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I.  Summavy

1. Background and Objective of Project

| The Philippine Islands are located near the eastern edge.of the
Eurasian Continent, between 10° and 20° N latitude. Naturally, the
Islands are directiy influenced by both'monéoons and typhoons. EQery
year the islands are assaulted by hlgh tldes caused by strong winds
and floods caused by heavy rains that accoppany monsocons and typhoons,
Because, among the islands,_tuzon is densely populated and highly
developed, if this island is assaulted by floods or high tides,
inestimable damage to human life and property and social paralysis
would result.

The Philippine Government hag been péinstakinglp engaged in flood
control work apd river improvement, however, they are far froﬁ completed.
Yet, 1t may be said that "completion" is not possible in wprk of
this kind. This is bécause'natural.forces may bring larger floods
than that which a c0mp1eted_dyke is estimated to be able to handle
éafely}

Forecasts and warning about floods are therefote sipnificant.
Their role énd functions ate'supplementary before the work is‘completed,
and after completlon they will serve to emnsure that the objective is
accompllshed as well as to provide for emergencies.

The Philippine Government, having fully recognized the
importance of the forecasting and warning system, completed a flood
forecasting and warning system 1n 1973 for the Pampanga RLver; one of
the most important rivers in central Luzon, in cpoperationrwith the

Typhoon Committee, ESCAP and ‘the Japanese Government. The fact that






the Pémpanga system demonstrated its effectiveness satisfactorily

in the huge flood of May, 19?6, and protected many lives and much
property from disaster is well remembered. Based upon the lessons
learned on that occasion, the Philippine Government reque;ted the
cooperation of the Japanese Government with a plan to extend the systen
to three rivers - the Agno River in centrai Luzon, the Bicol Riﬁer in
southera Luzon and the Cagayan River in northern Luzon. In response

to this request, through the Japan International Cooperation Agency
{J.1.C.A.), the Japanese Government dispatched The. Survey Team for

Flood Forecasting and Warning Systems in the Philippines and assigned it

to the feasibility study.

2. Survey Objective

The objective of this survey is to produce a feasibility study
for the plan to extend the flood forecasting and warning system,
currently effective on the Pampanga River, to three rivers, the
Agno, Bicol and Cagayan. The survey includes the items as listed
belpw.

1) Discussionsrwith officials concerned.

2) Collection and organization of data.

3) Inspection of the sites,

4} Survey of meteorological and hydrological characteristics.

5) Socio-economic characteristics.survey and study of target

area.
6) Preparation of forecasting model and observatory network.
7) Telecommunication system proposal.

8) Preparation of the operation and maintenance plan.






9) Rough estimate of expenditures.’
i0) Proposal for system construction and personnel tréiﬁing

program.

3. Organization ofrsﬁrvey Tean

"The survey teaﬁ compriées the foilowing £hree keéﬁé:
Fitst Survey Team

Second Survey Team

Japan Project Team

The first and second survey teams are organized as listed belowé
“Team leader: fsunetaka Kawai, Water Management Officer, River Planning
’ ‘ Division,  River Bﬁreau, Hinistry of=Coustfuctiqﬁ.
River Specialists: Kazuhiro Yamaguchi®, Députy Head, River IMprovémentDivision,
: '.RivertBuréau, Ministry df.CbnstruetiOn.';
Fumio Kodama*, Head, Operatiﬁnal Control Center for Tone
River Dams;.Kantd-Regional Construction Bureau,
-uHinistry of Construction.
Yumio Ishii*, Manager of Water Resources.Department,
Tt €UTo L. Eng. Co., Ltd,.
- Joji Ishii, Deﬁuty.Chief of Research & Development
| | Séction,,C.T.I;.Eng. Co., Ltd.
Toyohara Hiruma**,rDeputy_Maﬁagef of Racer_Resources
s . Debartment, C.T.1. Egg. Co., Ltd.
Takeshi Hashimoté, Researcher, Hydrology Section,

Public Works Reseawch Institute, Ministyy
of Construction.

Koichiro Katsuragi, Chief, Area Water Management






Section, Opératicqal Control Centerrfof:Yodo
River Dams, Kinki Regional Censtruction Buteau,
Ministry of Construction.
Meteorolagicatl Speciaiistsﬁ_. |
Seiji Miyazawa%, Chigf Forecaster, MeteotologicalfAéency.
Telecommunication Specialist:
Osamu Tsumura*, Head, Electricity and Telecommunication
Section, Minister's Secretariat, Ministry of
Constrﬁction.
Kazuhiko Tékéyéma**, Senior Engineer, Eleﬁtripiéy and
TélecommunicatiOH Seétion, Ministér's Secretariat,‘
Ministry of.Congtruétion;.
Mitsuru Shimizg*#, étaff, Elecfficity and TelécOmmﬁnication
Section, ﬁinister‘s Secretatiat;‘ﬁinistry 6f
Construction. |
Masamichi Koﬁura, Chief—clerk, Electriéity and Tele-
coﬁmﬁnicatioﬁ'Section, Kanto-Regiﬁnal
Cohéftuétidn'Bureau, Miniétfy of Cdnétrucﬁion.
Shuji Suga, Construction & Eiectriéiﬁy Techniﬁﬁeé Corp.
Yoéhihéru Hakaéawa, " " r o
Coordiﬁator: . :Yuji Okazaki, Research & Developﬁcnt éection,.Social
- Developmeﬁt.& Cooperatioh‘Dépattment, Japan
International Cooperation Agency.
ﬁOTE: * denotes memBer of First Survey Team.

%% denotes member of Second Survey Team.






‘The Japan Pfoject'Tean'consists'of the personnel listed below and
several other engincers from C.7. 1. Eng. Co., Ltd.
Rivedepecialist:r'Hisataka Suganuma, Acting Section Chief, Mater

| ‘Resourcés Department. -
Socio-economic Specialist: Zen'o Ohno, Deputy Chief of Research &

Development Section.

4. Process of Survey

.The first‘survéy was_conduoted at ?he sites io'the Philippines
to obeain_an understanding of the overall projecl. The survey was’
conducted from November 18th to December 17th, 1976. The second
survey took place during the eeriod from Jenuary 3lst to March 5th,
1977, and was mainly the selectlon of the locations of telemeterlng
stations. and the radio propagatlon tests. The work of the Japan Project,
Team commenced in -December, 1976, after the first survey team returned |

© to Japan, and is scheduled to be completed in March, 19?7

Progress Report I is a consolldat1on of surveys conducted and
completcd.up to this time, 1In addition, an Interim Report was
submitted in December, 1976. Pregress Report II is scheduled to be

submitted at the end of Mafch,‘1977.

5. Conclusions and Recommendations

1. According Lo the surveys conducted so far, extension of the

flood forgcasting and warning system to the Agno, Bicol and Cagayan

Rivers is'feasiblef

2. The system consists of the Eoilowing facilities and networks.






_.1)1 Seven telemetering statlons {one more station will be added
in the near future), one repeater station and one sub-center (Carmen,
'Rosales) on the Agno River. “ | ‘

2) Nine telemetering sfetione, two repeater stations -and
one sub-center (Camallgan, Naga) on the Bicol Rlver._

3) Four telemeterlng stations, one or two repeater stations :and ene
sub-center (Teguegareo) on the Cagayan River.

4) A set of tranémitting/tebeiving facilities near Manila
City, to contact sub-centers and the Floed Forecasting Center {(FFC).:
Communlcation between the FFC and subdcenters will be " .
by multlplex transmlssion/rece1v1ng or 58B.radio telephone.,..

5) FFC forecasts flood eharacteristles (time and duration of
highest water level) on the basis of information from sub-centers
and meteorologlcal 1nformat10n produced by the Phil1pp1ne
Atmospherlc Geophysieal and Abtronomieai Service Admlnlstratlon
(PAGASA). FEF¢ then eends this information to each sub-gcenter and
also contacts the releted organizations. ‘

6) .Upoe.completion of the entire system;.ls hydroiegiets and
26 telecommunication engineers-will be required for operation and
maintenance of-theleystem. These personnel will be assigned to the
FFC as well as each sub -center., o

7) It is desirable to computerlze the whole system in the
future‘to 1mprove both the accuracy and eff1ciency of forecasting
3. It was observed that the number of trained personnel would not
be sufficient to meet the requirements of extemsion of flood fore-

casting beyond the Panpanga system. -Therefore, it is preferable






that the impleﬁentaﬁion of tﬁe éystem bé perfo?me& éﬁeﬁQBf—sfep
deﬁending upon the aQailabiiity nf.tfainé& pérsénnel and
accumulation of GXperiénee. |
| TheIfOILOWing steps are éentatjvely propﬁsed:
lst step: Completion of the Agno system telemetering network,
which will be connected to FFC by the ﬁultiplek
teleCOnmunication system, - . |
an.step: Comple;ion of the telemetering uet@@rk in the Bicol
o;.bagayan_system .  Commuaication with the FFC
will be by radio telephone,
3rd step: Completion of the telemetering network in the
remaining river system. Communicatioﬁ with the
FFC will be by radio telephope.
4th step: Completion of lhe multiplex telecommunication system
betwéen the suﬁ—centet established in the 2ad step
and the-FFC.
5th step: Completion of the mﬁltiplex telecbmﬁunication
- system between the suB-center estabiished in the
3rd step and the FFC.
4. It is preferable that the construction of the system be completed
within three yearsq.'Ttansfer of technolopy should be carried out
on an on-the-job basis. Also, this tranining is reqiired for about two
years after the completion of eaéh systém; Accordingly, it may

take about 5 years before the entire system functions smoothly.






In this connection, it is advisable to assign three hydrologists
and three telecommunication eagincers to ¥FIC, AFurthermore, Japan
nust be responsible for the training of the Philippine hydrologists

and telecommunication engineers.

Proposeﬂ Schedule of Impiementation

Agno System
Telemeter installation SE——

Communication with FFC ——

Personnel fraining - . I——
Bicol Syétem*'
Telemeter installatioﬁ o
Communiéation.with FFC - —
Personﬁéi‘ttaiuing S I AU SRR N
Cagayan Syétem

Teleméter installation

Comrmunication with FFC

Personnel training : § I,

NOTE: In ghis schedule the Bicol System is second, but the Cagayan
_Systém may precede it.

5. The expenditures for this system are now under consideration

V;aking into account the following items.

Construction cost

Gaging stations






Teleconmunication facilities

Operation and maintenance costs ifor 5 years)
" Equipmeat

Personnel

Vehicles
Consultant se;vices

Pesign of the system

Management of construction work

Techaical guidaace
6. Installation and restoration of hydrological stations to be
included in this systeam should be completed- as early as possible
in ordexr to faciiifate availability of reliable data.
7. It is desirable to make use of rainfall forecasting, although
rainfall forecasting techniques are not suff1c1ent1y developed
in thls connectlon, it will be of great help if jnformation from

PAGASA meteorological radar is effectively utilized.
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11." Hydrological Characteristics

§-1 The Agno River.

1. ‘Gepmorphology
The Aguno River has & draioage area of 5,646 ki’ (Esiﬁary;
Baay West, Lingnayen Stn), énd is the third largest river in Luzon
next to the Cagayan and Panpanga Rifers. Half of the draihage
areas of the rivers are mountainous, and in particular the water

source of the Agno River is a mountainous avea of 2,000m in . &

elevation in Banguet Province.

The main branch is Tarlac River (the dralnage area is about
1,900 km? iﬁcluding Poponto Swamp), which jeins the Agno

River in midstream from the left at Banyambang. Thé Tarlac
River has its source on Mt. Pinatubo (elevation is 1,745 m)

located in Tarlac Proviace.

The Agno River, after passing through the mountainous area,
Eormé a vast fan and a delta, and thea fioﬁs.into Lingayan
‘Gulf. This fan and delta is called the Papéasinan Plain,

and has long been developed economically, together with Panpanga

kY

Plain. . These plains are the granary of Central Luzon.

The Agno River has a course of about 200 km, of which 90 km -
runs in mouatainous zones, forming deep canyons. The average
slope of the river bed is, about 1/50 in canyens, and about

1/1,000 on the plains.

-1 -






Ponpoto Swamp is ‘located in the vic1n1ty of Bayanbang, where
the Tarlac River Joins the Agno River. The swamp has an area
af about 25 kn? and naturally acconmodates fleod waters from

the Tarlac River at the junction.

Dagupan and St. Barbara form the ceater of the Pangasinan.
Plain. The plain Qqs originally formed as a result of floods
oun the Agno-River. Changes iﬁ river courée,as well és river
inprovement works led to the separation of the Agno River

from the Plain., Now floods are prevented by the dikes on the

right bank.

Run-off from the plain is discharged fute the Liagayan Gulf
through the Dagupan river which was once a branch of the

Agno river.

2: Qlimate

Since temperature differences in the Philippine Archipelago
‘are relatively small, climatic classification of the islands has
been based'upon the presetice or absence 6E a dry season ;nd rainy :
'seaéon. The four types of conditions selected for climatic‘ciassi—
fication avre:

First type ~ This type is characterized by tw0 pfonounced
reasons ~--— dry from Novewber to April and wet the remaining months
of the-year. |

Second type - This type has no dry season but has a proaounced

rainy season From November to January.

—12 —






' Third type - This t&pe has no pronounced ralny.season and
'only a slight dry period 1a$t1ng from oné to three months.

'Fourth type - This type has no dry season and a pronounced
rainy season.' |

The climate in the Agno River basin is of ‘the flrst typé.
Detetmining factors are the 2,000 m mountains’ surrounding the basin,
and mansoons and typhoons.

Pioods are btought by heavy rains caused by monsoons and also
by an aﬁerage of & tyﬁhoons a yéaf. Méximﬁm'and'miniﬁum mean. -
‘ monthly temperatures at Dagupan are 29°C in August and 26°C in
January, a comparatively small temperature dlfferential. Mean

annual humidity is 75? in lowlands and 85% ia the mountalns.

3. Precipitation
In this draiﬁage areé; Eﬁe dry season is from November through
Apf11 §nd the wet season May through October. Annual precipi-
tation varies from 4,000 mm in the,upp;r stream th}u}Agno‘ﬁiver
to 2,000 wn in the neighborhoéd_of Tarlac. Such great varia-
kion is_causéd by. the influence of mountains upop'precipitatioﬁ
_pfoéuced_ﬁy monsOons.. The records.of heavy raions which caused
floods Were73,462 mm in a month in Auguse, 1911 énd'1,168 i)
in 24 hoqfs in July, 1911,in Baguio city located in the upper

part of the Agno Rivé?.-

Recently, in 1972 and 1976 disasters due

to heavy raln were experienced,

- 13 -






Flood and ‘Storm Surge

Since the Agno River basin is.characterizéd by'mOuntaincds
topbgraphy, the fiood'ruhéff réaéhés:the plain in séveral hours |
and the estuary in-a day.- fbfjthis'r9596n;'the;hydrﬁgraph':

of a fiood is a Qéty sharp curve. The largest recént flood

was exuerienced in May, 1976, when some gaging stations

were washed away. and no complete measurement couldiactually'

be made. .- In théﬂBPw scheme, this river has a fldod of
10,000‘m313eé ina 1b0—year—period; at Wawa, Bayambang,

in mid—coufse (drainage area is 4,196kwm?) and in thé NPC

scheme, Binga Dam has a Splllway with a designed dlscharge ‘of

5,770 m3lsec (dralnage area is 936 km ).

COnsidering the features of Lingayen gulf, stofm'shfgés are ex—
pected to a cortain exteit, élthough sma11er than those

expected at the estuary of the Bicol River in San Miguel Bay.

As meationed above, the Pangasiqan Plain was formed by .
floods often ".The largest was in May, 1976, producing in-
estlmable damage, floodiug tha entire Pangasin’ Plain including

the Tarlac River.

— 14 -






River Tfaining Works

BPW has beea in charge mainly of- Agno Rlver flood control f.

and the primary plan 1nc1uded dyke systems. and flood ways., The
Pang331nan Plain tends .to expand to the rlght bank of the riVer;
and the dyke on this side is the most important structure. Also,
the dyke-on the right bank of Tarlac idver between Tarlac CGity

and'POpbntO»Swamp is no less.important.' At.present;etheSe

dykes have been 70-80% completed, - The left bank of. these

rivers .has. no dykes in many places, and construction work is

now under way. .= - . : . Lt

Poponto sﬁam§ isrlocated at the jueetionAof.the Tafiac-Riﬁef and
Agno River at mid- course, and adJust the amount of outEIOW(ﬂ?the
Tarlac Rlver at the confluence. lhe Aleara flood way-has
recently been COmplefed with the intent to inﬁro&uee peak

flow of 3 000 m /see of the Agno River into the swamp.

This flcod way is expected to contrlbute much ko minimizing

p0351b1e f100ds in the lower cpurse of Bayambang.

Development Of flood control in the drainage of the Dagupan River
has not progressed, probably bccause this river runs inland.
It seems that some sluices or pumplng stations may ‘be required

in the future.

Concerning other hydrographic structures, the upper stream of
this fiver has-AmBuklao Pam and Binga~bam belonging to National

Power Corporation‘(NPC), both having a helght of nearly 100w}

-15 —






in San roque, San Manﬁuel,,thete.is anintake dam_of;the Agne
irrigation system belonging to the National Irrigation Administ-
~ ratien (RIA); and an intake dam in Tarlac City on the Tarlac

River, which also belongs to NIA.

Gaging Station:

Gagingrstationé ére geﬁetélly pndef ﬁPWICOntrol;. Tﬁéré

are 10 stations along the Agno River, one station glong the
Térlac River and 3 stations along the.Daguﬁan River.. These
stations, except those lecated in the tidal areas, peffétm_dis-'
charge measurements. IOhservatiOn of water level is perfo;med
three times a day —-- morning, noon.and eyening - aud.also

is performed hourly as an extra precaution in caée of a_flocd;
The autcomatic water gages previously available in many of these_
stgﬁions were broken_duringrflodds‘in 1972 or 1976,

Reading at most siations is done with the

staff gages, The San Roque, San Mannuel, station was half
destroyed, and the stati;n at Tibag, Tarlac ﬂas been abandoned,
All the dapa from the gaging stations are collected at the BPW

headquaters.

As regard meteoroiogical obserVafories, there 1s the-Dagupan Synoptic
Station, PAGASA, which monitors all major méteorological factors.-
‘The rain gage stations, with PAGASA as the center, number as

many as 22 including those in the Agne Basin and Dagupan Basins.

_.16_






In'addition, both NIA and NPC have indepeéndent gaging -

station networks.

Daily obsefﬁation 15 performed at all'gaging'siatiOHS‘éthef‘than
the Synoptic Sﬁatioﬁ.  As compared with thE'ﬁatérzlevel gégiqg
_stations, the féin gage stations have fever récofdipg omissions.
‘These data are gathered by the PAGASA.héaquarterS'via_fhe |

Synoptic Station.

.._1'7_






5-2 The Bicol River.

1.

the Sipocot River and pou?s into San Miguel Bayf

GEOmorphoiogy

Tﬁé Bicol River is a medium size river kith a drinage area
ofzz,?l?kkmz (Egtﬁary:.Cuyﬁpi, Libmépaﬁ_Station).éovéring‘

the Prévinces.of Caﬁarino Sur and Aiﬁéy; the soﬁtﬁefnmoét

part of Luzon. ”ihe‘majorify of the'dréinage area is flat alluvial
iand or tébleland wi#h'volcanic deposits. Tﬁe'basin.hés
mountains iﬁcluéing volcanés 2,000.m in elevation t6 the

east, and rather lower mountains to the west. The source

Y

of the river is Mayon volcano, the most famous mountain in

vLuzon, with an elevation of 2,421 m. The runoff, after being

regulated thfough_the.lakés of Bato, Baao and Buhi, comes

into the course of the Bicol River.

The main tributary is the Sipocot River, which enters from
the qut‘at a point 8 ko from the estuary. Unlike the main
stream, the basin of the tributary is almost all mountainous

terrain.

Rainfall -in the mountains that are the source of the river
{mmediately flows down the steep mountain slopes ind rapids,
and ‘enters into the main river course, which meanders

coﬁsiderably'while_flowing across the plain. Thea 1t joins

i

The Bicol ﬁiver has:a very gradual slope. Lake Bate, in

spite of its location about 70km from the estuary, has

- 18 -






a miaimum water level of oﬁly.S,O m above the MSL. This is.

1/14,000 in terms of surfacé_élope.

In.the:case ofwtheSipééét,Rivét,.Lﬁé.élopé.is:lfé56:énd tﬁe
fall ié 100 m in abéut 25 km between Napoelidan and the juﬁcf
tion with the wain stream, The course of the Bicol River),

: éfter_joiniﬁg the SiPGCOF River, widens and finally becom-

ing more than 1,000 m wide at iis estuary.

Since the Bicol River flows so slowly, the tide can rveach
areas ﬁpstream from Naga City (about 35 km upstream frbm

estuary). -

The topographic features of the basin cam be classified as
follows: Sipocot basin and the snrrounding'mountainsi plain
of volcanic deposits vpstream from Bato Lake; and low wetlands

extending between Naga City and the estuary.

2; Climate
- The climate of this basinlis of the secondrtype described.
previously. The climate is dgtermined by_topdgréphical featurés
open toyard the northeast, and RONS00NS and cycloncs._
Northeastern monsoons between November and February haye a
great inflﬁence.oQ'thié bésin, Whiie the trade winds are obstructed
by mountain rénges. There are low mountéins only to the southwest,
‘therefore the basin ié'Only slightly affecteﬁ by 50uthwéstern monsooné.
_Cyélones average two a yéar.
Mean annual ﬁemperétﬁre is 27°C and temperature differentials

between localities are small. Mean humidity is 85% at Naga City.

- 19 ~






3. Precipltation

'?heré is no d?y_seaSOn in this region. Héavyﬂrains are possible

in October, Noyember qnd_Dgpember, malnly due to the ihfluences

~of wind direction and topography. The average annual rainfall

vaties_frqm'Z,OOO mm in the southwestern area to 3,600 o in

the northwestern avea.

The highest monthly rainfall was 2,900 mm at Naga.
Recent heavy rains were recorded.in December, 1975, and

December,’ 1976@-

Flood aﬁd Stofm Surge B | ' ' i
Raigféll oﬁ_mouﬁfaihs feaéhés the plain éooﬁ, from where
ip.flowé véry slowly te the estuary Hue to low, flat terréin
ipcluding iérge lékes. The‘river flooded in Décémber, 19?5,

and in December, 1976, when.the”entire Bicol Plain was heavily

danaged.

The cause of more often and heavier‘fioods is.storm surge which
is generéted in San Miguel Bay. The sectoral fgrm of the béy'
_is.subject to'high tideé, and_in'adéitioh many violeat typhoons
pass over the drainage afea.l Stbrm_surge_is eséimated to be as
high as 2.5~3n, . Since ﬁhe floodtide in San Miguel Bay is:
about 1.5 m above MSL, when storm s;rge is added to the astro-

nomical tide, high tide is 4 m above MSL.
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River Training Norks

Concernlng the traiuing works of the Bicel River, Blcol R1ver Basin
Development Program (BRBDP) works out the basic plan and BPH is

in chdrge of execution The only projcct under constructlon is
.Cﬁt—off No. 3' which is intended_to alter meaﬁdering in the

vicinity of Naga City. Future programs, however, include

" drastic projects such as the dyke system in the lower course,

direct drainage from Lake Bate to Ragay Gulf tﬁrough diversion

channels dams in the upper Sipocot river, etc.

The‘integration of irrigation networks including the Lalo River

irrigation system by NIA is an other comstruction project,

Geging Stationsr

Caging stations are generally under BPW control, number 27,

ehd disehargé measurements are made - at most stations. Daily
abservations of water. level are performed.tﬁice -=- morning and
evening — or three times --- worming, noon and evening ---

and also performed hourly as an ‘extra precaution in -

‘case of a flood. Many stations have automatic water gages, which

are cut of order except at Mabulo, Naga. Therefore, reading

is done with Steff‘gages.

The meteorological observatory is Pili Synoptic
Station, PAGASA, which monitors all major meteorological
factors. The rain gage stations, with PAGASA as the center,

total-l4;ﬁwhere'dai1y observations are performed.
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Considering the size of the drainage area, the number of gagihg
stations is g%eater than in many other areas.
This indicates that the develepment of the overall drainage

area is advanced.
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§-3 The Cagdyan River

1.

Ceonorphology
The Caggyaﬁ River is,the_largest river in Luzer, having a

drainage area of 27,580 kn® (Estuary: Appari'StatiQh);f

The river is located in the néftheranS; pari of Luzon, and
flows northward pouring.into BaBuyahaChénnéi. Mountains

with elevations at the 2,000 w level surround the east, éﬂuth
and west parts of the drainage area, and the river fiows north,
east of the center. The Cagayan valley is comparatively flat
and is diQided-into Ilagan, Tugegarab and Appéri areas by -
bottlenecks.  Main bfanches are,'tﬂe Chico River which joins
from the left at a point 55 km from ‘the estuary, tﬂe Ilagan
River which joins from fhe right at Ilagan, 200 km.from

the estuary, aﬁd.the Magat River which.joins from the left

at Naguilian, 230 km from the estuary. Both the Chice River

and Hagat River have extensive drainage areas, which together

cover 1/3 of the overail drainage area.-

The river has a tatal leugth of 40D km, of which‘lﬁé'ﬁﬁ.is
mountains and about 300 kﬁ'on plains. The.averége.

slope of the river bed oﬁ_thé plains 1is as.gentie és.

1/8.060 in the 230 km between the estuary énd‘Naguilian.

The rivey meandérs-cpnéiderably while-runhing tﬁrpugh.the filood

plain of the Cagéyan‘Vailey._
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Marshes and swamps are found in some parts of the lower stream

and also pear the. esteary,

2. Climate ) _ ) - E l ’
‘This basin has no noticeable rainy season but dﬁes:have a short
dry season, and is of thé.thiré type.described previousiy;
~ The ¢limate is ébntrolleé bflhigh'méqnta{ué in"éhree:dirécéions,
trade winds, wonsoons, and an avergge of four c¢yclones a yea;.
| Mean annual temperature at Tuguegarao, situated at mi&—stream,
s 26.6°C, with smail temperature differentials between months.

Mean humidity is 80% and does not change noticeably,

3. Précipﬁtation
In terms of ralnfall, December through Apr11 is the dry season and
Hay through November is the ralny season. The average annual rain-
fall is 1,000 wm in Alcara, in the uorthern part, and 3, 000 ™wn
in the southeastern mountains. The heav1est rain whlch brought
‘floods was experienced in Tugegarao in'November,'1906,.when a
monthly rainfail of 1,316 mm was ;ecorded. In this cdse, the

- rainfall in 24 hours was 318 mm at the maximum.

4. Flood and Storm Surge
" Floods caused by tﬁis river tend to flow down very slqwly.becéuée
of extensive area, extremely geﬁtle_slope in valleys, régulation
of natural flood by several ﬁotplenécks,'and'ﬁeandering of the

.river.’

No dischargg measurement is perfofmed by the gaginé stations
located along the river course, and the discharg@ flow up to‘Lhis
time is unknown. However,' the water stage in case of 'floods may rise
higher than 10 m above the norma1 stage. Valleys are damaged by |
the floods very offen, and the maximﬁm area damgged iszeSEiméted

to be 2,080 knZ,
- 24 -






No serious damage due to high tide has been recorded. Also,
considering thé'featpres of Babuyan Gulf into wﬁich the‘éiver'

pours, no extrémely high tide is expected to occur.

River Training Works
BPW has been the main promoter of flood control on the Cagayan

River, although no plan has actually been completed. This may

indicate that the river course remains natural. Utilization of

water resources has been progressing. The {Oscariz Dam on the
HMagat River,-COmpleted-by NIA, can provide jrrigation for vast

farmland. Many other irrigation systems are now being planned.

Increasing demand for the flood contrel or river improvement will

be made when these development projects are completed.

Gaging Stations
Caging stations are generally under BPW control. There are

9 stations along the Cagayan River, 2 stations along the Chico

‘River, 2 statioms along the Magat River and one station along

‘the Ilagan Rivei._ However, the number of stations seems to be

too féw for the extensive area of the river basin. These stations

 perform the water stage gagiug only, 2 or 3 times a day with

staff gages. Hourly reading Is performed as an extra precavtion in

" case of floods. All the data are collected at the BPW headquarters.
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Theémetedroloéicél obser§atory is Tugegavao Synoptic Station;
PAGASA, thch'monitorg all majox méteoféldgical factors. There
are 26 rain.gagg stétidns, with PACASA.asrthé center, altﬁouéh
many of them have beéﬁ'abandoned; 'The ﬁumber of sfations-

of this'kihd'seemé to be too small considering the large
drginage_érea. The rainfall data arc gathered by the PAGASA

headquaters via the synoptic station.
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nr, ‘Sobiq-Economic Characteristics

g§-1. VThe‘Aéno River .

The drainage area of the river covers four provinces --- Mountain,

Benquet,

The aréa

1. Popu

The basin has a population of about 2,302 thousand.

Pangasinan, Tarlac.

adninistrated is

lation

' kmz;

Population density is about 146.3 persons/kmz, which is fairly

high.

.

The following eight éities have populations of more than $0 thousand.

Baquio, Benquet: 84.5 thousand, . Daqupan, Pangasinan: 84.3 thousand,

Béyambaﬁg,-?angasinan: 56.4 thousand, Tarlac, Tarlac: . 135.1

thousand

Agno River Basin: Summary of Populatilon Statistics

Pop‘

Population Pobulation Pbp. : Pdp; Pop. : Literacy
' . 1970 . Increase Density . Projection Distribu- Rate (%)
Province ‘Census (196ﬁf—70)(per sq. k) 1975 tion (%) 1970
L —— R ; : o - Urban Rural

Province [, 347,513 26.6 146.3 2,609,203 18.01 81.99 78,73
TotalfAve | 2772777 e P :

Mountain 93,112 8.4 - 444 105,259 3.59 96.41  6L.55
Benguet 263,550  43.5 99.3 309,656 31.84 68.16 79.87
Pangasiran] 1,386,143 - 23.3 258.2 1,547,604 19.90 80.10 - 86.03
Tar ldc .559,708 - 31.2 © 1833 646,684 16,70.83.30  87.45

Source of basic data:

Bureau of the Census
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Cities and Towns With 50,000 oxr More Inhabitants '

o . Po ulétion S s Populati
i pula 1N opulation
Cittes gnd Towns 1970 CiFies‘ané prns 1970
Bagulo, Benguet . _ 84,538 Urdénéta;_Pahgésihah' '58,690'
San Carlos, Pangasinan| 84,333 Bayambang, Pangasinan| 56,415=
~Dagupan, Pangasinén 83,582 Lingayép; Pangasinan { . 56,096
Malasiqui, Pangasinan 61,423 Tarlac, Tarlae . 135,128
. R . s -
2. Industry N - S o

In the mpuntéinoﬁs arean, mainl& _qen{eréﬂ in.the
Provincés of Moﬁntain-and Benquet" hédium létitude
agcicultural proeducia (such as cabbage, tomatos, carrots,
caullflower otc, ) are the primary products of the VYhilippines,
which are Cthlvated on the alluvial oil of the Trinidad
Valley up to the base .of the surrounding mountains. -?rodqgtiou
in logging" ané forestry ds¢ the- highest in Luzon and
socond highest in the philippiues.;-Mining and quarrying‘
aréTéctiVe,Land'BenQUECﬁP?pygnceehas-minihg'as 1ts most ,
impprtdﬂt inddsfry{!inclﬁding theirefiniﬁg?of:goidi ; i ;1;;,~

Fesloa . ’

In the plain area, méinlj centereq avound  Yangaginan,
agrlcultural act1v1ties are developlng to produce palay
(rough rice), sugar;cane{ tobacco, livestock, and poultry.
In the lower drainage of Lingayen.and'Dagqpan,-fishpcnd.

and fish ¢ulture are- agtive, " "Besides these, copper. -

refining, cement manufaciure and salt waking are found,
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Economic

Information
[ : ” A . s . . - . - LR . :
Name of Province Hountain Benguet Pangasinan Tarlac
“Acea (ha) 209,733 | 259,938 ' | 536,817 305,345
Income : i P R TSI S . o
“FY1972-73) Pl,ﬂﬁ?,ﬁl? 22,978,411 | B6,027,620 |B4,735,300
B Industry Agriculture Agticulture AngCULtdre Agricuiture
: Lepging & . |Logging & Logging & |Logging &
Forestry Foréstry Forestry Forestry
Hining & Mining & Fishing
Quarrying Quarrying | Mining
Manufactur--
_ ing _
Crop Cabbage Cébbage -éélay ' Palay _
: Tomatoes Tomatoes {rough rice)|(rough rice)
Carrots.  |Carrots Tobacco Sugar . '
Cauliflower |Cauliflower { Coconut Poultry
Strawberries| Strawberries| Sugarcane Goats
cte. letc, Livestock
Poultry

Number of Establishments in Agno River Basin

by Major Industry Division.

Province Total Manufac- Wholesale TrénSport Community = Cther
Number of turing and Retail Storage _ Social and Economic
Establish- Trade Res- and Com-  Persoémnal Activi-
ments tauvrants munication Sexvices . ties

. _ - and Hotels ’

Mountain 773 118 583 29 31 12 -

Bengaet 5,722 448 4,507 96. 490 181

Pangasina| 20,561 2,307 12,397 3,934 1,610 313

Tarlac 9,980 941 6,068 2,087 704 180

T g e e e b
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Traffic -~
The traffic network in the Agno River basin is composed mainly
f road systems and railroads. The road system 1ncludes the trunk

roads connecting this region and other reglous, inter—regional -

" semi-trunk roads and roads used fo¥ daily life. Among the trunk

roads, national highways No. 3, No. 13 and No.-11 are most impor-

tant, They are the'key.routes that connect this region to Manila.

Highway No. 3 ruos through the central’ part of Pan3351nan Plaln

from north to south and connects the main cities; highways
No. 13 and No. 11 cross No. 3 and serve effectlvely as iateér-
reglonal semi- trunk roads.
jhe results of the_lB?S survey of traffic volume at places of
heavy traffic are; (No. of éérs)
Placés of comparatively eésy acceSs:' 1 000 ~ 1 500/day.
Cities in Benquet Pr0v1nce7(Bag1vere,:TEba, Cample)
more Lhan 5 OOOIday - Cities in Pang351nan and Tarlgc Province
{ Asingan, Sto. Tomas, Tarlac) : 6 UOOIday. ther‘ciiies'

(Sta Barbara, Dagupan, Lingayen) : 3,000 - 4,000/day.

‘As menticned above, this vegion forms an important traffic center

both with railveads and highways. These routes pass through

séveral flood plains.’
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: Existing Highwaeriloﬁétetages
o {As of June 30, 1972)

Mountain

Name of Province

National Provineial Total

Benguet .

National Provincial Tatal

Municipal © Municipal
L ) and City ‘ . and. City.
Earth 44.03  114.19 158,22 | 13.71 ’_352,39 435,60
Macadan 13198 169.34 30132 |  72.81  385.19  458.00
Low type bit 34.37 6.88 41.25 | 155.76 209,22 . 364,98
Righ type bit — - - 45.19 40,68 36.8?
.Concrete - - - 18.43 1.05 19,48
i Misc. & Comb, - - - : . Co % _ —
" total 210.38 290,41  500.79 | 305.80 1,059.03 1,364.93
e -
Name of Province .Pangasinan _ - Tarlac.
'Na;ional Proviancial Total National Provincial' Total
Municipal Municipal
and City ~and City .
Earth 28.26  297.80 326,08 | 8.59  110.43  119.02
Macadan 159.44  784.64  944.08 | . 7.82  344.20 352,02
Low type bit . 63.74  147.63  211.37 | 37.70  183.31  221.01
High type bit 129.55 92,10  221.65 | 36.48 - - 36.48
Concrete 93,59 2.61 96.20 76.39 6.69 , 83.08
Misc. & Comb. = 425.82 425.82 - - -
474.60 1,750,60 2,225.70 B11.61

Total

166.98

644.63

-~ 3% =






4. Daﬁage.

in the Agno River bagin, the average'anuﬁal démage due to flodds.in
therpastris RGO millioh, and :the 'areas damaged“feached 1,720 kmz.
The amouni of damqge in the past 10 yea:s.(196641975), caused by

typhoons, tropical cyélones, etc., are listed below,

Flood Informattion

Year : Namer _‘-‘Dafe”n‘ rwréamééeé- h Rainfalfﬁww
1966 " Klaring May 11-22 P 436,000 Baguio
: ' : : 286.8 mm
1967 Trining = Oct 14-~18 'P1,773,800 Baguio
, © 0 1,215.7 um
1967 Welmiog Nov 1~5° ¥ 170,000 Baguio
: : _ - 96.1 om
1368 Huéning Aug 17~20 ® 400,000 _Dagupan .
_ . 114.4 wm
1969 Elang Jul 24~ 27  PB2,000,000 ' Baguio
B . o - 1 P 1
1973 Luming Qct . 2~9 P6,300,000 Dagupan
B R T U ci 366 o

5. Basin Development Projects
The government of the Phlllppines is* making an-effort to develop the Agno
River b331n w1thpr10rity placedtnlroad systematizat1onandx1ver1mprovement
Regionai Projects
" A. Ma#ilé Norﬁh Road,
B. Second Luzon Mighway Package PrOJcct
C. Tarlac - Sta Rosa Road
D.  Rosario - Baguio Road
Bavang ; - Bagdio Road
E. Paneque -~ Caﬁiling - Wawa a‘Bayambang'Road
¥, Agno.and Tarlac River Control Projects
G. Rehabilitation of National and Commercial Irrigation

Systems and Installation of Irrigation Pumps within Disaéter Areas
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-Targét Avea

At this tine, the selection of target area for flood forecasting
and warning is made as follows: taking consideration the

distribution of population and houses, use and productivity of
. . r

land, economic effects upon investment and their regional con-

centration, and topographic featuvres in thp Agno Riveér basin,

as weil as the probability of furecasting and warhing about floods
in the future. This probébility is based upon meteorology,
hydrographical features, frequency of floods and data from paét.

Y

observations.

(1) ‘The entire PangasinanPlain including the major cities
of Dagupan, Lingayen, Bagallon, Sta Barbaba, Bayambang,

and‘Rosales.

{2) The central part of Tarlac Province including the fajor

cities of Tarlac, Garona, Paniqui, and Moncada.
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§—2 The Bicol River

Thi§ basin of—fhié river covers three piéviﬁceé ~==- Camarines
;N@?té}fCaéatines Sur and Alﬁay -— and:thg_éréa admiﬁistrated
is 9,930 k. |

1. Pepulation

The basin hés'a;popﬁlétion.ﬁfxaboutﬁl,8#& thousand. Dénéity
ofrpopulation is about 189 peréons/kmz, whiéh is the second
to Metropolitan Manil;.

The following seven cities haye populétions of more than 50
thousénd._ .
| Legaspi, Albay: 84;1 thousand, Naga, Camarines Sur: 79.8
thousand, JIriga, Camarines Sur:  77.4 thousand, Libménan,-

Camarines Sur: . 62.8 thousand, Ligao,-Albéy: 56.8 thousand.

Bicol River Basin: Summary.of Population Statistics

'Population Population Pop. Pop. _ Pop. Pop.. Literacy
L 1970 Increase Density Projection bDistribu- Rate (%)
Provines - Census {1960 - 70) (per sq.km) 1975 tion (%) 1970
_ . ' (%) Urban Rural
Province - : ) '
Total/hue 1,384{624 © 28.7  189.3 2,057,153  20.30 79.70 . 88.97
Cai : . | L _
.szigi“es 262,207 39.4 . 124,01 - 303,337 25.98 74.02° 92.22
C . . ) - . . P - ) ,
ooe NSS4 968,436 15.7 180.0 994,626  21.08 78.92 = 87,68
Albay 673,981 30.9 264.0 759,190  13.86 86.14  87.02

Source of basic data: Bureau of the Census and Statistics






Cities and Tcﬁns.with 20,000 or More Inhabitants

Cities and Towns P??:;?SiO? Cities and Towns P?é:éig#onf
‘Legaspi, Albay 64,090 Tabaco, Albay g 60?5?2
Naga, . Camarines Sur 79,846,. Daraga Locsin, Albay .58;335
Iriga; Camarines Sur 77,382 Ligao, Albay 56;765
Libﬁaﬁah; Camarines Sur 62,762 H

2. Industry

ﬁgricultur&l indﬁstry is active in the basin. Cultivatibn of palay,; -
corn, vegetébles, root crops, etc. is dominant mainly in the Bicol Plain.
The plain is the granary of the reglons. Other active industrieé’aie,
livestock, ﬁoultry, etc., logging ahnd forestry ﬁainly fof lumber and
logs, coastal fishlng and productlon of marine products centered around

the fishlng ports of Naga and Colobong, [1shponds and fish culture,-

mining, coconut oil production and the chem1ca1 1ndustry.

Economic Information

. Name of Province Cémariﬁes Norte Camarinés Sur -Albay
“"Area (ha) 211,249 526,682 255,257
Income ; ‘ ' S .

' : B5,1 204
(FY1972-73) - R1,644,805 . B4,411,522 '.5’ 40,
Industry Ag?iculture Agriculture ‘ Agriculture

Logging & Logging & Logging &
. Forestry Forestry Forestry
© Fishing Fishing Fishing
Mining Mining &
' Quarrying
. Crop- - ~ Palay, Cofn- Palay, Coconut Palay, Corn,
: ' Abaca, Banaona Abaca, Banana Vegetable,
Coconut Livestock, Rootcrops,
Poulery - Coconuts, Abaca

e e
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Number of Establistments in Bicol River Basin
by Major Industry bDivision

r__ R
Province [Total Manufac- Wholesale {Transport Community |Other
Number of |turing land Retail {Storage Social and|Economic
Establish- Trade Res-fand Com- |Personal |Activi-
ments taurants |munication|Services Jties
- and Hotels ’ .
Camarines| . . 15 IEEPOSREEI
Norte 3,807 - 431 | 2,820 106 : 372 N 8
Camarines o o S s h s ,
Sur 13,:425 1,494 9,727 1,150 802 252
Albay 10,533 | 1,623 | 6,992 | 1,028 706 184

3, Traffic

The. traffic network in the Bicgl river basin is'¢omposeq

maihly of the rbad'sySﬂema and railroéds...The roéd Systeﬁr

includes trank roads'cennecting this region and other

regions, inter-regional sewi-trunk roads and the roads used in

‘daily 1ife. The most important road is mnational highvay.

Ho, 1, which is thé'key_route to the north (mainly ta

Manila), and also serves- érfectively as an iniér—regional

seni-trunk road, connecting the. - main cities vhile

passing through the central'part along the Bicol Valley.

According to the 1975 traffic survey, traffic volume at

main points is aé_foilows: {No. of cars)

Places of comparatively eésy'abéess:'Zoo-hoo/day.

Gities in Albay Proviﬁce (chazpi, Ligao, Oas,

Polangui):200—1,100/day.i;’Citieé in-Camarines Sur

Province (Iriga, Pili, llaga, Nabua): 800~2,400/day.

The railroad plays an important role: in addition to the

highways., Railroads and national roads functiouning as

lifeljines generally ran along, the Bicol Valley, and

cross the nain flood plainé_at sevoral points,
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Existing Bighway KildmetEragés

{As of June 10, 1972)

Name of Proﬁlncé

Camarines Norte

Camarines Sur

Total

_58_

Néticnéx Proyiﬁéial Nafiﬁnél Provineial fgial
Municipal Municipal
and City and City
Earth - 14.58 14,58 10.00 | 622,27 632.27
Macadam 57.03 | 489.63 |546.66 | 75.70 | 723:50 | 799.20
Low type bit 51.20 64,07 115,27 | 135,62 191,74 | 327.36
Righ type bit 20.27 79.78 100.05 71.63 21,91 93.54 .
" Concrete 59.05 | .5.60 | 64.65 | 32,35 14,06 46.41
Misc. & Comb. - = L - ‘ -~ -
Total 187.55 | 653.66 . {841,210 | 325,30 | 1,573,48 [1,898.78
[]
Name of Province Albay
National|Provincial —‘Toﬁal
Hunicipal '
and City
Earth 53.4' 319.23 383.57
Macadam 111.69 | 395.06 506.75
Low type bit 102.60 140,79 243.39
Kigh type bit 97.53 | 78.38 175,91
Concrete ’ 20.31 - 1.98 22.29
Misc. & Comb. 13.37 13.37
Totat 409.84 | 935,44 [1,345.28







I}, Damageo

In the Bicol RiQerr basin, the 'averagé annual’
damage due to flood in the:past is £30 million,
and the aféa danaged reached 580km%. " the -amount 6r-th§
danages in the past 10 years (1966-197%), caused by

typhoon, and tropical cyclone are 1isted below:. .

¥loed Information

Year Name Date Damages Rainfall

1967  Welming .  Nov 1-5  P18,000,000 Daet Cém, Noite
B o 173.5 mm _
1973 | Luming " 0ct 29 B 3,200,000 Daet Canm. Norte

5. Basin Developuent Prdjccts

The govc‘arnme.nt of the Philippines set up 'the 'Bicol: River
Basin Developnent Progran? withthe intention to develox; the dicol
regidn. The region's poténtial for  developaent is
rather high in view of the advanced agriculture and also
‘the various transportation, water résources énd flood control
'projecté.r

Hegional Projects
A..Quirino Highway
B. Logaspi Airport (Package of 5 Airport Projecfs)
¢, Port of Tabaco . (Package of 4 Port Projects)

D. Southern Luzon Flectrification Project, Stages IV & V

&

Tiwi Geothermal Pilet Plant (2-10 MW)






Target Area
The sélection of target arveas for flood forecasting and warning

at this tice is made as follows: raking into consideration_the

‘distribution of population and of houses, utility and product-

"~ ivity of land, economical effects upon investment with regional

coﬁpentration and topographic features in the Bicol rives basin,
as well as the certainty of fpreéastihg and warning about floods
in the future. This certainty is based upon météorology, hydro-
graphical features, frequency of floods and the data of obser-

S

vation so far.

(1) Central part of the basin, from Lake Baso to Lake Bato,

(2) Alluvial plain surrounding Naga city.
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‘53, The Cagayan Hiver

The basins  of this fivex'coiérs seven
.Provincés --~ Cagayan, Isabela, iueva. Vizcaya, Benquet,
‘Tfugao, Mountaiﬁ, Kalinga Apayao wem and its area .adml;.nistrat.e.d .
is kn?. |
1. Population
The basin has a population of aﬁout 2,037
thousand., Dﬁnsity'of_population is about 50 persons/kmz,
Fhich is lowor than in other regions. | _
- Phere are only two cities of more than 50 thousand population:
'_Ilégan, Isabela: 62.1 thousand, Tuquegarao, Cagayan:

52.9 thousand.

Cagayan River Basin: Summary Population Statistics

Population fopulatién . Pop. Pop. Pop. Pop. _ Literacy
. 1970 Increase Density Projection Distribu- Rate (%)
Census {1960 - 69) (per sq.km) 1975 tion (%) -1970
Prov;nce S %) o : ~ Urban Rural
Province ’ . ' - . :

' Total/Ave | 2,036,723 37.4 5;.0 2,377,808 14.35 85.65 72,18
Cagayan 581,237 30.5 64,6 659,316 14.58 85.42 80,75
Kalinga | 4367549 5202 19,3 156,584 8,08 91.92 70.47

Apayao : . . o : .
isabela 648,123 46.6 60.8 768,727 13.39 86,61 81,91
Rueva 221,965  60.7  -31.9 274,868 23.19.76.81 - 80.14

Vizcaya : ; ’ SRR T
Ifugao © 92,487 20.4 36,7 103,398  5.79 94,21 50,62
Mountain 93,112 . 8.4 46,4 105,259 3.59.96.41 61,55
Benguet 263,550 . 43.5 89,3 309,656 31.84 68.16 79,87

Source of basic data; Bureau of the Census and Statistics.
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Citiés and Towas With

50,000 or More

Cities and Towns

Poepulation 1970

iiagén, 1sabela

- Tdguegarao, Cagayan

62,118
52,956

2, Industry.

Although agriculture is the leading induatry, the great

majority of land is uncultivated. Palay, corn, native

tobaéco, and fruits are the main products Erem the limited

‘farmland. In addition, logging and forestry are active,

and the production of 1umber is the second highest in Luzon.

Coastal fishing as well as fishing pon&s and fish culture

industries are found.

—~

Economic Information

Name of Province | - Cagayan Ifugao | Isabela Nueva Vizeaya
“Area {(ha) 900,267 251,673 | 1,066,456 696,107
.Income : - - o -
2 Br9,12 R1,395,6217
(FY1972-73) PB,OSB?ZQBV | 9?},600 9,1.2,962 s 5{_
Industry Agriculture | Agriculture .Ag:icuituré Agriculture
Logging & Fishing Logging & Logging &
Forestry |Mining Forestry Yovestry
' ' Fishing
'Cfoﬁ- Palay,_cdrd RooLCYOpS Palay, Corn,.Palay, Mango,
Legumes, Corn, Tobacco, Pogelo,
Rootcrops, | Vepetable, | Fruits, Jaekfrult,
Vegecables |} Fruits, Mango Vegetable,
Frults, Coconuts, Peanuts, . Potatoes,
Tobacco, | Sugarcane. Tomatoes, | Maguey
ete. Vegetables, )
Sugarcane, Coconuts,
Carabaos, Sugarcane.
‘Hogs. -

[
&
I3

ll







by. Major Industry Divisfon

Nunber of Establishments in Cagayan River Basin

Province

Total

Manuféc—.

Wholesale

Tranépbrt.

3. Traffic

; 01 ; Community |Gther
Number of {turing and Retail |Storage So6¢ial and) Econonic
Establish- - Trade Res-{and Com- |Personal [Activi- -
ments tavrants - Imunication|Services |ties
3 and Hotels : '
Cagagan 9,133 1,549 | 4,519 | 2,457 | ae0 | 148
Ifugao - - C— — - -
Isabela 15,578 748 3,583 583 556 108
Nueva - : : : , _
Vizcaya 3,110 3oz 1,820 607 - 25? 117

The traffic network in the Cagayan River basin is

c0mposed'ma1h1y of the roads. The road system includes

trunk roads connecting this region and other regions,

inter-rogional semi-trunk roads and roads used for daily

life. Thé:Philippines-Japanese Friendship Road is'the

nost importahﬁ trunk road, which is the’key route that links

‘this regiotho the south (mainly to Manila), and also

‘serves c¢ffectively as an inter-xégional: semi-trunk road,

. connecting the main cities vwhile passing through

the central part of the region from north to 50utL, ERE

. The PhilippinesJJapanese-Friendship'Road;functioning as

‘1life line, runs nlong fhe,ngayan'Valley and crosses

the main flood plains at soveral points,
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Existing Highway Kilomcterages
(As of June 30, 1972)

Name of Province A Cagayan _Ifugad .
‘I National Provincial ] Total ~_Ntational Provincial | Total
Huniclpal Muniejipal
and City and City
Earth 6.00 | 260.46 | 246,46 |  99:82| 138,01 | 237.83
Macadan 355.18 | 658,23 [1,013.41 | 163.42|  84.78 | 248.20
low type bit [ 11.31| 51,36 62,67 18.72 1.80 20.52
High type bit - 49,16 45,75 44.91 - -
Concrete 63.40 0.08 { 63.48 0.97 - 0.97.
Misc. & Comb. - - e - — _
Total - 485.05 | 995.88 [1,480,93 | 282.93| 224.59 | s07.52
S ]
Name of Province Isabela o ‘ Nueva Vizcaya
' ) National}Provincial]l Total National Provincial| Total
' Municipal Municipal
|and City and City
Earth - | .s46.30 | s46.30 | 141.20]  95.96 )  237.16
 Macadaw 189.92 [1,191.22 - {1,381.14 176.71)  208.54 [ 385.25
Low type bit 26,88 | - 17.56 44,46 | 20063 7.75 28.38
Bigh type bit 31.66 | 21,37 | s3.03 7.78]  6.60 8.38
_ Concrete 44.63 - 44.63 46.53 0.20 |  46.73
Misc. & Comb. B _ L 70.36 B $70.36
 Total 293.09 [1,776.45 }2,069.54 | 463.21 313.05| 776.26
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-k..pamage
In the Cagayan river baain,'tho average annual
damages due to the floods in the: past ia ¥2.7 million,
“and the-area danaged reached'570kh%. The amounts’of
damage‘ in ﬁhe past lo'years (1966-1975), caused-py-tﬁé.the-

violent typhoons and tropical cyclones, is listed Lelow:

Flood Information

'Year Name. “Pate Baﬁages7 T Rainf311 -
1966  Klaring  May 11~ 22 B 1,400,000  Raxas City |
. : 310.7 om
1967 Trining  Oct 14~ 18 ¥10,000,000  Aparri .
- 273.1 om
" 1968 Huaning - Aug 17~20 B 200,000 - Tuguegarao
: : 178.7 on
1968 = Nitang Sep 24~29 B 150,000  Aparri
| - . 241.3 nm
1969 - Elang Jul 24~ 27 ® 350,000 Cagayan .
: 222.5 mm
1970 Pitang Sep 8-~ 12 P 8,700,000 Tuguegarao
S _ 22.2 win
1973 Luming get 2~9 B 1,200,000 Tuguegarao
- 199.3 mn
T oo -

5. Basin ﬁevelopﬁént ?rbjeétéi

This region has large potential for development, -,

and the gOVanment of the Ihilippines is making an effort toward

progress in the prcgram,'a,part of‘which is now under way.
Regional Projects _

A. Magat River Multi-purpose Project (Irrigation Phase )

B, Cagayan Valley Electrification-Project

G, Matuvno River Project

D. Magat River Project (Power'phasa)
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6.

Target Area

At tﬁis_time, the sélécti&h.ﬁf the target area for flood.forecaéting
and warning is made:as-folldws, in view of the distributioﬁ of
population and houses, and the use:;nd.productivity of lahd in

the Cagayan River basin, as well as meteorology, hydrographic

‘features ana flood frequency.

(1} Areas along the lower coursé, from Tuquepgarao city to Appari.

(2) Alluvial plains along the :river course, from Cattaran to

Apparri.

(3) Alluvial plains along the river course, from Ilagan to

Tumauini.
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TARGET AREA
'CAGAYAN  RIVER

KALINSA
ARAYAC
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IV. Flood Forecasting Procedure

§-1 The Agno River

1.

Hydrographic and Hyetographic Characteristics
(1). Bxisting water stage, runoff. and rainfall ghgingistations{

Water stage and rainfall giging stations of the Agno River basin

.are located throughout the entire basin as shown in Fig. 5.1.

Location and collected data of each station_are‘indicated in

Table 5.1.

(2) Rainfall Data . - .
Table 5.2 indicates the data concerning rainfall which .
seems to have causéd floods in the past 10 yéafs (1967—

1876) at principal points in the Agno river basin.

Selected rainfalls are as follows:

October, 1967
-“August, 1968
-September, 1968
: October; 1968 -

Juty, 1969

August; 1969

September, 1970

Jﬁly,'1972

August, 1972

October, 1973

October, 1974

Ndvémber, 1974,

Séptémber, 1975
‘May, 1976

June, 1976
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(3) Water Stage Data
From the taihféll_data, principal floods in the hgnﬁ

“river are to be selected.

In this connection, the folloﬁing points were seiected
as waler stage telemeteriné stations on the Agno River
' ;ﬁrdugh hydrqlogical and socio-économic sfudy..

Binga Dam |

San Rogque, San Hanuel

Carmeﬁ, ﬁosales

?ibﬁg, Tarlac

Wawa, Bayanbang

Baay-West, Lingayan

‘Due to river improvement, the‘right bank of the Agno River

has become an ‘inner water area, and Poblacion Norte,

Sta. Barbara, is also selected for the flood prevention of

Dagupan, one of the main cities.
The record of water stage s shown in Table 5.3.-
(4) Water Stage - Rainfall Diagram

Fig. 5.2 in the attached sheets indicates rainfall énd_

water stage.
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2. fTravelling Time

The rate of wovement of flood waters was calculated from the

average rate of flow of water, and the estimated travel time of '

. flood waters through sections of the river is shown in the table

below.

Flood Water Travel Time

Section of River .Dis'tance Slope E::gro;oii;zgt iizzgi_w:‘iizz
Binga -Damr-—San-koque {1~ 50 ke 1/100 i N 5‘.0 ufs | 3 hr
San Roque~Carmen 50 1/600' 3.0 5
Carmeh.m Wawa 45 :1)3, 500 1.5 8
Tibac ~- H’a-wa .50 1/1,500 1.3 11
Wawa ~ ‘Ei‘:g;gzi“ 70 1/20,000] 1.0 19
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3. Tributaries t6 be Forecast

3-1. Division of Drainage.
Division of sub-basins must be worked out on the basis
of the distributioﬂ of population and.houses, uge aad

productivity of land, and their regional concéﬁttation.

The selection was made, taking into cbnsiderétion the
probability of forecasting floods in ﬁhé'fﬁture. This
probability is based upon topographiQalhfeatufes, meke-
orology, hydrological features, frequehcy of floods ;nd
past data observations.

- The foilowihg 4 areas were selected.
(i) Left bapk‘of Agno fiver, below San Roque.
(2) Area along the Tarlac river, below Tibag.
(3) Lingayen Area, below Wawa. |

(4) Dugupan Area.

The forecasting poings for the above areas are as folion:
 San Roquée, San Manuel
Carﬁen, Rosales
.Tibag, Tarlaé
Hawa,.ﬁéyambang

Poblaction Norte, Sta. Barbara
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Fig_ TELEMETERING STATION THE AGND RIVER BASIN.
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Telemetering Station

The points indicated in the following table are the telemetering

stations for flood forecasting,

Telemetering for discharge means_thé usual observation of dis-
charge or floods, preparation of stage-discharge rating curves,
and in so doing the cohversion of the observed water stage inta

discharge.

Bamban rainfall telemetring station in the upper reaches of

the Tarlac River will Be established in the future and will ,

serve to forecast not only for the Tarlac River but also for

the Panpanga River.

Agno River Basin: List of Rain Gaging Station:

No. Station Location of Station |River Basin Remarks
1.] Binga Dan Downstream Agno R, Newly constructed
of the Dbm: around the
office
2.1 San Rogue, Right Abutﬁent of Agno'R; Newly éonstructéd
’ S5an Manuel Agno Irrigation System
Intake .
1. Carmeh,. Flood Coatrol System _ Agno.R;
Rosales Office
4, ‘k‘aﬂa, Agno R. 7
Bayambang :
5.] Tibag, Tarlac| On the right bank of Tarlac R. &
Agno Br, ~ !
6.} Pobulaéion Sinocolan R.| "
Norte, Sta. (Dagupan R.)
Barbara
(7)] Bamban . Tarlac R. in. future

._.58 —







Table -

.

Agno River Basini
Gaging Stations

List of the Vater Siage

Scation

deation of Station

River Basin : . Remarks
1. Binga® Dam Agno R, Newly constructed
2. San Rogue, Agno R. Newly constructed
San Manqel .
3. Carmen, Agno R, .
Rosales
4. Wawa, Agno R. The older one was
Bayambang ‘swept away
8. Baay-West, Agno R, Tide
Lingayan ' )
5. Tibag, Tarlac Tarlac R, !
6. Pobulacion . Dagupan R,
Norte, Sta. ,
Barbara
Yable - Agno River Basin: List of the bischarge Gaging
Station
‘No. Station® |{Location of Station |River Basin Remarks
2. San Rogué, Agno R.
San Manuel
3. | Cavmen, Agno R.
Rosales
4. wéwa, Bayambang Agno R,
5. | Tibag; Tarlac Tarlac R,







5. Hunoff and Flood Houting Hodel
Fig. 5-3 shows the runoff and flood routing model of the
#igno River, which has been worked out on the basis of the results

of tributaries to be forecast.
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Fig-5-3  FLOOD FORECASTING MODEL ' d

The Agno River Basin
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6. Storm Surge Model

6»1.1Baay-wést IFiingayen station

Forecasting at Baay-west L1ngayen, can be v1ehed througn
two methods —-- flood time prediction and high tide predlctlon.

(1) Flood time

Since watef stage.of Baay-West,.Lingayen,is affécted
by flood water, a considerable differenée is inevitablehetweeﬁthe
measured water level and the calculaied astrononical tide level of

Iingayon'culf. Consequently, correction must be made according to

the differvnce between the actually measured wiater level apd tﬁe

calculated water level,

]
Wawa : LA
. v - [l
water level : !
. /////? oo :
, o Peak is expected to appear.
S ___i ... @around this point
e |
_{fﬁzﬁf{ N Calculated tide level
4____4h“_t;:H,Vm,ff‘:in Lingayen Gulf -

(2) High tide
Storm surge formmla for tide in Lingayen Gulf: .
ah = a (1,013 - P) + b.ve
Where, P is atmospheric proessure {mb)-
V'is:win& velocity {n/s)
'5) The course of typhoons, wind velocity and minimun

atmospheric pressure can be forecast from existing data,
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b) Forecast of the maximum deviation

Baay-west, Lingyen

~--" ~Lingayen gulf

Vihere, oh, is amount of increased water level éuring a flood

1
ah is deviation

Ahaisﬁiiif fe-rence in water level between Baay~-west aﬁd Wawa
7 Ah&! = (Wawa W.L.) ~ {Baay-west Vi.L.) -
' However, when 4h,, bécomes minus, a back current occurs, .
Theréfore,in forecasting the water level of Wawa - Bayanmbang
~ a roview must be made in connection with 4h,.

+

The maximum wind: velocity and the lowest atmosphei‘ic pressure data

are available at Dagupan'Synoptic Station, or any nearby observatory.

7. Flood .forecééf;i.i-lg me:thod |

7-1. San Roque, Sén Manuel point

(l).Averagefbasin rainfal? (daily rainfall)
~The arii:hmetic mé;m nethod is applied to Binga dam rainfall

(R)) and San Roque, San Manuel, rainfall (R,).

(2) Spill of Binga dam (average daily discharge )
The amount of Binga dam discharge is converted inlo rainfall

A

d(3pl'.ha -

- 63—






R=QX86.4 X /A (o)

Where, Q is the spill - {m3/s)

A is the Binga dam drainage area .- 936 kam

(3) Tank model method

IR R

The modol as shown in the sketch is an explanation
of tho tank model mothod. If, rainfall: (R +[R) , storage
P Xn, outflow: Y, .: infiltvation: Z%ny
4times of Xn is ¥, and Btimes is (e

Outflow amount Yn = &X,

Infiltratie-m&n = A Xn

Discharge amount @ = Y, X A2/86.l}

Aa: San Roque, Sa_n Manuel, drainage arca ‘ 1,225l{rn_a

Storage Xn minus distﬁharge ¥, and Lnfiltmtibnzn bcoomes
3 1
resiual X n*
] — - 7_. 1
X=X = Y, ~ 8
When rainfall (R + lR)n+1 at the tine point (n+l) is
added to this residual X".n,' storage~is X,,) at.the time point

(n+l) .

Xppy = X'y ¥ (R # IR)MI

~ G4 _






In_the tank model method, the traveling time of flow in the

chanﬁel'is exclﬁded, So forecasting 1s performed by shifting
the calculated outflow amount at the calculated time point forwawnd,

-Praveling time is inferted from actual measured results,

(4) Analysis of constants and adjustment of the actual measured values.

o Analfsis coﬁgiants &.and_ﬁ ;;;'dé£;£ﬁ£ﬁéd frgm:oﬁservgé-Aatatz

throughutfialrresulis. lHoweVer, adjustﬁent‘of.predicted,vaiues during

forecasting.js.donc ﬁy deﬁerTining the correction coefficieht ¥ for

residual downstream rajnfail R, and inserting the-product~_ﬁif:om

the fhilowing formula, | R | | o
Caldulatéd discﬁifgc (1) - Actual observed discharge (u2)

¥ = : Actual observed discharge (u2)
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7-2. Carmon, Rosales point
(1) Average basin rainfall (daily rainfall)
the arithmetic ‘mean method is applied to San Roque,

San Hanqel,(nl} and Carmen._Rosales,(Ra) rainfalils.

R, + R
R = . 2 (mm)
_2

(8) Discharge at San Roque, San Manuel
The discharge is converted into rainfall depth Y.
(3) Tank model .method
The ca'lculati.on-,method is 't:he.same.as for San Rogque, S';a;l Manuel;:

q =¥ X A5/86;a'

45 : Carmén,Rosales, drainage area , 2,209kh2

1

{4) #Analysis of cohétants:and adjustrent of the
Qctual-obServed;valﬁes"

This:is.aiso thoﬁéame as for San Roque, San Manuel.",

7-3. Tibag, Tarlac point.

(1} Average basin rainfall (daily rainfall).

Ralnfall at leag, Tarlac, reprosentﬂ thc ba51n rainfall; llovwever,
when Lanban teleneterlng station is eatab11Qhed in tze futurc,
the arithwetlc mean method will be app]ted |

| (2) Tank model method

The cal¢ulation nethod is the same as for

San Roque, ban Hanuol.

Ah‘ Tibég; Tarlae, Point drainage area 8?2kﬁ3
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{3) Aamlysis of constants and adjustment of the
actunl observed values

This is also the same as for B5an Roque, San Manuel,

?~4. Wawa, Bayambang,point

(1) Average basin rainfall (daily rainfall)

The arithunetic meaﬁ nethod is applied to Tibag, Tarlac,
.rainfall (Rl); Carmen, Rosales, rainfall (Ra) and Wawa, Bayanbang,

rainfall (Ri)'

R, + R, + R,
5

(2} Residual downstream outflow amount (q,)

R = (mm/qay).

Q, = RX A/86.4 (n'/s)
Aq: Residual drainage area (kma).
4,196 ~ 872 ~ 2,209 = 1,115 ky°
(3) Inflow amount {Q) |
Q.t Tibag, Tarlac, outflow (ms/s)
Qo Carien, Rosales,outflow (m3/s)
Q,: Residual drainage arca oﬁtflow'(mé/s)
(4} Flood adjustment calculation(retarding rundff)
Generally,
Int Inflow amount at time n (m3/s)‘
. Outflow amount at time n (m3/s)
Onn
Vﬁ:iTotal storage amount at time,'h'(mﬁfﬂ)

~At: Time difference between timo n and time n+l {sco)
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_ Since'(avéragé iﬁflow)xat,: (average outhOw)x At
+ (storage difforence before and after At), i At is.
shortenecd enoughxm: that there is no largo errvor in the assumed
variations ofi“ I and O duringai, .

I+ I

(.__31_._2_. h*l) At = (Qn Qm-l) AL + (vn+1 -V

Where, ;n and In+1 are glready known,

Iy +.Igil - 1, -
2 T *(n, ntl) A
Qn | * Qn+1
I( . n#l) at - Qn At + (Vn + S5 t) = (Vn+l+ 5 £)

and is calculated as,
, e .
$=V+-5 AL, = aat,

Where, the value of @, is calculated with @ = ¢ XJ2gah X B
Ah: vater level difference (m)

C: discharge coefficient

B: iver width (n)

When conversgion is made into water level, calculation

is performed by the least square meth(:-d‘usi.ng formula, Q=AH" + BH + C, where:

Q is the calculated discharge and H is the actual measured value.

?~5. PoblaC1on ilorte, Sta Barbara point

{1) Average basin rainfall
Poblacion Norte, Sta Barbara rainfall (R) represents the basin _

rainfall,
{2) Inflow amount

Q=R XA /86 4 (n/s)

At Dagupan river drainage arca 180km

5
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{3) Retarding runoff
" The method is tho same as that for Vawa-Bayanbang,
provided the discharge amount (0) is determined from the

félloﬁing formula,

0= cJ2g Ui <TH)

H, = H;

Hy = Hy g *eb

Ah = o/ A' X 10°

‘Where, le Inundated area W.L,

A: Daguvan river inundated area (kmz)

Ha: Calculated tide level in Lingayen Gulf
dowever, the application of the tank model methed may be
required when the effecis:of downstrean ‘tide level can

be disregarded and discharge.can be observed.
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‘744 Verification of the Flood Forecasting ;(e!:hod

1) Tank Hodel-:\nalyéis i

The (;.,oristants for the tank model being studied at pres_en_t. are
as [ollows. Thel‘:tesults of calculal:ion. for verification using .

these constants are-shown in the follewlng diagré.

| o
I, % - .

Tank Model Constants:at "Forecaating Points -

| Forecasting Point & o, Notesﬁ
San Roqﬁe : .
San Manuel 0.0 .. 6.75

' 'Carmen, Rosales . '0.0'-‘5' 025

Tibag, 'i_‘arlac

Poblaciion Norte; .
Sta. Barbara
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§-2. The Bicol River

1. Hydrographic and Hyetographic Characteristics

(1) Existing water stage, discharge and rainfall felemetering
stations.
Exisfing water étage, discharge and rainfall telemeté;iﬁg
stat?ous:in thg Bicol River basin are shown in thg f0110wiﬁg diagram

and'tébles.

(2} Data of rainfall
- bata of rainféll available at the main rain gagé

stations are shown in Fig. .

(3) bata of water stage
The following table shows the water level recorded at

main stations including forecastihg poinfs on the Bicol River.

(4) Hydrographic and Hyetographic Characteristics
The next figures on the attached sheets ‘indicate the water

étage and rainfall cdrves during majOr'floods baséd on the records.
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2. Ttavalling Time

The rate of movement.of flood waters was calculated from .the

average rate of flow of water, and the estimated travei.time'oi

flood waters through sections of the river is shown in the table

below.

Flood Hater Travel Time

l o : .| rate of Flood | Flood Water
Secsion of River. Distance Slope Water Movement | Travel Time
Poblacion Bato km 1. , wls . hr
~ Onbao Bula 17 18,000 0.4 '12
Oubao. Bula 1 o g -
~ Mabulo 20 7,000 0.6 ?
Mabulo , u*_j;___ ' .
~ Cuyari ’ 0 38,000 0.3 2%
Sipocot 1 3 )
~Cuyari 28 8,000 0.6 13

3.'Tributaries to bo Fofecésﬁi

3-1, Division of sub-basins

~ Division of sub-béSins is worked out as illustrated

in Eig. ' taklng the target areas 1nto conoideratlon.

The Iorecasting points are as, follows

Pobulacion, Bato
Ombao, Bula
V_Canaligan,ﬂéga

Sipocot

Also, for forecasting high tides in San Miguel bay, actual

tide moaaurementq .are

perforimed at Cuyapi, L1bmanan._
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L. Télemotéring station

The following tables indicate .the telemetering stations

for forecasting floods on the Bical River. '

Bicol River Basin:List of Raln CGaging. Station .

+

Statiﬁn

Location of Station | River Basin Remarks
- T
1. | Ligao. Bicol R, Newly constructed
2, | Pobulaction,Bato “Bicol R. - "
3, | Buni Bicol R. "
4. | Ombao, Bula Bicol R. - "
" 5. | Ocampo Bi(‘;o.l R, n
6. éamaligan, Naga Bicol R, "
7. | cuyapi, Bicol R. "
T Libmanan :
8. { Sipocot Sipocot R, !
9. Napdiidan; Lupi - Sipocot R.







Bicel River Basiﬁ:
Gaging station

List of the Water Stage

No. Station Location of Station | River Basin Remarks
2. Pobu[acioﬁ, Bato, Bicol R.
3, | Bubhi Bicol R. ~
4, | Gmbao, Bula. Bicol R.
6. | Camaligan, Naga Bicol R. Transferred from-
PNR Br. of
MabuLQ
7.1 Cuyapi, Bicol R. Tide .
Libmanan
8.| Sipocot Sipocot R.
9.| Napolidan, Lupi Sipocot R,
Bicol River Basin: [Idist of the bischarge Gaging
Station '
No. Station. Location of Station| River Basin Reaarks
9. | Napelidan, -Sipocot R.~ ]
Lupi
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5. Runoff and Flood Routing Model

The following figuve represents the runoff and flood routing

vodel for the Bicol Rivér, which has been worked out on the basis

of the results of the study of the tributaries to be forecast.

Cuyapi,
Libmanan

9

;i Lake Bato

3

p Gmbao, Imla

6

8 () Camaliganﬁﬂagh.

D Sipocot

FLOOD FORECASTING MODEL

LEGEND:

D>
)

Flood ForeCastihg
Pnt. : :

cal, pnt.
Rain Run-off

Reservoir.Routing






6. Stori surge model
- 6=, Cuyépi Libnmanan point

Phis is the same as in the case of Baay-west, Lingayen.

of the Agno river,

6-2. Canaligan, Naga point
(1) Average residual basin rainfall .

The avithmetic mean method is applied to GMbao, Bula,

rainfall (R;) and Camaligan, Haga,rainfall (R,).

R, + R
R = i

2 - .
'(2) Correlation ofithe'ﬂamaligan yater 1e§el fram residual

at!

drainage rainfall, and the Gubao, DBula, water 1evpl.--

Average residual drainago rainfall

‘Actual measured
water level at

Ombac
i sh ‘
. et £727M . Water level forccast
' . E\\\ ; : at Cauxaligan
Actual measured ) , N .
water level at L. SN
Camaligan R Y
’ -t R
. .
. Jah. Deviation
~ -

~

in case of high tide, the watexr level forecast is determincd

taking the deviation into consideration.
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7. Flood forecasting nethod
?-1. Pobulacion,Bate, point
‘ (1) Averéﬁe ﬁasin rainfall
The a:rithnetié-mean method is applied Lo Ligao réinfall
(Rl) and Pobulacion Bato, rainfall t(Ra); . .
R, * R,

R
R= 2

(2). Correlation betwaen the average basin rainfall

and lake Bato water level.

Lake Bato.
water level

Average basin  rainfall (mm)

(3) Fstimation of Llake Bato: discharge
The tank nodel method is applied. Analysis of consiants
is inferred from tho actual - rneasured water level,

H;/é

Q= 1.8XBX . That is, Q = 1.8 X f(B>’'2),

L 24
Y
Q
Laka
Bato
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7~2. Ombao, Bula poinﬁ

(1) Estimation of Buhi dLscharge

The same méthod as iﬁke.Bﬂtq is applied.

(2} Bstimation of traveling time

A traveling tino éf constant value is eétimated in the
dischérgo anount at lake Bato ang Inke Buhi..

(3) Average basin rainfall
Ombao, Bula,rainfall (R, )

Pobulacion, Bato, rainfall (R.)

Buhi rainfgll (Rj) - A\ )
Ocanporainfall (Rq)
Ry + R, + Ry + R,
R = I

(4) Estimatibn'.of-residual basin discﬁarge '
Q= R X A/8G.4 (m3/s)
A: Inundated area (kn%)

7(5).0mbao'inflow amount

.+ Iake Bato- discharge amount (mB/s)

9

il .
Q: Residual  basin  outflow amount (m>/s) .
Q= Qg (Ty) + g (1) + 9

(6) Fbreéasting of Ombao water lovel

. 7
: Ieke Buhi discharge amount (n”’/s)

Ooutflow,

. .
Lake Iake ' s ’.//' j Average rosidual
Bato + Buhi //’ //' basin rainfall '
e

——- Forecanting water lovol

Actual - C
water . . Verification chook

level .







7-3. ¥lood forecasting at Sipocot point

(1) Average basin rainfall
The arithmétic mean method is applied to ilapolidan, Lupi .
rainfall (Rl) and Sipocot rainfall (R,).

R, + R ,
R = 12-—*—2- (rm)

(2) Correlation between rainfall and wateér level

Sipocot

X : ; ..a\
vater level Max., =

S
,//’/‘ - fverage
/,/’(///' y _ TActuzl result
//ux

Average basin rainfall






7-4. Flood Fovecasting Method

The method used at each flood forecasting point is shown in

"the folloﬁing table.

g Flood Forecasting Point Flood Forecasting Method

{ e : Combination of tank model and
i Poblacton Bato . model of water reduction in

{ ' i a lake. P
S —— 4
: ‘ " ¢ Pormula iadicating relation-

; Ombao Bula . ship with the Poblacion Bato

i ‘water level. ' :

= — i
; : Formula indicating relation-

i Camaligan Nago . ghip with the Ombao Bula

i . water level.

I

Sipocot © Tank model. ;

i

The flood forecasting method at each point is shown below.

{1) Poblacion Bato

v 4
Cutflow model T o
A ot Ao = 0.1
' A, = 0.1
¥ - -
T - = 0.6
« i
4 = 60 m

Model of water reduction in a lake
H = 0.0354 - 0,151
H: Amount of reduction in lake water level (m)

H: Lake {water) level

_A8/_






(Z)IZOmBao Buié
'Hé = l.22?ﬁi'vl3.8g Coefficient of correlation = 0.990
HZ: Water leﬁel at Oﬁbao Bula (m) |
Hy: ;W.;:l.tet_‘ levf;i at Poblacioﬁ Bato on"the_ ﬁrevio‘us day (m)
(3) Camaligan Nago | |
'nz = o.séé Hy + 0.1 Coefficient of correlation = 0.828
Hot Water level at.CamaIigan Nago
Hj: Water level at Ombao Bula on the previous day
(4) Sipocot

Qutflow model

~—.-8.8.,_
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3—5. The Cagayan Riﬁerl
1, Hydrographic ‘and Hyetographic Characteristlcs
{1) Existing water stage and ralnfdll teleneterlng statlons.
Existing watep\s?age and rainfall telemetorlng stat;ons
in the.Cagayan river basin are shown in the diagram and

taile below,

(2) Hainfall sata
‘The following table indicates the rainfall data available

at the main stations in the Cagayan basin.

(3) vYater Stage mata
The following table shows the records of flood wdtef levels

at the mdin'stétions in the Cagayan'basiﬂ.

(4) H?drographic and Hyetogfaphic Characteristics
The water level and rainfall curves during major floods are

-shown on the following sheets.
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2, Travelling Time
The rate of movement of flood waters was calculated_from phe '
average rate of flow of water, and the estimated travel time of

flood waters through sections of the river is shown in the table

below.
Flood Water Travel Time
' k ! i Rate of:Fiéod [ ¥lood Water
Section pf Biver Distance ! Slope !Hater Movement | Travel Time
Pangal ~ Tumauini | 90 kn "1/1,000 B 5.4 o/ 5 hr
* Tunauini~Tuguegarao. 50 1/3,500 3.4 4 i
: i
Tuguegataoa-Aparri © 110 ' 1/6,500 2.0 _ 15 !
. : H

3, Triﬁutaries to'ﬁé forécast
Division of sub-basin is made in 4 blocks, taking
into céhsidéf&tibn thé target area which extends from 1angal
to the eétuary.-The blqcks are shown in thé fgild&ing Figure,
.The foreéaéﬁing points .are as fdlldws.‘
Pangal |
Oscariz‘dam
Tumauwini

Tuguegarao

-~ 100~
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4+ Telenctering stations

The-folldwihg:telenetering stations are gelected

for flood forecasting.

Cagayan River BasintList of Rain Gauging Station

Location of Station

~ 102

Ho Station River Basin Remarks
1. Fangal Cagayan R. Newly constructed
2. { CGscariz bam Matio R. "
3. Tumauini Cagayan R. "
4. { Tupuegarao Capayan R. "
Cagayan River Basin List of the Water Level
Gauging Station
‘—uv————-l—-—————-—_ —‘_—_V. e ——— e —_—— e S e SR
No. Stationl Location of Station | River Basin Remarks
1. | Pangal Cagayan R,
2. Oscariz Dam Matio R,
3. | Tuwauini Cagayah R. | Newly constructed
4. | Tuguegarao Cagayan R.







5, Runoff and flood routing nodol

This modél was  worked out on the basis of ‘correlation

between rainfall and water level at the respective_points.

The Cagayan River Basin

- Pangal
Rainfall

L

Pangal
Water level

Pangal .
- - average
Oscariz Rainfall

Tumauianil

L_J |

;‘,__ _ | O3cariz Dam Oscariz Dam
, Hater level Water level

Tumauini Water level

Pangal

Oscariz Average | .

Tupauini Rainfall

Tuguegarao

Mean

- -

v__
Tuguegarao
Water level

FLOOD FORECASTING MODEL
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6. Storm surge model

In the Cagayan river basin, storm surge probably can be

dieregaﬁded. therefore no study is made,

- 104 -






	Cover
	Title Page
	CONTENTS
	I. Summary
	II. Hydrological Characteristics
	§ - 1 The Agno River
	1. Geomorphology
	2. Climate
	3. Precipitation
	4. Flood and Storm Surge
	5. River Training Works
	6. Gaging Stations

	§ - 2 The Bicol River
	1. Geomorphology
	2. Climate
	3. Precipitation
	4. Flood and Storm Surge
	5. River Training Works
	6. Gaging Stations

	§ - 3 The Cagayan River
	1. Geomorphology
	2. Climate
	3. Precipitation
	4. Flood and Storm Surge
	5. River Training Works
	6. Gaging Stations


	III. Socio-Economic Characteristics
	§ - 1 The Agno River
	1. Population
	2. Industry
	3. Traffic
	4. Damage
	5. Basin Development Projects
	6. Target Area

	§ - 2 The Bicol River
	1. Population
	2. Industry
	3. Traffic
	4. Damage
	5. Basin Development Projects
	6. Target Area

	§ - 3 The Cagayan River
	1. Population
	2. Industry
	3. Traffic
	4. Damage
	5. Basin Development Projects
	6. Target Area


	IV. Flood Forecasting Procedure
	§ - 1 The Agno River
	1. Hydrographic and Hyetographic Characteristics
	2. Travelling Time
	3. Tributaries to be Forecast
	4. Telemetering Station
	5. Run-off and Flood Routing Model
	6. Storm Surge Model
	7. Flood Forecasting Method

	§ - 2 The Bicol River
	1. Hydrographic and Hyetographic Characteristics
	2. Travelling Time
	3. Tributaries to be Forecast
	4. Telemetering Station
	5. Run-off and Flood Routing Model
	6. Storm Surge Model
	7. Flood Forecasting Method

	§ - 3 The Cagayan River
	1. Hydrographic and Hyetographic Characteristics
	2. Travelling Time
	3. Tributaries to be Forecast
	4. Telemetering Station
	5. Run-off and Flood Routing Model
	6. Storm Surge Model



