformat10n provlded by the PAGASA or the COMVOL through
‘ex15t1ng all avallable media jncluding public radlo broadcastlng, The
Reg:.cnal 0ff1ce of the PAGASA and the COMBOL are . also entitled to
announce warnlng to publlc with the. approval of their respectlve

3'Centra1 Offices.

The PAGASA establlshed ‘the Bicol River Ba31n Flood Forecastlng
System 1n December 1980 as shown in FIG.-3.7.2. Data obtained at
telemeterlzed obeervatlon stations located malnly in the downstream -
area from Lake Bato have been sent to the Natlonal Flood Fcrecasting o
Center in Manila._ ‘The observed are hourly rainfall and water level at
respectlve statlon.- Warning has—been dlssemlnated to the people ‘from

. the reglonal PAGASA ‘and OCD based on the acquisited data.-

Dikes have been'constincted‘aiong'tributaries.nainiy by M?WH_as a
structural measure of dlsaster mltlgatlon.' The left Bank dike'in tne
‘Pawa—Burabod Rlver functloned well at typhoon “Dallng“ and protected a
part of berangayu Bonga_and Pawa £ rom mud/debris flow. The barangay
Mabinit was, however, suffered.disaster due to shifting the courSe of
the mud/debrls flow upstream the existing conflnlng dike on the r;ght

bank at the prov1nc1al road.,

‘MPWH has plans to ‘construct the Sabo works ‘in the Pawa—Burabod,
the Na3131 and other rivers. The works are: planned in: the .emergent:
Sabo works level and there remain some p0551b111ties that mud/debris
flow of these r1ver5 ‘may cause: disasters even after the completion of

works.

_ Earth embankea road dike .and concrete ‘lined houlder dlkes have
been constructed along various rlvers ito. protect towns : and bulldlngs by
fMpWH and other_anthorlties concelned. The works are effective :and
-coneidefable‘erea has been'pfotected from 1nundatlon. The works have
'been deSJQned based on the recorded flood water level . and are |
con51dered 1n emergency works level. Accordingly there stlll remain

the pQSSlbllltleS of 1nundat10n in some=part of the pro;ect area.
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Several évacuation'centefé have been. established in éach
municipalities, The'Ministry of Educétion.and Culture is a member: of
DCC and school bulldings are to be prov1ded as evacuatlon centers.
-Bulldxngs selected as the evacuatlon centers are SLtuated in rather
high land in the area. And they are ‘conceived to be gafe against
mud/debris flow,'flood and storm surge. The evacuation centers in the

respective municipalities are as follows:

Legaz?i City : " Bonga, Mabinit and Gogon

Daraga T Malabog, Busay and Daraga

Camalig s Camalig,:Ilawod_and Bariw

Guinocbatan : Guinobatan - |

Ligao : Tuburan and Ligao

Oés : Oas

:Libon : Libon .

Polangﬁi‘ : Polangu1

Tabacq : Bantayan, Qulnastlllohan, San Ant0n1o,

Panal and Tabaco-
‘Bacacay :. Hindi and Bacacay

Sto. Domingo San Fernando and Sto. Domingo

PAGASA,; tegézpi;has installed 8SB system and has exchanged
information with its Central Office in Manila. Nation wide typhoon

information has been available in Legazpi City.

COMVOL has observed the activity of the Volcano at the Rest House
and Sta. Misericordia. Both observatories are facilitated with SSE,
and the communication network is established among both observatories

and the Head Office in Manila.
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1V FLOOD AND SEDIMENT '(MUD/DEBRIS FLOW) DAMAGE

f4 1 General . ‘ :

“'Phe flood and. mud/debrxs flow damages are classified into tanglble?
damages and 1ntangible damages in general The tangxble damages .
con31st of dlrect phy31cal damages and Aindirect damages 1nclud1ng :_'
economic lossés such ‘ag 1oss of wages, 1nterrupt10n of serv1ces and

:t:ansportatlon, 1mpa1rment of commerclal dlstrlbutlon facxlltles, etc.,
and emergercy costs such as’ flood flghting, dlsaster relief, 1ncresed
costs of nursing and medlcal a551stence to v1ct1ms, etc. The '
1ntang1ble damages consist, for example, of loss of 11fe, personal

‘injury and 51ckness.

The flrst fleld 1nventory survey on the. flood and sed1ment damages
in the prOJect area was carrled out in 1979 and the . second fleld
1nventry survey “for the Master Plan study which'is a follOW"up of the )
flrst survey was made in 1980 by u31ng topographlc maps ‘on the scale of
:1/25 000. pata. of the flood and sedlment damages ‘in the pr03ect area
were malnly collected for the follow1ng three aspects: lnfrastructure,

agro-economy, and irrigation fac;lltles-to be studied.

In addiEion'to"the‘ab0ve preuious survey,; data bf'tue'flood and
sediment damage, especially mud/debrls flow damage due to'the rédent
typhoon "Daling" are collected to re-assess and review the Master
Plan. Typhoon "Dallng“ which hit Albay Prov1nce and -crossed over the
Southern .edge of Luzon Island ‘brought a heavy ralnfall in Mayon Volcano'
' and its surroundlng area, especially in Legazpl City. Flush floods_aud
mud/debrls flow caused by the heavy rain :due to typhoon “Dallng ruahed
_down the gullies on Mt. Mayon s southern slope and caused _heavy
-calamities to the barangays located on the foot of Mayon Volcano. The

low-lying area was also inundated and the flood control Eac111tles and

brldges were damaged serlously.

Data of the flood and sedlment damages are avallable for 7 years
since 19?5 to 1981 of which the daLa of typhoon “Pepana“ in 1979 and
'mud/debrls flow damages due to typhoon “Dallng" in’ 1981 are mainly used

for this: rewstudy.
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As a result of these field inventory surveQS=and studies, primary

‘causes of flood and sediment (mud/debris flow) are considered to be as

follows.

i)

ii)

iii)

There are local sedlment of sand and debrls at 1ndlvldual

river structures such as brldges, culverts, headworks, etc.,

_1n the. Qulnall (A), the Qulnali {B) and the Yawa Rlvers. The_'

]ocal sediment decreasLs the stream flow capacltles of .

individual river sectlon agalnst flood.

.Dralnage structures such as culverts and small brldges

constructed on the trlbutarles of the major rivers have not :

enough flow capacxtles compared with drainage water flow1ng‘

Cout from rice flelds. Therefore, the f£lood flows over rlce

: f1elds and in many barangays and some mun1c1pa11t1es scattered_

.along the Qu1nall (A), the Qu1na11 (B) -and the Yawa Rivers and

;thelr t:lbutarles. And 1nundat10n due to the flood lasts for

:‘_l_day to one weekrln the_1pdlv1dual area.

Mud/debrls flow due to typhoon “Dallng" 1n 1981 on the
southern slope of Mayon Vblcano was attrlbuted to the 1968 and

1978 eruptlons wherein most of the volcanic materials had been

'repeatedly dlsgorged towards this area by_the heavy rain,
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4.2 Damaged area

4.2.1 Area ‘dde to £l60d and sedlment _
_ “According to Lhe results of fleld 1nvent0ry surveys “and’ studles in .
1979 it can be Sald that the damages are malnly caused by the '
1nundatlon due to flood The 1nundat10n area is dellneated by

: oounterchecklng the data of the fleld lnventory surveys and the results
of hydrologlcal and ‘hydraulic analy51s, espec1a11y, in view of
lnundatlon depth and 1nundatlon perlod . Ag the’ result, the 1nundat10n
area due to typhoon "Pepang" 1s approxlmately 113 km2 in the’ prOJect
area as shown in FIG. 3. 3 2. _The 1nundat10n area due to typhoon O

© "Daling" is approxlmately 166 km2 as shown in FIG. 3 3.3,  ‘This" area

is estimated based on the all 1nundatlon area 1nclud1ng the area due to
other rivers which are ‘out of the project area, i.e.. the Taki Rlver, '
the Plansa Rlver, the San Roque Rlver, the Macabal Rlver, ‘the’ Gapo
River, the Panal;Rlver and the Maowod River. The flood ‘dué’ to typhoon

"Daling" is assimed to be 5-year probable.

'tl) Qu1na11 {A) River Ba51n :

' The Jower part of the Qulnall () River basin; the v101n1ty of:
Lake Bato, is inundated annually for more than one week by backwater
‘from the lake: duriﬁg the rainy season. According to water. level record'
of Lake Bato which has been observed since 1974, the hlgh water lavel -
_rlses annually up to more than 8.30 m above mean sea level 'One "of the
main causes of the backwater is surely shortage of dralnage capa01ty of
the Bicol Rlver whlch orlglnates from Lake Bato and functions as ‘the
cutlet of the lake. The middle part of the ba51n is also 1nundated by
‘the floods'from the streams cr0551ng the ‘area due to their low flow
capa01t1es and’ breach’ of river dikes by floo&. fThe inundation-deééh' _
varies from 0.3 m to 0.5 m and the inundation period lasts for l day’ to
one week. Since a lot of munlclpalltles, barangays, road network and
infrastructure concentrates in thlS area, the damages to these'

fac111t1es are serlous.
Flood 1n the area along the upper reaches of the Qulnali {A). Rlver

and its' trlbutarles is of torrent1al nature 1nvolv1ng sand and debrls.

The causes of flood are malnly their 11mited flow capac1ties and
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“obstructions such as bridges and road culvérts constructed on the
civers. There are only local damages in this area such as erosion of
river bank and sedimentation of sand and debris in’'cice field and river

structures and on the roads,

“(2) Qu1na11 (B) Rlver 3351n ‘ _

o Flood occurs mostly in’ lower parts of the Quinall (B}, Rlver malnly
due to 11m1ted flow capaclty of the river, especxally at river
structures. The flood often flows in the mun1c1pa]1t1es barangays and
rxce flelds along the prov1nc1al road but the inundatlon perlod is not

"so long, one day at most.

{3 Yawa Rlver Ba51n TR _

' Flood occurs mostly in 1ower parts of - the Yawa River malnly due to
limlted flow cap301ty of the river, espec1ally at, river structures.
.The flood often flows in rice flelds but . the 1nundat10n perlod is not

:so long, less than one day.

(4) East and NorthﬂEast'Area of Mayon Volcano

The ‘flood is malnly of torrential nature 1nvolv1ng sand and
debrls, Whlch causes only local damages such as erosion of river bank_
-and depos1t10n of sand_andfdebr;s in rice field and river structures:

‘and on the roads.

]'4;2;2‘jArea due to Mud/pebrié Flowidn the'slope of Mayon:Vblcano

. B?3é370hgthe result 65-fisk-analysis,_ﬁhe_area éoveréd by

" mud/debris during the pésﬁ 2 years ftdﬁ.lBBO to 1982 is estimated at
'about 438 ha 1nc1ud1ng 202 ha of palay fleld and 83 ha of coconut

fleld, ‘as shown belcw,
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" (Unit: ha)

3. A _ 'i   '1"._”:" o - _ . Land: Use of - _
o Devastation Area .. Y pavastation Aréa.

.. . . Expanded = Palay Coconut =~
AR 1980 1982 Area . Fleld ''Field -Others -
Quinali (A) . 788 974~ 18 .~ 105 45 . 36
Quinali (B) 40 a2 2 - o= 2
Yawa . 271 430 159 91 - 23 45
East and e SR B : - -
North~east .~ 230 -321.. 9. . .. 6. .15 .10

Total . . 1,329 1,767 . 438 . . 202 83 153

The seriOQS‘damage to agricultural land has been Qdcurred-;

particularly in the Quinali (A) River and the Yawa River basin.
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4.3 Damage to Infrastxucture

“in this study, the damage to 1nfrastructure consists of the

' 'ﬁdamages such as ‘those to houses and bulldings, national roads,

provlnc;al:;cadc, munlcipal roads, barangay roads, rallways and river
facilities. Thése damage_data are collected by the_fleld sucvey

between July and August in 1980 and between June and July 1982,

The field'daté for the damages‘to-hcdseS'and buildings:were
collected after 1dent1fy1ng those barangays suffering from the greatest
damage in: the past and 1nundated every year. ThlS Lnformatlon was
obtained from the Mlnlstry of Public Works and nghways, the District
Engineering Office,’ the’ Clty Englneerlng Offlce, the Prov1n01a1

Development Staff the Mun1c1pality, etc.

The damaqeé to.goveknmént infrastructure were collected as the
estlmated damage costs due ‘to flcod caused by typhoon and heavy raln in
Albay Prov1nce. Theqe damage costs were obtalned from the Mlnlstry of
Public Works and nghways, the Provincial Englneerlng Office, the
Munlclpallty, the City Englneerlng Offlce, the District Englneerlng

‘Office, the Phlllpplne_ﬂatlonal RallwayS; eta,

4,3.1 Damage to Houses and Buildings
(1) Flcod:Damage and Mﬁd/nebris Flow Damage Survey
.The 1981 Flood Damage and’ Mud/Debrls Flow Damage Survey

In an effect to determlne the damages caused by typhoon “Dallng"
“in June 1981 in the project area, the Study Team conducted a field
survey. AS a-ieéqlt of the survey, the magnitude of typhoon "Daling”
.is”cssumed to be almost the same as typhoon "pepang” , and the same
1nundat10n as the. one studxed in the Master Plan 15 ‘assumed. However,
the mud/debrls flow due to typhoon "Daling® caused serlous damage,
.espec1ally,_casuathles, to the barangays at the foot of Mayon Volcano.

The 1979 Flood Damage - Surveg

o In an effect to determlne the flood damages caused by. typhoon'
'“Pepang" in September 1979 in the project area, the Study Team
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conducted a survey of 13 mun101palit1es and Legazpl Clty.' By the

survey, data were collected on damages to houses and buildlngs.‘

. During the survey, the flood damage data were obtaiued_especially
from interview with baraugay captains and staff of eaCh‘muhiCipality on
randoim sampie basis. The estabiishmeats and buildingS'damage_data were
obtained from the. Provincial Development Staff. These data,'however,
were damage cost of only four mun101palit1es such as leon, Cas,

Polangul and ngao and consisted of a few data of barangays..

The data of buildings damages for elementary schools and
governmental'buildinés were obtained from only Legazpi City and these
‘damages, however, were not caused by flood but caused by the wind and

rain of typhoon.

The Past Flood Damage Survey

In the past records of the flood damages before 1979, 1t was
confirmed that the greatest flood damage was caused in 1969-1970 and
the next serious flood damage was ‘caused in 1975 {Typhoon Sisang), by
the field:survey.in the project area. However, the data and
.lnformatlon for the past flood damage except the government

lntrastructure were not collected completely in thls survey.

Damage to Houses and Bulldlngs

Duzlng the. fleld survey in the pro;ect area, the flood 91tuatlon,
1nundat10n dep h, 1nundat10n area and damage caused by flood were :
studied . by 1nterv1ew w1th about 50 barangay captalns in the Master
- Plan study. The 1nundated barangays caused by typhoon “Pepang in 1979
amounts to more than 50 1n the p:03ect area. Espec1ally, the barangays
near_the‘QULnall (A) River of Polangui, Libon, Oas, Ligao, Gulnobatan
and Camalig, are inundaEed eﬁery year due to ovefflcw on levee and

flushing water from the destroyed dike. The damage to houses and
_bu1ld1ngs are est1mated on the bas15 of flood analys1s and data of

field 1nterv1ew.
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Daimage totHouses daused by, Mud/debris Flou in 1981

Based Onfthe:reéults'of-field iete;vieu‘survey:in the project
area, damage to houses‘caused_by mid/debris £low due to typhoon '
"Daiing"xin'l§81 is estimated_below. Details are as shown in

TABLE~4.3.1.

. = Houses - Value
| fgghdohs- (N (P10
Quinali (A) o374 180
Yawa . : 801 -:689d
Qulnall (B) o ) _ U -
East ‘and North-east 253 . 227.
Total -' 1,428 1,096

out of 1,428 houses, about 27% is totally destroyed and remaining
73% is partially damaged. These damages to houses occurred in the

southern and western part of the foot of Mayon Volcano.

4.3.2 bamage'to7GOVErnment Infrastructure
(1) Damage to Road Structures o

The -damage data of road sfructures were collected dufing the
pefidd‘of 1975 - 1981. The damage is classified into the ones to the

national, provincial, municipal, city and barangay roads.

The road structures are damaged by flood and heavy rain every
:year F1llxng and surfa01ng materials are eroded, scoured and washed
_oth The grouted rlprap is scoured and washed out. The concrete and
'asphalt pavement are cracked The related structures such as box
culvert, concrete plpe, tlmber brldge and concrete brldge are washed

out.

~ The demage'tQ:Eridgeedand_roads cen'befappfoximately meéSUred;by
the estim&ied'déﬁagé-doste, since tﬁes; damage dosée due.tbveachf
typhoon and heavy raln are submltted as the calamlty fund to the
:ﬂGovernment by the Mlnlstry of Publlc WOrks and nghways; ‘the Prov1nclal

"Englneerlng Office, the City Englneerlng Offlce and the Munlclpallties.
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During typhoon "Daling", the’ road structures in ‘the Qu1na11 (A)
River basin were damaged serlously compared w1th othel typhoone._ The
estimated damage costs-ln the past records are revalued at 1982=price
level by u51ng an average 1nfration rate of 13 percent per annum
con51der1ng the coneumer prlce indlces in- BlCOl Reglon.. These damages
are estlmated at P 4.70 mllllon, P 1.56 mllllcn, P 5. 73 mllllon, P 2,29
mllllon, P 3. 03 mllllon and P 4.00 mllllon for the floods in 1975, |
1976, 1977, 1978, 1979 -and 1981 respectlvely in the whole project :
area. Also, the revalued damages for each river basin are listed 'in

TABLE-4.3.2,

(2) Damage to Rallway Structures
Railway from Legazpl Clty to Tabaco was destroyed by the eruptlon S
in 1938 and dlsmantled afterwards.' The rallway from Daraga to Camallg
was damaged by mud/debris flow in 1969 after the eruptlon of 1968 and
many bridges were damaged heav1ly in 1975 by flood water and mud/debrls,-
flow from Mayon Volcano., The railway system in Albay Province has been
dismant led between Camalig and Legazpi City. The following damage due
to flood was caueed.by typhoph'“Pepang“ in 1979 aﬁd_this'damage was
caused at ST.8881-8882 (Oas-Ligao, the Nasisi River). The latest
damage due to typhoon'"Dallng“ in 1981 was caused by the flood and

flush water from Mayon Volcano.

The damage to railway trucks and bridges were obtained.from the
Philippine’ National Railway. 'These estimated damaée costs are revalued
at 1982 prlce level as listed in TABLE—4 3.3, which are ® 10.20
million, P 0.46 mllllon, P 0.26 million and P 1,70 million for:the
floods in 1975, 1979, 1980 and 1981. '

(35 Damage to River Fa0111t1es

in the prOJect area, flooding of- such main rivers 1nclud1ng
various trlbutarles as the Qulnall (A) River, the vawa River and the
Quinali {B) River, has caused damages to river structures by washing
out and eroding of dikes and scouring of ‘boulder: riprap.’ In.the East
and North-East Area, floodlng of 11 small streams has not caused

serious damage after the eruption of Mayon Volcano: in 1968

-6 -



The. damage costs were measured by the estimated damage costs
shbmitted“as'the'éalemitj fund to"ﬁhe Government by the Ministry of
.Publlc Works and nghways and the Clty Englneerlng Office. 'These
estlmated damage costs are revalued at 1982 price level, which are P
. 1.32 mllllon, P 0.10 million,. P 0. Zl-million, P 0. 91 m11110h, P 1. 40 _
mllllon, P 3.80 mllllon and P 8. 97 mllllon for the flood of 1975, 1976,
1977, 1978 1919 1980 and 1981 respectlvely in the whole proyect
:aree._-Also, the.revalued damage costs for each-rlver basin are 1lsted

in TABLE-4.3.4 and TABLE-4.3.5.

 (4} Damege:to waﬁe:works

. The - damage - cost of waterworks was estimated at P'l 66 million in
'-1981 (1982 price level) by ‘the Mlnxstry of Publlc Works and. nghways as
shown in TABLE-4 3.6, '

(5) Damage to Government Infrastructure

Flood damage to government infrastructure from 1975 to 1981 is
1isted_1n”TABLEf4.3.7. The estlmated damage costs are lelded into
four rive;ﬂbeeins and are estlmated including the indirect damages.
Those at 1982 price level are Pl6.22 million,-Pi.GG million, P5.94
million, P3;20 milion, P4.89 million, P4.06 million and P16.32 million
for the flood of 1975, 1976, 1977, 1978, 1979, 1980 and 1981
respectively as shown in TABLE-4.3.7.
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4.4 Damage to Irrlgatlon Pacilities: _
: Avallable data of damages to. 1rrlqat10n facmlitles caused by flood
of each typhoon and monsoon for 8 years from 1975 to 1981 were |

collected in the prOJect area. These data were prepared by the f&
‘National Irrigation Administration (NIA) based ‘on . the 1nvest19at10n
carrled out lmmedlately after the flood of each typhoon and monsoon..
The damages lnvestxgated include not only those on National Irrlgatlon
System but also those on Communat irrigation systems. TABLE-4. 4.1

. presente the Flood damage costs to the irrigation facllltles during the
pericd from 1975 to 1981

The damages 1nvest1gated in the Qu1na11 (A) River basin 1nclude,
{x) erosion of fore apron of the EXLStlng permanent headworks and
scouring of protectlen wall;'(Z) sedlmentatlon_of.sand and gravel in
front'bf.everj inteke'gatej {3) complete breach of teﬁpcrarysbrush o
dams; (4) 10cé1'e:¢sicn-at foundatien ofwthe_fiver'Structures; (51
erosion and scouring of canal embankment; (6) local sedimentation of
sand and gravel in.canai_networks; (7) sedimentation of Sand_aed debris
in rice field along the Quinali (A) River; and (8) local erosion of |

rice field along the upper reaches of the Quinali (A) River.

The damages obgerved in the Quinali (B} River basin consist ofy
{1) erosion of fore apron of existing permaheht headworks; (25 complete'
breach of temporary brush dams;.(B).local erosion and sedimentatioﬁ_of
éand ahd gravel around the river structures; {4) erosion and sceuring_
of canal embankment;.(S) local sedimentation of sand and debris in
canal networks: aﬁd_(ﬁ],local erosion of rice field along the steep

streams. -

- The damages oéeurred in the East end North—East area_df Mayonf
Volcano include; (1) breach of temporary brush dams: (2) local
sedimentation of sand in canal network and in tice-fiel&; and. (3) local

~erosion of rice field along:the'steep'streams.
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_4 5 Damage to Agrloultural Product _

; Flood damages to- crops were caused for most cases by typhoons, _

'whose damages ‘to crop were surveyed by the extension workers “of. _BAEx

';munlclpal offlces and ths reglonal offlce of Mlnlstry of Agrlculture-

| 'whenever typhoon attacked ‘the progect area. Accordlng to the .

_ 1nformat1on of extensxon workers, typhoon damages to uplan& CLOps : such
'as coconut and abaca malnly consist of damages by strong- w1nd and those

: damages caused by flood are negllglbly small.. The typhoon damages to
-palay 1n the pr03ect area are’ mostly flood damages and in some cases:

_ 1ncludxng strong wind damages resultlng 1n shatterlng of rlce grain and

'sterlllty of graln.

‘ Based on the data cbtained from the munlclpal offlce of BAEx and
. the Reglonal Offlce of Mlnlstry of Agriculture, flood damages to. palay:.:
:by typhoon “Papang" in 1979 and typhoon "Daling” 1n 1981 are: estlmated
as shown in: TABLE—4 5.1 and TABLE-4 5. 2, “and . summarlzed below.'

Production  URnit Damage |

Loss /1 : Price /1 . Value
o | (ton) (p/tom)  (P10%)
Pepang (1979) 9,610 1,200 11,530
Qulnall @ . - 9,130 1,200 10,950
Quinali (B) 480 1;200 . 580
:Yawa S « /3 - o
. East and Northeast - _ Lo o
‘paling (1981) . 8,50 1,200 7,932
Quinali (&) 6,000 1,200 7,212
'Qulnall (8) | ok . - ‘ *
Yawa : o : Sﬂﬁ_ o 1,200 720
East and. | _ . g a | _”g_ C
_North-east L LI - Sl ks

ATE Paddy grain

4g= Farmgate price at 1982
/3: No data’ '
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As for the’ flood damage of the Yawa river basin and East and

'fNorthneast area in 1979 and the Quinali (B) river ba51n and East and

‘North-e ast area in 1981, no data is avallables. Accordlng to the .
information from the Reglonal Offlce of . the Mlnistry of: Agrlculture, it

 seems that flood damage to palay in those ‘areas is negligxble.

With tegard‘toﬁthe_mu&/debris-fiow_demageg.ho;systeﬁatib :_
investigatioh ahd evaluatidn of damages on:agricultural ﬁfoduct dre-"
conducted. in the prOJect area._ Therefore, . the agrxcultural damages are
estlmated on. the basis of  the field 1nterv1ew survey and the result of
rlsk_analySLS. The mud/debrls flow damages durlng the 2 years Erom

1980 to 1981 are as shown in TABLE~4.5.3 and summaqized'belew}':

Palay | Coconut Total -
Basin. : . .Damage - .  Damage 1=Damage__
:_Area Value - .Area5 zvalue . Vaiue
(ha)  (P10%) (ha) (plo})  (p10%)
Quinali (B) 105 214 45 68 282
Quinali (B) el e - -
Yawa 91 142 23 35 177
Eést:anﬁ- - o o . ;
North-east Area . 6 . 12 15 . 237 135
Total 202 8 83 126 494

~Among these damages caused by typhoons “Dallng ,:"Andlng and
"Dlnang"; espec1ally, damages due to typhoon "Dal;ng were blggest.
Accordlng to the 1nformat10n rrom the 1nterv1ew survey wzth farmers, 1t
is. estlmated that more than 80% of. total damage value consxsts of the

damage due to typhoon "Dallng“ in 1981.
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4.6 1Indirect Damage . _ _ :
AS mentioned in Section 4. l, indirect damages conelst of economic

1osses angd- emergency coste.

In addition'tb:direct physical‘damage,“théretare-associated
bu31ness and. flnanclal losses. These'economic 1oeses accrue
'p11n01pally to commerc1a1 and 1ndustr1al development and reflect losses
1nherent 1n loet product1v1ty, loss of wages “and’ lmpalrment of '
.commerclal dlstrlbutlon fa0111t1es. -Economic losses' to transportatlon
' companlee resultlng from trafflc delays and detour m1leage are also

_1ncluded

Emergency costs include those addltlcnal expenses resultlng from a
flood’ that would not. otherw1se be 1ncurred, such as evacuatlon and

reoccupatlon, flood flghtlng, dlsaster rellef, 1ncreased cost of normal

_ operatlons durlng flood and mud/debrls flow, 1ncreased costs of pollce

“and military patrol,. and cost_for nur51ng and-medlcal assistance

rendered to victims.

Although such indirect damages as these would be estimated:at
considerable Velue, these evaluation are difficult'because no data is
available, except data for disaster relief;‘nufSing and medical
aseistance to victims. -Thetefore, the indiréct damages are assumed to
_be.ld.petéent,bf;theddamage to governmentVinfraStructure, as

conservative assUﬁptions concerning the damagee created by floodwater

' _and mud/debrls flow in the project area. ThlS percentage has been used

by the Bureau of Publlc Works and nghways in thelr damage estimates of
the past flood damage costs.; The 1nd1rect damages caused by typhoons |
“Pepang“ and "Dallng" are estlmated at P733 thousand and P2 447

'thousand, respectlvely

As for d1saster rellef nursing and medlcal a551stance rendered to_
victims after the dlsaster caused by typhoon "Dallng“ 1n the: pro;ect
_area, the costs are estimated at about P701 thousand on the basis of .

" the data obtalned from the Reglonal 0ff1ce of Natlonal Red Cross and
the Provxncaal Health Offlce, as’ shown in TABLE-4 6.1 and TABLE~4 6. 2,
ThlS estimated cost is included in the total 1nd1rect damage as .
'mentloned above. :
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4.7 Casualtles and Families Affected

: Accordlng to the data and Jnformatlon obLalned from the oo, MSSD
and fileld interview’ survey ‘in 1982, casualtles ‘and famllles affected -
due to-typhpons:ln‘Albay-Province and Legazpi City related to the

project area are estimated as belows:

. _ Casualties Families Affected
pepang (Sept.17-18/'79) - - 1 N 1o
‘Aring  (Nov.4/'80) . - 1,190
paling  (Jun.28-Jul.2/'8l) 277 2,180
' Yeyeng = (Nov.17-21/'81) - . 70
Anding  (Nov.22-27/'81) 1 7,640
Dinang . (Dec.23-27/'81) 1 2,010

As shown in the ‘above table, tyﬁhdon'“Dalihg“ causéd éerious.
damage to life of people in Albay Province and Legazp1 Clty. In the
project area, casualtles caused by typhoon "Daling"” are estlmated at
261 persons 1ncludlng 154 pexsonslfor dead and missing as shown'in
TABLE-4.7.1, Out of this total casualties, about 60% or 159 peréons
had been caused by mud/debris flow. |
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4, 8 Total Damage_

The - damages due Lo the flood and mud/debrls flow of typhoon

“Pepang“_ln 1979 and typhoon "Daling“ in 1981 are evaluated in monetary

terms at the 1982 financ1al price level using ‘the 1nflatlon rate of

consumex prlce of Bicol Reglon.

The. evaluated results are summarlzed

as below, and detalls are.as_shOWn in TABLE-4,8‘l_andiTABLE—d.B.Z.

Damage Value

: Damsgé CatégOry -Pepang Daling
| - T . _ (P]_-O _) (P].OB) ‘

1) Infrésffﬁcture‘. 4;989‘- 16,319
2} Houses.and buildings 18,674. 19,770
3) Trrigation facilities 710 2,384
4) Agricultural product - 11,530 '8, 426
5) Indirect damage 733. 2,447

" Total 36,536 49,346
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CHAPTER V






V; RE~-ASSESSMENT ' AND REVIEW ‘OF THE MASTER PLAN
5.1 General _ . :

Thlb chapter presents the re"assessment and rev1ew of the Master
Plan for the Mayon Volcano Sabo and’ Flood Control Project subm1tted by
JICA in March 1981 taklng account of the tecent dlsaster occurred 1n
the Mayon Volcano area in June,and July,_lBBl among othersa “The study_
covers the area of Mayon Volcano. and its-sufroﬁndin@'area‘the dame ‘as

the Master Plan,.

Before §tartiﬁg.Ehejre—aésessment'anﬁ réﬁiew.of.the=Master.Plan,
available data coilécted durihg the study.ih-lQSO Wéré‘reuchecked and
reviewed on the:adaitional data poliécted.ih'1982._'The-study was made
at the Master Plan level a¢cording'to-the eValuation ofrali data,
‘Especially, the Sabo plan was reviewed carefully on tbe ba51s of the’

devastatlon area by aerophoto 1nteLpretat10n.
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5.2 Hydrologlcal Analysls
5.2.1 General ! . _
After the completlon of the Master Plan in 1981, typhoon "Daling"

attacked the pro;ect area. an& caused serious damage.

. The hydrologlcal analysis in the Master Plan was made on the basis
of ‘the. meteoro~hydrologlcal data before 1980, 80 that it ¢hou1d be -
'rev1ewed addlng-data after 1980 which include the storm rainfall of ‘the
:'above typhoon. If the resﬁlts of the previous‘analysis are much'
fdlfferent from the ones rev1sed by addlng new data, the Master Plan of
sabo works and river 1mprovement works ‘have to be modified since they
were: prepared‘based.on ‘the. results of,the prev;ous analysis. To put it
concretely, the Sabo and river imprévemeﬁt plans were establishedrbased
on the: probable flood peak: runoff estimated from the probable ralnfall

through a flood analy51$.

Accordingly,_the review of the study focuses on thé flood analysis
to check the influence to Sabo and river improvement plans by the storm

_phénbmena including the said typhoon after the previous study.

 Regarding the other analysis items such as low flow, sediment,
etc., they are almost . unaffected by adding data of such short period as
2 years. Therefore the results of the previous analysis for these

items are unchanged

_5 2. 2 Review of Flood Analysis
(1) Ba51c Prlnc1p1e » _
Ba81c Prlnc1ple of flood analysis for the review of the Master

Plan 1s descr1bed as follows.

Analysis is made for the estimation of only probable flood péak

runoff from probable rainfall.

N B



The flood.hydrograph analysis is not ﬁade, sincé nd hourly:ﬁecord-=
. of both ra1nfa11 ~and . streamflow and no flood: peak runoff record ig”
avallable w1th1n the prOJect area. - The flood hydrograph analyols is

not always needed for the present Sabo and: flood control plans,.

either. Accordingly, the estlmatlon of only probable flood ‘peak runoff

baged on the probable ralnfall is satlsfactorlly acceptable.:_

In order to estimate thé:p:obablé flood peak runoff, Ratiqnai
formula is employed, which is commonly used for: that purpose. It is

expressed in the following formula:

In the above, Q is flood peak runoff in m3/sec, A is drainage
area in km2, I i¢ average rainfall intensity over the basin for a
given duratlon equal to flood concentratlon tlme in mm/hr ‘and £ is

runoff coeff1c1ent.

The review study is'ﬁade to Einally check the probable 50-yr peak
'runoff whlch is taken as design dxscharge, at several base. 901nts for
planning through the rainfall analysis.: The base points to be checked'

are selected as follows:

. the rivér'mouth of the Quinali (A) River to Lake Bato

i} A-59 :
ii) A-34 s “the ﬁasisi River at the‘conflaence.with the
Cabilogan River
iii) y-14 : ﬁhe.ri#er-mddth of the Yawa River
: tﬁé Pawa—BurabodrRiﬁe: at ﬁhé.éénfiuence wiﬁhfhe

iv) ¥y-12

Yawa River
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vy B2l

_ The-loéaticn
 FIG.-5.2.1,

‘the Anuling Rlver at the confluence wzth the Yawa

River

;_the-riﬁer mouth of Quinali.(B) River

of the above gselected base points are referred to

(2) Probable Rainfall
i)'_Probable Point Ralnfall

.'There are few rainfall stations in the pro;ect area; . 8o that each

basin average ralnfall is estimated. by using p01nt rainfall of one

'representatlve ralnfall statlon.

In the flood ahaiysis of the Master Plan, five representative

stations are

séIécted, namely: Guiﬁobatah,’Legazpi, Allang, Sto.

‘Domingo and Malinao.

' The probable 50-yr rainfalls for a duration of l-day at the

representative stations are calculated adding Ehé'rainfall data
after the 1980 to the data used in the Master Plan.

Gumbél's,

Hazen' s and Iwai®t s formula are employed for a frequency analysls.

‘The result 15 llsted below.

Probable 50-yr Rainfall at Representative Stations

© Bubject Basin

Master Plan

Review

Quinali ‘(B) ‘River basin :

(1972-79)

Station
: {Period) {Period)
Guinobatan Quinali (A) River basin. 386 mm 394 nm
S : : ' (1956~79) (1956-81)
Legazpi Yawa River basin 519 510 .
' - : ' (1956~79) (1956-81)
A;léng Talisaf.River basin 389':‘ 344
' o : o B (L975_79) (1975-81)
. 8to. Domihgo ' 'No:theast~50uﬁhea5t 350 ) 342
: _ torrénts’-baSins. (1956479) _ (1956-81)
Malinao Part of northeast-southeast :'38;' 382
torrents® basins

(1972-80)
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As shown in the abdvé table, 'the probable l-day rainfail with a
return perlod of 50~year re—calculated at four statlons except

. Guinobatan are smaller than those An the Master Plan.,

The dlfference between ‘the- Master Plan and review of the study
ranges from 11% for Allang whlch is the representatlve station for

the Talisay River to 0. 2% for Malinao. .

With respect to the depth-duration relation, the probable 50-yr
ralnfall 1nten51ty—durat10n curve: defined by Talbot s:formula. Eor
‘Legazpi station is used in the flood analysis of the Master Plan.

Talbot's formula is expressed below.

where, I: rainfall intensity (mm/hr)
t: duration (hours)

a,b: constants

The constants, a and b, are determihéd'by'the least sguare method
‘for the probable 50-yr rainfall intensities with the duration of

6-, 12—, 18- and 24?hours. The result ié as follows:

Probable 50-yr Rainfall Intensity at Legazpi

Duration ' _Mastef:Plan ' " Review
6 hr | 49.3wm 50.3 mm
12 25.8 o 26.4
18 o186 8.4
24 18.6 1722
. Equation Igy = ﬁ%a L Igy 14, ilg -

- 74 -



ii)

Above’ two. probable 50~y rainfall iﬁtensityeduration'curves of the

Master Plan and review of the study are shown in FIG.~5.2:2, As

seen in_thét figufe, comparing with the curve of the Master Plan,
the re—caldulated'prbbeﬁle 50~yr rainfall intensity'beéomes

slightlyflarger in short duration of less than 4 hours,

Probable Basin Average Ralnfall

In the Master Plan, Horton's . formula was employed to estlmate the
ba51n average Lalnfall Horton's formula shows the relatlon
between the average depth of rainfall and. the area, and it is

expressed by

.
B

Po exp (~-Kan)

where, ‘
P ’: average depth of rainfall fer a given duretion over a
certaln area (1n ) _ .
Po: '1argest ralnfall amount in the area (1n )
A : area (mllez)

K, n: constants

The constant n is determined by 1e€ting K be 0,1 constantly based
on the pfobable basin average'l-day'rainfall of the Quinali (A)

River basin including the Talisay River basin, which is estimated

by Thiessen'é'metho& using the concerned stations,-namely,

Gu1nobatan, Malama, Allang, Polangui and Lake Bato. Po is _
estlmated at an increase rate of 50 percent of the poxnt ralnfall
at a statlon selected as a representatlve one, mentloned before,

taking into account lnfluence_due to altitude.

Re-calculated probable basin average l~day rainfall with a return

'period of. 50-year ahd the constants of n and K are as follows:
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Masterx Pian

Review

Prébable.éasin Aﬁe:age 358 ﬁm ééé.mﬁ'
1-day Rainfa}i : | .:‘1 ‘
Period 1972—79 11972~81
n 0.30 0.33 -
R b.l : 0.1

P:bbable 50-yr rainfall depth-area curves of the Master Plan and

review of the study are shown in FIG.-5.2.3. As seen in that:

figure, the rewcalculated probable 50-yr basin avérage rainfall is

smaller than that of the Master Plan in the area of more than 50

km2,

(3) Probable Flood Peak Runoff at Base Point

In the calculatidn_of the'bfobable flood peak runoff through

Rational formula, dréinage area, runoff cOefficient_and flood

concentration time in the Master Plan are used, because base points

Within the proﬁect area fqr Sabo planﬁing'and river improvement

planning are unchanged.,

The calculation procedure is itemized as follows:

i) The drainage area, river length, slope and runoff coefficient

are givén at first.

ii} The flood concentration time is calculated hy Kraven's formula.

1ii) 'The probable basin average l-day rainfall is given by

converting the probable l-day point rainfall of the

represéntative station into the areal rainfall through

Horton's formula against the dfainage area of the subject

basin.

- 76 =



'iv).fThe brobéblé rainfall intehsity = duraﬁion curves of Legazpi
~are revised with the ratio of the probable basin average l-day
ralnfall obtained above to the ' probable 24 hour rainfall given
'by the original curves in order to apply to the basin

concerned.

v) The probable average rainfall intensity'during_the flood
¢onicentration time to be substituted to Rational formula is
glven by the above revised ralnfall intensity - duratlon curve

agalnst the flood concentratlon tlme.

vi) The probable flood peak runoff ig¢ calculated. by substituting
~the drainage area, runoff coefficient and the rainfall -

intensity given above to Rational formula.

- The re-calculated probable 50-yr flood peak runoff at six base
pointsnselected and the difference between the Master Plan and review

of. the study are listed below.

Probable 50-yr Flood Peak Runoff

Name of brainage ‘Master Review Difference

River : Area = Plan
Quinali () 524.2 km?2 4,070 m3/sec 4,170 m3/sec 2.4%
(a-59) SR
Nasisi - = 84.2 1,607 1,656 . 2.5
(A-34) | - ' '
Yawa 74.4 2,083 2,142 | 2.7
_(X-.-l4): . :
Pawa-Burabod 7.6 299 296 ' 1.0
(YﬁlZ) o :
" anuling 9.4 377 | 373 1.1
(¥-1) » o |
Quinali (B) 157.8 2,369 o 2,383 - . 0.6
(B~21) -
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As shown 1n the above table, the dxiferences are negllglbly small,
more detailed data are referred to TABLE»S 2. 1 S

ACgordingly, the probable 50-yr flood peak rﬁnoff-in the Master

Plan summarized in TABLE-5.2.,2 remains unchanged,

5,2.3 Cohsideratidn 6n ijhoon "Daling"

‘On June 30 1981 typhoon "Daling" hit the project area and
crossed over the’ Southern edge of Luzon 1sland, cau31ng heavy ralnfall
in Mayon Volcano area. ‘It caused serious damage due to mud/debrls flow
in the skirts of Mayon Volcano and due to floodlng in the plaln area.

The track of typhoon "Daling" is shown in FI1G.-5,2,4.

The hourly ralnfall distribution at typhoon "Daling",. whlch is
shown in FIG.~5.2. 5, was recorded at two rainfall gaging statlons of
ngao and Legazpi. As shown in FIG.~5.2.5, l-day rainfall and maxlmum
l-hour rainfall observed are 398 mm and 157 mm at Ligao, 220 mm and 62

mm at Legazpi respectlvely.
Rainfall intensities of typhoon'“Daling" with a duration of 6-,

~12~, 18- and 24~hour at Ligao and Legazpi are as follows,'compéred with

‘the probable rainfall intensities at Legazpi in the Master Plan:
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. Comparison of Probable Rainfall IntenSity

ﬁeturn = uﬁfhbur : | “12=hour 18¥hdu;. ' 24-hour
‘Period . _’. , o . _ -
2year  2L2mm/hr 13.9 mw/hr 10,4 mw/hr 8.6 mm/hr
5 30.2 . 17.8 13.1 11.8
16, o 36.2 20.3 ° 14.8 13.9
20 | 42,0 "22.8 16.4 16.0
50 - 49,3 25,8 o 18.6 18.6

10 0 55.0 - 28.3 2002 20.5

in the Master Plan (Legazpi)

 Rainfall intensity . | . | '
_at Legazpi 20,0 16.1 11.4 8.6

“{fyphoon "Daling")':

Rainfall Intensity. o
“at Ligao_‘ 61,3 32.6 22.1 _ 16.6

- (Typhoon "Daling")

As shown in the above table,.the rainfall at Legazpi due Eo‘
typhoon “Dalihg“ is-estimated;at'about 5-year return period. On the
other hand, the rainféllfat Ligao corresponds to more than 100-year
: probable.rainfall.at_Legézpi, althoﬁgh the probable rainfall'intensity_

at'Ligao can not be estimated because of inadequate record length,

It might be considered that there was an extraordinary inteénsive

storm rainfall in a short duration at Ligao.
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5.3 Sabo Plan
5,3.1 General.L _ L Lo e _
During typhoon "Daling” in 1981, the mud/debrisfflows_6ccurréd and
caused great_disasters.on3£he southeastern to SOchwestefn slope of
Mayon Volcano. Aerbphoﬁos-cdverihg ﬁhe projpct'area weré'taken two (2)
_tlmes before and after the typhoon 1n 1980 and 1982 respectlvely. The
rough amount of sedlment runoff and the condltlons of devastatlon in
respectlve rivers are studled by the aerophoto Lnterpretatlon,- These
data and 1nformat10ns obtained are very. 1mportant because there was no
datum for sediment runoff and yield in the area to date. Thexefore,-
‘the Master ‘Plan is fe-asseésed and ‘reviewed depending on these data,
ground survey andffindings. “The outline of: the Sabo: plan for the.
selected rivers is mentioned as follows and the details are described

for the re=study of the Sabo project in chapter VII.

5 3 2 Subject Rlvers

The subject rivers 'in this study are. the streams of the. Qu1na11
{A) Rlver and the_Yawa Rlver, whlch were selected in Lhe Master Plan,
Namely, they are the Quirangay, the Tumpa, the Maninila, the Masarawag}'
the Ogsong and the Nasisi Rivers in the_Quinaii {B) River basin, and
the Anuling 1, the Anﬁling 2, the Budiao and the pawa-Burabod Rivers in

the Yawa River basin.

5.3. 3 The PrlﬂClple of: Sabo. Plan
{1) Qulnall {A) Rlver Basin
The Principle of Sabo plan of respectlve rivers in the Quinali ‘(A)

River basin is mentloned below.

i) Quirangay Rivér .

The principle of Sabc plan for the Qﬁiréngay River is not
changed from the Master Plan, but the arraﬁgemént_oﬁ'Sabé
facilities-ié modified, ‘Sand and earth: dike on the 1eft_bank
&pstream‘PNR WaSupartially.dest;oyéd;by'the-river bed séoUring

_ due. to the typhoon. The dévastatién of the drainage area is

proceediﬁg. Along thé downstream”reaches, there'is'ﬁensely
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popnlated town of Camalig, which is the most: important object

to bhe pLotected from sediment dlsaster for Sabo plan.

‘ Therefore, the directlon of mud/debrls flow is controllea not

to hit Camallg by arrdnging Sabo fac111t1es. In the middle

"reaches, sand retardlng basin wlth spur dlkes and tralnlng

- . levee is constructed to control the direction of mud/debris

iy

iii)

iv)

o)

flows, and to arrest the sediment.,

'Tumpa Rlver

" No. change 1s found out in the river condltlons before and

after the typhoon and the condi tions of whole dtalnage area

 are also-gentle. Therefore, the Master Plan is not changed.

Maninila River . .

‘As the river conditions in the Maninila'river did not change

either, .it is not necessary to change the Master Plan.

Masarawag River
Sand and earth dike on left bank of eastern course ups tream

the Provincial Road was completely washed away due to the

*“typhoon. Devdstation'of the river is remarkable., In the

upStream_reaChes large amount of unstable sediment eéexists, and

"it has possibility to turn to mud/debris flows. A Sabo dam is

planned to be constructed to reduce sediment yield from the

bed and banks. For'the bifurcated two river courSes at the

._mlddle reaches, a few spur dikes are arranged for the eastern

-trlbutary Whlbh is the main course.

Ogsong Rlver (Nabonton Creek)

This river has a large retard‘ng basxn upstream the Provingial

‘Road, The front of sediment flow reached the Prov1n0131 Road
. during'the typhoon, but the condltlons of downstream river did
ot change much; therefore, Sabo plan of this river follows

- the Master Plan.f
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vi)

NaSlSl River

“The overflow culvert type bridge oﬂ quao—Tabaco Natlonal

Highway and Nasisi’ Brldge Were destroyed by the £1ood durlng
the typhoon° However, as the amount of sedlment runoff -does
not'éeem to have been much, the seve;e_scoqung downstream

these bridges seems to have broken them,  On the other hand,
large amount. of unstable sediment has.beén.deposited'in | '

upstream river bed; therefore, a few consolidation dams and so

‘on- are planned to be constructed supplementing the Master Plan.

(2)  Yawa River Basin

 The devastation of respective rivers of the Yawa River basin was

very notable and the mud/debris flows due to the typh001 “Dallng“

caused great dlsaster especially loss of llves.

i)

ii)

iii)

Anuling 1 River _ _ _

The mud/debris flow hit the Salvacion and caused loss of lives
of thirteen (13). ThP front of mud/debrls flow reached to the
main course of the Yawa Rlver. As there is plenty of unstable
sediment to be stab111zed in the upstream river. bed, ‘one Sabo
dam and sevgral consolidation dams are arranged. In’ the
downstream reaches near Salvaci?n,"sand reEafding’baSin is

planned with spur dikes and grQuhd sillsratound the confluence

"with'the Anhling 2 River. .The sand retarding basin aims at

CEecking the sediment runoff and to contrél the direction of

mud/debris flows.

Anuling.Z River
One Sabo dam and a few ground sills are added to the Master
Plan. . o

Budiao River
There was nd'damage during the tthoon except paddy fields

along the river, but amount of sediment runoff was as much as

‘that of the other rivers in the Yawa River basin. The source
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iv)

of sediment_seeﬁs to be in the upstream reaches; therefore a

few consolidation dams are arranged. In the middle and

downstream reaches, no change from the Master Plan is made.

'Pé&ausdrabod River

The‘mud/debris flows dué'to'the'typhOOn caused loss of lives
of ‘eighteen (18) mostly in Mabinit. This river is the most

devastated one among the rivers. originating in Mayon Volcano.

The principle of Sabo plan for this.rive;-is the sémesas_the

'Mastgr Plan, but ccnsidering the change in the river

cbnditions; additional.arrahgement of Sabo facilities ié made.

As a new river course was formed in the middle_and downstream
reéches:due_to:the mud/debris flow during the typhoon, it is
neceésary to include the study on the new course in the Sabo

plan.
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5.4 River_Impr0vemeht‘Plen
5.4.1 Quinali (A) River
(1) General '
No ba51c changes from the Master Plan are made for. Lhe r1ve1

1mprovement plan throughout this study.

As stated in Subsection 3.3.1, divides of Sabo work section and

" flood control work section are plotted off as follows.

For the Nasisi River

i) ‘The bridge site of ngao-Tabaco National nghway '

For the eastern tributaries upto the Ogsong River .

i1) . Bridges of Maharlika National Highway

(2). River Wldth and- Dlscharge Capac1ty of The Present River Channel
'U51ng the profiles and cross sections of the present rivex
channel, river width and discharge caDac1ty are ‘calculated as shown in
FIG.-5. 4.1 to FIG. -5.4.3. For the calculatlon of dlsoharge capacity,
Manning's Formula is used assuming unlform flow and the roughness

coefflclent belng 0 035 throughout this etudy._

(3) Desxgn Dlscharge

The deSLgn dlscharge 13 selected to he 50 -year probable flood
considering lmportance of the reglon, de51gn discharge of other rivers
in the Philippines and the Japanese Standard of river planning. o
(herelnafter called the Standard). From the results of hydrological
analyses, design dlscharge dlstrlbutlon dlagram is established as shown
in FIG.-5.4.4.

(4) Rlver Reaches for Improvement

Comparlng FIG.-5.4.1 to FIG.~5.4.3 with FIG.~5.4. 4, it can be sald“
that the presant river course has not suff1c1ent dlscharge caoaclty and:-
lt results in flood 1nundatlon. Thus, damage is, caused to human 11ves,
crops, houses, rallways, hlghwaye, rxver_structures and 1rrlget19n‘

fécilitiés, especiaily in thezeffeoted_area iﬁcludihg-six:(6)'important.
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. hdniéipalities of Camelig, Ghinobatan, Ligao, Oas,.P01dngui and Libon.
.Consequehtly, it is neceSsary'to_establieh a flood control plan to
‘avoid this damage.by improving the river channel. The: river reaches
for improvement are.selected as_follcwe considering the discharge

capacity of the present river and importance of the: affected area..
i} Main course - Lake Bato to Sta. 274500 (reaches of 27.5 km)

Sl Tallsay River - Junction with the ‘main course ko Sta, 13+700

(reaches of 13.7 km)

e

it} Nasisi River — Junction with the main course to the bridge
site of Ligao-Tabaco National Highway

(reaches of 7.6 km)

Buf;.as'the'do@nstream area from the junction of the main course
'and-the'TaliSay River has been affected by backwater from TLake Bato as
far as the iake:fhnctlons-as a'fetardlng_basin, the downstream-most
reaches of 2 km near the Lake should be improved after completion of
Lake Bato regulat1on works ‘such as Lake Bato ~ Pantao Bay Dlver510n,'

the Levee Around Lake Bato ete.
(The said reaches are indicated by dotted lines in FIG.-5.4.7.)

(5) Riﬁer'Improvement:Plan
i) Route Selectlon _
- In fact along the. maln course, thece are densely populated
munlcloalltles espe01ally Oas and many other propertles that can hardly
be removed due to necessary river 1mprovement Ba51cally the route

_ should be selected along the present river course; considering

i topography, land use and dlfflCultleS of land acqulsltlon, ‘but for such

'an 1mportant mun101na11ty of Oas, a dlversaon of Oas and a dlver51on to

Ethe Tallsay Rlver (a. flood way) are con51dered.- Two (2) alternatives

._ae shown 1n FIG.;S 4 5 and explalned below, are. establlshed and

compared Alternatlve I is the Oas Dlver51on Scheme, the route of
which: ls selected along the present rlver course except Oas. And

alternatlve II is the Bongoran DlverSLOn Scheme constructlng a newly
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excavated flood way from Bongoran to the Tallsay River, And

Alternative I is selected as a recommendable scheme, comparlng the

construction cost (A]ternatlve IT. is about 30% more costly than

Alternative I), env1ronmental problems and malntenance after

improvement.

{a)

(b) .

Alternative I (Oas Dlver51on Scheme, Selected: Scheme)
As shown in FIG, 5 4.5, lt is basgically a plan to 1mprove the _
maln course along the present river course exceot tpe river courqe

near the 01ty of Oas. Existing levees are entlrely replaced by

.newly constructed ones. The Oas dlverblon_scheme 1s-consldered

due to dlEElcultles of land acqursltlon. The four (4) presént
fixed weir type danms (South Qu1na11, Busac~Alomon, San Aguetrn to
he repalred and_Agozﬂsta._Cruz} for 1rrlgatlon are integrated to

proposed Agus Sta Cruz-South Quinali Dam, which 'is of a movable

weir type.  Generally séeeking; any welr type'structures across

the main course of rivers shall be of a movable type. And
Cabllogan Dam. is also a movable weir type and. proposed for
integration of lrrlgatlon systems together with . proposed Agos Sta.

Cruz-South Qu1na11 Dam., The cross sectlon 1s de31gned as a

-compound section except the Na8151 Rlver, whlch is designed as a

sxmple trape201dal Sectlon._ Total conetructlon cost for
A]ternatlve I Scheme is estlmated at about P?BO million excluding

price escalatlon.

Alternatlve II {Bongoran D1ve151on Scheme)

As shown in FIG.-5.4.5, it is a plan to. dlvert all of the flood
water f rom Bongoran dlrectly to the Tallsay River w1th a concreteée
made fixed weir of 220 m in width 2.5 m in height and 3 m in top
length with horizontal aproh type stilling basin of 20 m'in.length
and 220 m in_width'and a diversion chaneel'newly excavated of_l?O

m in width and 4.4 km in length. The bed slope is selected to be

1/800 in conformlty w1th .the, one of the Tallsay River. (It

becomes about 1/320 if the channel connects the main course and

the Talisay River straight regardless of proper transrtlon )
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“The. rlver reaches of - lO 5 km in length between Bongoxan to the
Junctlon w1th the Polangui Rlver through Oas is left as ‘it 1q
1ncludlng existlng levees, South Qulnall Dam and:. EEA Splllway Jjust
upstxeam. And it functlons as a low water channel To avo;d
flood inundat1on from the existing channel durlng f]ood a gatp at-
the upstream end of the exlstlng channel is lnstalled.
_(Helghtenlng of the levees of 10 5 km reaches w1thout a gate to
'aV01d ;nundatlon results in belng more costly‘than the _
installation of_é gate;}'-ThE‘érOSS-sectibn is deSigned.és a
cdmﬁoundlseCtion éxcept_the_Nésisi.Rlver, which is designed as a
'_Slmple ﬁfape#@idél‘sectidn; To obtain”design'discharge,sspecific
:dischétgé'bf_the'Quinali (A) River basin is used. And the design
dischéfgé.diéﬁtiﬁdtion diagram is shown in FIG.-5.4.6. Total"
conSt:ﬁCtiQn:dostffor'Alternafive'tl Scheme is estimatéd at about

P 1,013 million excluding price escalation. f

ii) Allgnment of Rlver Channel
The al1gnment of rlver channel is deszgned with the follow1ng

con51derat1ons.

{a) -Theiéligﬁment should follow the course 6f.ihe present river
:chénnel to the extent possible. '

{b) The radius of curves of river channel should be as large as

. poSsible.' . -

(c) .Ex1st1ng levees are entirely replaced by the newly
| constructed ones, '

(@) ‘The alignment should not be selected to involve such ekistiﬁg
-1mportant 1nfrastructures as rallways, hlghways etc. in the
river channel '

(e} The allgnment should not be selected to involive the land

occupled by houses, etc. as much ‘as p0331ble.

Flnal allgnment of levees.of proposed scheme is: shown in FIG ~5.4,7 and

FIG 5 4, 8,
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iii) Rlver proflle

_ Rlver proflle should pr1n01pa11y be desxgned to meet the present
rlver bed slope as much as p0381b1e to keep the equ:llbrlum rlver bed .
slope and mlnlmlze the constructlon cost Thus, ‘the river bed elope 152 
-de51gned ranging £rom 1/1,550 to 1/550 for the main course, £rom .
: 1/1,000 to 1/800 for the Talisay River and from l/400_to-1/130 for the
Nasisi River as shown in FIG.-5.4.9 to  FIG.-5.4.11, :

iv) River Cress Section_. : D
: As the design dischatge'is ovet'300,ﬁ3ksec,_the river cross
section is designed as a compound section except the Wasisi River,
which is designed as a simple trapezoidal section'due to the limitation
by the formation height of the PNR (For a destgn‘e:iterion,_l.o m of
clearance is téken’in acCOrdance with a:plan underway,of ‘a permanent
bridge by PNR.), and Wthh is also a. transition from Sabo work
section. Con51derlng the river bed depth measured from the ground
level of 1n1and Eormatlon height of side sections is de51gned to be :
_ 2.5 m higher than the main sectlon except the Tallsay River upstream
" Sta. 8+000. The width of the main section is so de51aned that the side -
sections are used for passage of flood water 1 to 3 times.a year. As
there is not much densely populated area except DOas, land aquisition is
not very difficult, therefbre, river width is seleeted to be wider than:

other rivers within the range speqified in the Standard,

‘The dimensions of cross section are determined by Manning'e_
Formula assuming:uniform tlow. The levees are basieally'designed in
conformi ty with:therstaﬁdard The freebeard is get at 1, 2'te 1.0 m and
the top w1dth is 5mtod4m dependlng on the design dlscharge. The |
‘slope of 1evee is selected to be 1: 2.‘ The berm of 1nland sxde of 3m
1n width is constructed at every 3 m: helght in case total helght of . the
levee lS over 4 me and the one of rlver51de of the same width is
constructed at every 4 m helght in case total helght of the levee is
over 6 m. The max1mum height of 1evee w111 be about 6.5 m near Lake
Bato and about 5.3 m at the Junctlon with the Tallsay Rlver._ The river
width will. be about 450 m at Lake Bato, - and 360.m at the junctlon w1th
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the T#lisay.RiGer.f The‘formation height of levee at Lake Bat?7ié BL.
12 m, which ieaveé‘liz'm of freeboafduoﬁ;désién watef 1evelfof:thé'ﬂake
'of'EL' 10. BO-m. The design water level corresponds to the water level
.of Lake Bato durlng 50~ year probable flood. It is neCeasary to
 construct sluloeways for dralnage. ‘The-typloai:oross éections'aré

:ghown in FIG ~5,4. 12.

v) Major River Structures-'
Relatlng to the above mentloned river merovement ‘the necessaxy

river structures are '1isted as follows"

ta) 'ﬁeﬁees:wifh'sod facing
. (b) Foot protectlon and wet. masonry for 1evees_

“(e) Slulceways for. river dralnage'
-Only’gfaViEy drainage is considéréd And box culvert type
slu:ceways will be oonstructed as follows, calculated by an emplslcal

101mula dependlng on . topographlc conditlons and- dralnage_areae.

The main COurSé

=2
E
N
3 .
s
kN

Junction with the Sugtad:Creek at Matacon. 2

nos.
 Junction to Oas diversion . S 2mx 2m x 5 nos,
- Junction with Oas diversion o S 2mMX 2mx 5 nos.

The Talisay River

thction;With!thé iight-tﬁibotary N 2mx 2m x 3 nos.
" from EFA Spillway ' s '

. Junction with the Libon River — 2mx2mx2 nos.,
Juriction with the right creek . _ 2 mix_z m x 2°nos.

 Just upstream the ]unct10n
.w1th the main course :

The Ogsong Rlver

_ Junctlon w1th the NdSlSl Rlver B 2mx 2mzx 5 nos, -
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5.4.2 Quinali (B):River '
(1) General- |

_ As stated in subSﬂctlon 3. 3 1, the d1vmde ‘of Sabo woxk sectlon and
'flood vontrol work section ig plotted off at the contlactlon nt .

Bantayan...

{2} Rlver Width and Dlscharge Capaoxty of The Present Rlvor Lhannel
Ublng the proflles and cross .gections of the present rlvnr

channel, river width and dlacharge capa01ty are calculated as’ shown in

FIG.-5.4.13. o |

(3) 0951gn Dlscharge _ : R

“The de51gn dlscharge is selected to be 50-year prooable Elood,_
con31de11ng 1mportance of - the reglon, de51gn discharge of: otner rlvers
in ‘the Phlllpplnes and ‘the Standard From the results of nydrologlcal
Ianalyses, design dlscharge dlstrlbutlon dlagram is establlshed as showa
._1n FIG.-5.4.14. The de51gn dlgcharge for the San Vlcente Rlvar is

estimated at 270 m3/sec

(4) _River.ReaChes for Improvemént o L

qum'FIG.—S.é.lB and FIG,-5.4.14, it can be said that the present
river course has not'sufficient diséharge capacity,'ahd it'results in
Flood inundation. Thus, damage is caused on a smaller scale than the
Qu1na11 (A} Rlver 'to .human llves, crops, houses, hlghways, river
structures and irrigation facilities,’ espeolally in the affected area
1nclud1ng two (2) important municipalities of Tabaco and Mallnao
Consequently, it is necessary to establlsh a flood contr01 plan to.
avoid this damage’ by 1mprovxng the river channel The river reaches
for 1mprovement are selected as fol]ows c0n51der1ng the dlscharge'

capacity of the present river and- importance of the affected area. .
i); The main: ‘course = Rlver mouth ele] Ogob 2 km downstream thel

contractlon at Bantayan
(reaches of 11.3 km)
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ii) "The san Prancxsco Rlver - Junctlon thh the main course to
ngao-Tabaco National nghway blege at

-:San Antonio (reache of 6.5 km)

iii) The San vicente River* - The river mouth to Ligao-Tabaco National
' Highway_bridge at San Vicente (reaches
of 4.0 km)

% Qhis river is out of the scope of the Master Plan.

(5) River'Improvemeht Plan
1) :Allgnment of river c¢hannel
' The . allgnment of river channel is designed with the follow1ng

conslderatlons:-r

&) .The allgnment should follow the present course-of the river
: - charinel to the extent p0531b]e. :
(b) The radlus of curves of river channel ohould be as large as
possible. L ' _
{c) ‘Existing levees are entirely replaced by the newly
constructed ones.
{ay The alignment should not be: selected to involve the land

occupled by houses, etc, as much as p0551ble.

Flnal allgnment of 1evees of oroposed scheme is shown in FIG.-5. 4 15,
_The ones for the’ San Francisco Rlver and the San Vlcente River are also
ehown_by dotted llnes {because of no river survey data) in the’ same’

figure.-

‘-ii). Rlver proflle _ _

Rlver proflle should pr1n01pally be de51gned to maintain the.
'present rlver bed slope as'much as possxble to keep the equ111br1um
rlver bed elope and to mlnlmlze the constructlon cost. Thus, the river
bed slope is de51gned ranging from 1/1, 200 to 1/80 as shown in: .
FIG ~5.4. 1s6. The average rlver bed slope of 1/190 and 1/100 far the
San FranClSCO Rlver and the San Vicente Rlver 1s used respectlvely for

calculatlon.
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iii) RlVEL aross sectlon . _

Ae the. de51gn dlscharge is over 300 m3/sec, the river oross
sectlon along ‘the main course 15 de81gned as a compound sectlon._ and
the - ones for the San Pran01sco Rlver and the San Vlncente River a:e.‘:
designed as 51mple Lrape501&al sectlons. Con51der1ng the river bed
depth measured from the gLound level of inland, Formatlon h6lght of -
side sections are GESLQHEG to . be 2 5m hlghnr than the main seetlon.
The width of the maln section is so desxgned that the s;de sectlons-are;
used for-passage of flood water 1 to 3 times a yeer._ As tbere.is not .
much densely populated area, land acquiéiﬁioﬁ-is not very difficult;
therefore, river width is selected within the range specified in the.

Standrd.

The dimensions of cross section are determlned by Mannlng 8 _
Formula assumlng uniform LIOW. The levees are delcally de51gned in _?
'_conformity'wiiﬁ'the'Sﬁandard. The f:eeboard 1s set at_l.2 m to 1.0 m
and the top width is 5 m to ‘4 m' depending on the design:aischarge. The
slope of levee is selected to bef1:2. The.berm of inlandsside of I m
in width is constructed at evary 3 m:height in case total height of the
levee is over 4 m. The maximum height of levee becomes about 4.0 m
near the river mouth. fThe river width becomes about 270 m there. As
the high water level of EL, S.l.m at the iiver_mouth_is higher than the
highest tide of 1.3 m recorded during the period between Jan. '7% and
" Apr. 80, no special ‘consideration is_given to tidal effect.: The |

tfpical cross sections are shown in FIG.-5.4.17.
(6} Major river: structures
Relatlng to the above mentloned river. 1mprovement the necessary

river structures are llsted ‘as followsﬂ

(i) - Levees with sod facing

(ii) Foot protection and wet masonry for levees
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5.4.3 Yawa River .
L) General _
o Ab stated 1n subaectlon 3.3:1 the ‘divide of Sabo work section and

: flood control work sectlon is- plotted off at Banag Rallway Bridge.

(2) Rivepfwidth and Di$Charge Capacity of the Present River Channel
Using the profiles’ and cross sections OE'the present river
chanﬁelq river width aﬁd-diSCEarge bapaqity are calculated as shown in

FIG.-5:4.18.

.(3) De51gn Dlscharge-

| ' The de31gn dJscharge is selected to be 50-year probdble flood,
'con31der1ng 1mportance of the reglon design dtscnarge of otner rivers
' '1n the Phlllpplnes and the Standard From the results of hydrologlual
.analyses,.de51gn discharge dlstrlbutlon dlagram is establlshed as shown

in PIG.-5.4.19.

(4) River Reaches for Improvement

From FIG.- 5 4 18 and FIG.-5. 4 19, it can be qald that the _
diséharge capaclty of the present river course 1s_re1at1ve1y large and-
aﬁounts.to ébouﬁ half of the'design discharge; And also ﬁhe flood
inundation area is felativély gsmaller tban.6£her rivers. Due to flébd
_1nundatlon damage on a smaller scale than the other rivers is caused
to crops, houses, highways, and river structures espe01ally in the
affected area_;ncludlng a very important city of Legazpi.
Consequently, it is necessary to establish a flood control plan to
avoid this damage by improving the river channel. fThe river reaches
for improveméﬁtiare selected aé-folLQWS considering the dischargé

‘capacity of the present river and_impdrtance of the affected area.
River mouth-downstream the junction with the Pawa-Burabod River,

{5) Rlver Improvement Plan

_ i) Allgnment of river channel

The. allgnment of rlver channel lS de51gned with the following

con51derat10ns.
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(a) The allgnment should follow the present course- of the rlver
channel to the extent pOSSLble. '

(b} The radius of curves of river. channel should he as lalge as
-possxble.-

{a) Lx1%t1ng levees are entlrely replaced by the. new]y
constructed onesg.

(@) The alignment shoul& not be selecteé.to involve such ‘existing
important infrastructures as highways, etc.-as much as' .
possible. '

{e) The alighment should not .be selecfed to involve the_iand R

occupied by houses, etc. as much as possible.
Final alignment of levees of proposed scheme is sthn in FIG.-5.4.20.

ii) River profile _
.. The river bed is left as it is as shown in FIG,-5.4.21,
-maintaining the pfesent river bed slope to keep the equilibrium river

bed slope and to minimize the construction cost.

iii) River cross section

As the design discharge is over 300’m3/eee,3the river cross
section is deéigned“es a combound section. And the présenh river
‘channel is used as main section and side:sections'a:e'férmed by
construcLlng new levees. As Ehe'surrounding'area is the denself
populated area of Legazpl, land acqu151tlon is more difficult than the
other rivers; thecrefore, river width is selected as narrow as 90551ple

within the range specified in the Standatd,

The height of levees is determined by:Mennihg's Formala assuming
uniform f£flow. They ere basicaily designed in donformity'with the .
. Standard. The freeboard is set at 1.2 m and éhe top width is 5 m. The
slope of levee is selected to be 1l: 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 river, 51de of the same w1dth 1a}

constLucLed at every 4 m helght in case total helght of the levee is



.dveris'm..-The maximun heighit of levee will be about 6.6 m near the
rive; mouth{‘ And the river width is about 190 m. As the high water
- iével'of-EL,‘7;L m is higher than the highest tide of 1.3 m recorded
dﬁring the period between Jéh} ;79 and Apr. '80, no speéial_ _.
consideration is given to tidal effect. The typical cross section is
shown in FIG.-5.4.22. .

iv) Major river structures
-Re}ating to the above mentioned river improvemeént, the necegsary

river sktructures are listed as follows:

" (a) Levees with sod facing

(b)  Foot protection and wet masonry for levees
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5.5 Agricultural Deveioﬁment_Scheme
5.5.1. Agricultﬁral-bevelopnent Plan
{1) Basic Strategy :
 In due consideration of the national bolicy,'the'basic etrategies

for agricultural'develoﬁment are formulated below:

- expansion of irrigated cropping area,
- integration of the existing 1rr1gatlon systems, and

- increase of agrlcultural 1nputs such as fertilizer.

In connection Qith;the.Sahb‘and river improvement works,  the land
use'intensification of the flooded agricultural land in the'project
area is promoted through the implementation of the agrlcultural

development plan.

(2) Delineation of-DeﬁelOPmént Afea and Future Land Use

Out of the present rlce fleld of 10, 500 ha in the Qulnall (A)
Rlver ba51n, the lower part of rlce fleld near Lake Bato suffers from
inundation annually for more than one week and its water level rises
hlgher than EL. 8.3 m in the rainy season. Cons;derlng that the helght
of rice in the ripening stage ;s 0.8 m on an averade,'l,OOG:ha with an
Nelevaﬁibn-below EL. 7.5 m is exciUded'fme the deﬁelopment area under
the project. Furthermore, 3,150 ha in ‘the Nésisi—Hibiga.schemes'is_
also excluded because of these schemes have already been taken up under
the NISIP Program of NIA w1th flnan01a1 3551stance from the World.
‘Bank. Thus, the irrigation development.area in the Qulnall_(A) R;ver
basin totals 6,350 ha in net, eomprising.Agos Sta. Cruz—South‘Quihali
scheme (4,350 ha), Cabilogan scheme (1,400 ha) and Quinali . scheme {600 -
ha}. .

As for the Quinali (B)-River'basin, the irrigation development
area is delineated to be 2,400 ha in net, taking info account the
‘availability of water source for irrigation.

After the implementation ef the irrigation project, land use

pattérn in the irrigation development area will_éhange as folloﬁs.
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“Guinall T Quinali (D)

Present. ~  With “Present - With
Condition Project Condition - Project;
“{ha) _(ha) (ha) . _tha) '
‘:Irrlgated Rice Field . 3,120 6,350 . . 1, 370 2,400
“Rainfed Kice Field . . 3,050 - - g0, -
Coconut Field ~ 180 o = o 10230 o=
Total 6,350 - 6,350 . 2,400 2,400

(3) fProposed Cropplng Pattern and Farmlng Practlces,

: QfThe proposed cropplng pattern 15 the 1rr1gated double cropping of
| rlce as 1llustrated in FIG,“J,S i, w hlch is establlshed by modlfylng
'_the present cropplng pattern predomlnant in: the PrOJect area. 'The‘
zproposed cropplng pattern is techn1cally sound from the view 901nt of

the farm labour requlrement.

The farm 1nput and farmlng practlces of rlce cultlvatlon in the

o present cond:tlon have no weak p01nts except for the amount of the

n1trogen applled ' The present appllcatlon of about 70 kg N/ha is not

sufflclent con51der1ng the yleld obtalned through the: “fertilizer fleld

:u.trlals which are conducted by’ FAO/UNDP.: Tt can be 1ncreased to 100 kg
'N/ha for the dry seasonh and 80 kg N/ha for the wet season under

flood—free cond1t10n.'

(4) Antr01pated Yield and Productlon
. Based ‘on the exzstlng palay yleld and the - results of varletal and
:fertlllzer response tests 1n the: BlCOl Rice and Corn Experlﬂent Station
.as shown 1n TABLE-5. 5. 1, palay ylelds under future w1thout and w1th

1rrlgat10n project are. estlmated as below.



(Un1t~ Eon/aei

ST . ~Reinfed.
Irrigated Field = .;_ﬁtlpld
Ret = Dry - Vet
~ Existfng Coﬁditioh o
' Eloéaeéfnrea - 3.0 00 3.2 LT
Flooaef;ee area . 3.2 3.5 '-‘.1 -
- Resulks of Expefimentl/ o e 6.6/~ 7.9 o  :_r'
- Future'Withoﬁt Project- - o . 3,5 ¢ ::'3=8 }-‘_'_ 2.5
- Future With Project . = LA 5.0 ;;; S o

The:pelay produetion wiliTiﬁéreaSe by'23 760:ﬁohs Erom the. preeent :
'productlon level of 34 300 tons in the Qu1na11 (A) RlveL basin and bv
104 200 tons from the pnesent level of 12 600 tonq in the Qu1nall (B) .
'Rlver baSLn. ThlS 1ncrement is: attrlbutable to- the proposed 1rrlgat10n
"development echeme when commenced after 1molementatlon of the oroposed

flood control plan.

5.5.2 Irrigation Development Plan
(1) General _ _

The faeilities required for the‘irrigatioﬁ and'drainage
develdpment'in the project area include headworks, irrigetion canals
and their relevant structures, drainage facilities'aﬁd farm roads. .The
‘principle for determlnlng the facility requllements fof each Eunction
"is that ‘the progect fa0111t1es are provlded ia the most effective and
economical manner so that each function can be comblned w1th and fully
compatlble with the other farmlng operatlons at the respectlve eLoragee'

of development. -

The major erGIS and thelr tr!outarles CrlaSCfOSS in the prOJect
atea. A large number of - temporary brush dams ‘and permanent headworxs

have been bullt on these rivers for the purpose of 1rrlgat10n water

1ntakef Most of these_struotures_have.lnadequate flow capacities and

cause flood problem in the paddy fields along the rivers. 1In the flood

1/¢ Seé TABLE-5.5.1
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control olan for the major rlvers, the temporary brush dams and some of
the headworks are to be' removed and 1ntegrat10n of existing canal '
systems is: proposed for thelr practlcal and efficient operation through

constructlon of new headworke at the suitable locations,

(2) Irrlgatron Water Requlrements

: (n plannlng of 1rrlgatlon prOJect, sufflclent 1nformatron on .water
consumotlon by crops from seedlng time untrl narveet is needed Singe
.fleld measurement of consumptlve use of waLer by crop wae not oarrled
out in the'survey perlod this study is malnly dependlng on the study:
gresults in the reoort on Soil and Land Resources Appraleal and Tra1n1ng
'-PrOject on Bicol Rlver Ba51 /1 and Fea51b111ty Studies of Quinali
Integrated Development Area/2, The emplrlcaT and theoretrea1
formulas developed in the past by various- experts are also used in this

study.

The. calculation procedure adopted in this Stddy is shown in the

foiloWing equations:

IDR = {KC x PET + P + N + LP - RE)/IE

I

‘Wwhere,

. IDR = Irrigation -diversion requirement,

KC l==Crop'growth stage coefficient,
PET = Potent1al evapotransplratlon,

P = Pergolation rate,

=-Nursery requlrement,

LP = Land brepararion requirement,

f‘;RE =‘EEfectiveuraihfail,‘and

- IE = Overall irrigation efficiency.

1: 'Bureau of 3011 Department of Agrlculture, UNDP/FAO 1976,

Ry

|

2:"Blcol Rlver ‘Basin Development Program, 1980..
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The unit irrigation diversion requireﬁent ﬁof the deéign'of~
irriéaﬁion-facilitiési$of tﬂe desigh'intake'discharge,'for.ééch'aréa is
'determlned to be equlvalent to 20% probabillty of occurrnnce for: the
annual maximumn monthly mean requlrements taken from TABLF~5 5. 2 to
TABLE-5,5.4. : Follow1ng_ﬁlgures thus estimated are adopted to the

design of irrigation-facilities..

Area _ . Desigh
' ' Discharge
_(l/sec/ha)

Quinaii_(é) River Basin

_ Lowef'area _ - 1.28
- Upper area ' . 1.67

Qulnall (B) : Rlver ba31n 01,14

(3) Water Sources _

Rellable water sources 1n the Qulnall (A) Rlver ba51n are the _
Cabllogan, Ogsong,. Nasisi, Salog and Polangu1 Rlvers. Except for the
‘Quinali (A) rlver, stream flow records are aVallable at 3 gauglng

stations as shown below.

Drainage

Gaugingrstatioh | River " Area Period of Records
" Bobongsuran : Cabilogan 131 =1956 - 1978
Benanuan : Ogsong - 11 © . 1956 - 1978

Nasisi Nasisi .39 .. - 1951 - 1978

The stream runoff for the Salog and Polangui Rlvers can be _
egtimated by extrapolatxon from flow records observed at Na3151 gauging
statlon.- The extrapolatlon lS carrled out. based on relatlonshlp

between dralnage area and annual mean runoff
A certaln portlon of runoff from the Ogsong, Na3151, Salog and

Polangu1 Rivers has been dlverted by exlstlng intake fa0111t1es of the

4 Natlonal Irrlgatlon Systems. Available dlscharge for the new
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=development should therefore, be calculated by deducting irrigation:
_dlver310n Lequirements of the National IrrlgatLOn Systems firom river
':unoff. Water sources for the proposed 1rr1gation schemes can, be

. evaluated as followsi

i) Water source for’ the Cabilogan Scheme.

Cabllogan River (Dra;nage area = 122 km2)

ii) Water sources for the Agos Sta. Cruz - South Qu1na11 Scheme:”
. a) Remalnlng discharge on the Cabllogan Rlver after d1ver51on
':by the Cabllogan Natlonal Irrlgatlon System,
_b3 ”Remalnlng dlscharge on the Ogsonc Rlver after dlver51on by
' the: Ogsong Natlonal Irrlgatlon System and
c) =Remalnlng dlscharqe on the N351si Rlver after diversion by

the Nasisi Natlonal Irrlgatlon System.

iii) 'Water sources for the Qu1na11 Scheme'
o a)- Remalnlng dlscharge on the Salog Rlver after dlver51on by
' fthe Mahaba Natlonal Irrlgatlon System, o
b) 'Remalnlng dlscharge at the Hlblga Headworke after
_ 'dlver51on by ‘the Hlblga National Irrlgatlon System, and
c) Stxeam runoff from the dralnage area of the Polangul River

(excludlng the dralnage area at the Hlblga Headworks).

Irrigation=diversion fequirements for the National Irrigation
System are ca1culated taking the future 1rrlgab1e area into account as
=sh0wn in TABLE-S 5.5. Based’ on the unit 1rrlgatlon diversion
‘ requlzement for the upper area 1n the Qu1na11 (A} area calculated as
-‘shown ln TABLEus 5.6.:

L The monthly mean d1scharge at the proposed Cabllogan Headworks,
the ex1st1ng headworks for the Natlonal Irrlgatlon Systems and for the
"Polangu1 River are calculated by us1ng available records and conversion
-ratlo as shown in TABLE—S 5.7. Results of calculatlon are shown 1n'
TABLE-=5.5.8.
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Avallable dlscharge at the proposed Agos Sta. Cruz - South Qu1nd11
Headworks and at the Qulnall Headworks are oaioulated as shown in '
_TABLE—-S 5.9, ' ' ' '

The Qulnall {B}) Rlver is the most rellable water source for
1rrigat10n. Slnce stream flow records for thlS rlver are not .
available; the stream runoff at the . proposed Bantayan Headworks 1s _
extrapolated from Flow records observed at’ Bobongsuran gauging station
using conversion ratio of 0. 715  The result of calculatlon rs
summarized in TABLE*S.S.lO,

(4) Scale of frrigetioh'Area _
~ The fdllOWiﬁg criterial/ conoerning limitations for’watér
'shortages are utilized in determining the adequacy of pro;ect water

-supplles.

i) Maximum annual ‘shortage should not be greater than 50% of the

annual irrigation dlver510n requlrement.

ii) Maximumn comblned shortages in any two consecutive years ‘should
not be greater than 37.5% of the 1rrlgatlon diversion

requlrements,.and

iii) The average annual shortage over the 1956~ 1978 perlod should

not be greater than 7%.

Flrst, physxoally maxlmum 1rrlgab1e areas by grav1ty irrlgatlon
are dellneated on the avallable topographic map with a scale of 1 to
25,000 as shown in TABLE“J.S 12.

Irrlgatlon dlverSLOn requlrements for the dellneated schemes are
calculated as shown in- ThBLEws 5.11, In ordei to confxrm the
_ ava11ab111ty of -water source for irrigation, water balance calculatlons g

are carried out based on the criteria mentloned above.

;/:i_Irrigation Deueloﬁment_Plan'for'Central Luzon, ﬁIA/ECI, 1977
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The amount of ifrigatidn Waterfsﬁbftagé is:caicuiatéd for each
scheme as  shown 1n TABLE~ 5 5. 13' Ikrigation waﬁer fér'envisagea
71rr1gat10n areas can be supplled by stream flow within the llmltatlon o
of shogtage mentloned above. Hence, the scale of 1rrlgation area for'

-

_each scheme is proposed as follows.

Name of.ScHeme S o Net IrrigaEiOn Aféa.
: = o (ha)
Qainalii(Aj Riﬁer basiﬁ } "
’giﬁ_ .Cabilogan S o ' 1,400
-fiilfaAgos Sta. Cruz-South Qulnall o T 4,350
.3iii);:Qu1nall': : S s00

_Sub-total . | . 6,350

Qu1na11 (B) Rlver bas;n'

v ) Bantayan _ o o 2,400
' ‘motal S 8,750

(5)  Dra1nage Requ1rement

' .:The dralnage fa0111t1es are to be. prov1ded to remove ‘the excess
water in the. flelds taklng place due to the heavy ralnfall during storm.
and to create- adequate condltlons of : drawdown 1n a harvestlng perlod
The ‘unit’ dralnage requlrement is estlmated referrlng the NIA de51gn
: crlteplaif,.‘Surface,dralns apa des;gned s0 as to handle flows

: generated f;om_lo-year'Stdrm1frequéncies.

- The lOwyear, l day storm ralnfall in the progect area is -

:calculated a8 fo]lows.

10+year,.l—day:'

Area o '_ _ " .: storm:rainfall
B Lo e (mm/day)
Quinali (A) River basin " 250

Quinali (H) River basin = 300

1/: Design Criteria for Irrigation Canals, Drainage Channels and

‘Appurténant Shructurea,?GaN;‘Iglesia.
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These storm rainfall are used as'a-dééign'faihfall for estimation

of ‘unit drainage requirement.

The.unit'drainagé réqUirehéﬁtsis_calculéted'by'the follohing‘=--l
equation. '
T = 100 . .4 .
T -

R = x 10

R : Unit drainage fequi:eméﬁt {1/5éd/ha)
I Design-rainfall'(mm/a&y)_and
T o: ;Drainage pétida,(ae,Aob sec)

Using design raihfails for both: basins, uhit.dréinagé'requiremenﬁs

for the Quinali (A) aﬁdeuinali_(B) River basins are estimated at 17.4

:l/séc/ha and 23.1 1/seC/ha,'respectiveiy.
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