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MAIN REPORT PART I MASTER PLAN

PRINCIPAL CONCLUSIONS

1. STUDY OBJECTIVES

The. objectives ‘of the Study as stipulated in the Implementation
Arrangement of the Technical Cooperation between the Japan Internatlonal
Gooperation ‘Agency (JICA) and Department of Public Works and Highways (DPWH)
of the Government of the Philippines are :

1) To formulate a Master Plan for fleood control in the. Agno River

“Basin and identify the priority areas.

L2 To conduct a re331b111ty Study on the flood control projects in the

identlfled priority areas

Tﬁis‘Parthl‘of'Méih Report présents~&1l‘the results of the Master Plan,

2. TEE siﬁDY AREA

{1) The Master Plan Study Area covers three river systems and ‘the vast
alluvzal plain called the Pangas;nan pl&ln in’ the western part of Central
" Luzon. - The Study Area’s draln&ge area totaling about 7,640 km2, broken down
‘into’ 5, 907" X2 for the Agno River basin, 1, 115 km2 for the Pantal-Sinocalan
River, and 618 km2 for the Cayanga <Patalan River Aggregates ‘of the Pantal-
'A81nocalan and Cayanga Patalan Rivers ‘are. called ‘together as the Allied

Rivers.

The Master Plan Study Area straddle 9 prov1nces of the four Regions,
_TIlocos {Region I),‘ Cordillera Autonomoua Region (CAR), bagayan Valley
(Reglon II), and Central Luzon {Region III) ‘These are. Benguet, La Union
Pangasinan. Ifugao, Nueva Vizcaya. _Nueva Ecija, Pampanga, Tarlac, and

:Zambgles.
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(2y The maximum inundation area in the Master Plan is estimated'to be 2,465
m?, largely covering the cultivated lands in the flood plains of the Agno
River and the Allied Rivers in'PangéSinan'and Tarlac,

3. MASTER PLAN

3.1 Definition of Master Plan

(1) The Master Plan is composed of two stage plans; the Framewdrk Plan and

the Long Term Plan.- The Framework Plan is defined as an ideal portrait of

flood control plan which is to be achieved 'in the unspecified future. The

Long Term Plan is defined as an stage'development plan of the Ftamework

Plan, the completion target year of which is set at the year 2010 (26 year -

long term plan).

(2) The flood control target of the Framework Plan is set at a 100-year
probable flood for the Main Agno River and -the Tarlac;ﬁifer_and.at a SQ—fear
probable flood. for the other tributaries of Agno and the Allied Rivers. 'The
flood control target of the Long Term Plan is set at a feasible scale during

a project life of 50 years starting construction from 1995,
{3) Rivers subject to the study are :

Agno River: ¢ Main stream, Tarlac, Amﬁayoan, ?iray—pipalo,

Banila, Camiling

Allied Rivers : The main streamaof CayhngéLPatalén. Bued;
Aloragat; Angalacan, S '
The main stream of Pantal-Sinocalan,

Tagamusing, Maééiang.lIﬁéalera,'ﬁagupah

(4) The study focuses on the flood control -plan "but -also 'stﬁdies the -
sediment control at a conceptual level only.  The ‘flcod férecasting and -

warning system is studied as a part of the nonstructural measures.



3.2 Framework Plan

(1) The Framework Plan of the Agno River and its tributary the Tarlac River
is composed of river improvemente (stretch of 146.4 km), the Poponto
floodway and natural retarding basin, and the Morionés«O’Donﬁel_dam. Length
0f<Ehanﬁel'iﬁpfovements including short cuts and length of dikes in both
banks aré'135.9 km‘ahdA258;l km, respectively. The flood control effect of
the San Roque dam (design was. completed) is taken into account in the plan.
The prdject economic cost is estimated to be 13,682 million pesos at 1989
price level. The principal features of the works are presented at the back

of these sheets (refer to the general plan).

(2)"For the foﬁr Agno River tributaries, Camiling, Banila, Vi;ay;Dipalo and
-Ambéyo&n;'the case ‘of sole river improvement is adopted as the Framework
Plan. ~ The -economic project cost ‘is estimated to be 1,925 million pesos at
'1689 :price lévéliu'THE‘prinCiﬁal features of the works are presented at the

“back of these sheets.

(3 A ‘cdmbinatioh of river improvement and the Binalonan floédway is
: adapted as thefFismewo;k'Plan for -the Allied Rivers. The project economic
costs of the Pantal-Sinocalan. River and the Cayanga-Patalan River_‘are
estimated to be 2,553 million pesos and 1,246 million pesos respectively at
lggg”ﬁfiCe léyel.-'Thg principal features of the works are‘presented at the

back of these sheets.
3.3 ;iong Térmf?léul

(1) : The flood control scale and the financial project costs of ihe'proﬁbséd

. Long Term Plan are as follows :

- . , Financial ,
" 'River/Region ~ Flood Control  Projéct Cost  EIRR

' " Scale (million pesos) (I)
Agnéfkiféf_anﬁ7Tarlac‘River "ZSAyéar flood 11,048 16.6
~ _Agno River Tributaries © 25-year - flood 1,640 " 15.5
Alliied Rivers " 10-year £lood . 3,286 33.8
_ Whole Study Area . 15,974 20.5
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(2) Although the Moriones - O’Donnell dam  is included in. the proposéd
Framework Plan, it is excluded from the Long Teim Plgn because of the
expected issues of the land stquisitlon and resettlement in the veservoir
areas. The reservoir areas are occupied by about 1,600 families, an

agricultural land of about 40 kmZ (refer to the general plan).

{3) The proposed Long Term Plan (lofyear flood) for the Allied Rivers is.
désigned without the Binalonan floodway but takes into account the design
flood distribution of the Framework Plan with.the Binalonan floodway (50-

year flood).
3.4 Implementation Schedule of Long Term Plan

The total preoject  cost ‘of the Long Term Plan is esiimated to be 15,974
million pesos at 1989 constant price level. Since the amount of pdblic
funds required‘for the flood control works is very high if it is compared
with the present level (some 0.5% of GRDP), a. longer implemenfation schedule
is fbrmﬁlated as an alternative. In this program'theihong Term Plan can be.
achieved by the end of vear 2020 with the public fund.aliocation of ébout
1.0%7 of Gross Regional Domestic Product (GRDP) of“théASt&dy Area,

3.5 Flood Forecasting and Warning System (FFWS)

(1) The FPWS Framework Plan aims to up-grade the existihg ARG {Agno,
'Bicoland -Cagayan Rivers) system and to achieve an intégrated nation wide
flood forecasting and warning system which Ffulfills the following

objectives:

iy FFWS for resident’s protection from flood ipci&entA
ii) FFWS for flood operation
iii) PFWS for basinwide flood management

(2) The proposed FFWS Framework Plan is composed of the system components
listed below : -

i) Hydrological observation network system

ii) Telemetering network system

iii) Flood forecasting system
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iv) Flood warning network system

v) Monitoring system for flood operation

The total cost of ‘the integrated FFWS in the Agno River basin is
estimated at 796 million pescs at 1989 price level,

(3) The FFWS Long Term Plan is formulated as a part of a stagewise
development plan which finelly aims to set up the FFWS integrated system

planning as the Framework Plan. Its objective is

i) To improve the flood forecasting accuracy of the forecasting

poiﬁte:in:the existing Agno River FFWS.

ii) To carry out the effective flood warning activity in the Study

Area,

The total prOJect c¢ost of the FIWS Long Term Plan is estlmated .at- 281
millien-pesqs at 1989 price level., ~ The economic internal rate of return is

expected to be 28.9Z.
3.6 Sabo Works

(1) The average natural sedlment .yield of the mountainous areas ‘is
iest;mated ta be about 7,800 m3lkm21year Nelther $abo works, afforestation
nor legal sedlment control alone ¢an control this large smount of sediment
'yield.w Sabo Framework Plan is formulated as a part of sediment control,
assuming that the’ sediment control plan will be’ proceeded in the future as
-describedjbelow : '

aj Afforestation
':Flfty percent of the sediment yleid in the mountainous sreas will
_be mltigated by a{forestatlonlreforestatlon.
) . Sediment due to mine talllngs, land slide and soil erosion due to

'read censtruction will be totally controlled.
'(2) The Sabo Framework Plan is- fermulated for. the pro;ect life of 20 years

assumlng that the €XCess sedlment yield ‘will be all stored inslde the Sabo

T dam rese:yoirs, The'required_number of Sabo dams are 32 in addition to the
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San Roque dam and the Moriones - o'Donnell dam. The Total construction cost

is estimated at about 2.6 billion pesops at 1989 priée level,

(3) If the project 1life is set at 50 years an additional 72 dams will be
required each approximately 25m high, It ig'recomménded'to proceed with
afforestationfreforestation simultaneously with Sabo dam construction

instead of proceeding with Sabo dam construction only,"
3.7 Identification of Priority Projects

(1) In ‘the Master Plan the Upper Agno River and Pantal-Sinocalan River are
identified as the Priority Project Areas subject to the Feasibility Study
taking account of economic efficiency and regional significance of flood

control.

A, Upper Agno River ; Béyambanglstretch with Poponto retarding
basin (AG180) to the San Manuel stretch"
(AG473); the streteh of '69 km between the -
Wawa bridge and the San RdQue,biidge-in
the Upper Agno River. )

B. Pantal-Sinocalan River ; River mouth to the dﬁsfreén&-toi protéct
Dagupan city and ﬁdwns of Calasiso and
‘Santa Barbara; the d@wﬁéﬁré&m stretch of
'27.5 km of the mainstream, 19.5 km of ‘the
Dagupan River and 10.7 km of the inga;éta

River.
(2) Priority Projects are a Sﬁép to the Long Term .Plén. with the . £lood
protection level of 10-year design flood, ' o ' '
4, INITIAL ENVIRONMENTAL EXAMINATION
(1) Among the proposed schemes of the Framework Plah;“fﬂe‘SaanGQué”dém
(assumed as existing), the Moriohes—b‘annéil7dam,-pfoﬁiéi@n?bf”new dikes ~ -

and the extension of Poponto retarding basin may " have. éﬁviruﬁﬁantélly

significant impacts, such as resettlemeént problems 'and endrogchmenti'of-
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ggricultural lands. Thus, the most careful attention shall be paid to those

prospective socio-economic impacts.

(2) As for the other environmental parameters, no significant environmental
‘effects may be expected by both the Framework Plan and Long Term Plan.
However, some natural environmental impacts having low or medium level of
“significance may be expected. Further environmental study shall, therefore,
be .réQQired po_‘visuaiize the expected impacts, and to find proper and

-possible countermeasures.

5. RECOMMENDATTON -

(1) The Long Term Plan is hiéhly justifiaﬁle-eéonomically with sufficient

EIRR. The project’s financial costs are :

(price level on June 1989)

c Financial
River/Region Flood Control Projéct Cost  EIRR
) ) ) Scale {million pesos) {I)
Agno River and”Taflac River Zﬁ-yéar f;bod 11,048 .. 16.6
Agno River Trlbutarles  25-year flood 1,640 ~ 15.5
Allied Rlvers ‘ . 10:year flood 3,286 '33.8
_'thle'stﬁdyfhrea : o 15?974 . 20.5

" The Long Term Plan is récomm&nded fo'be;impleméﬁied'ﬁifh the target
“éomﬁissidn yéarJZOZO. The fotal prOJect cost is estlmated to be 15,974

‘millien pesos at 1989 constant prlce ievel.

(2) ”if the Stﬁdf Aféa's‘fléod coﬁirol éﬁcceéds'in containing  damages with
‘implementation'of the propesed Long Term Plan,_the'basin ebonoﬁy of
Pangasinan and Tarlac ‘will betome more productlve. Flood protection allows
- the basln economy of Pangaslnan and Tarlac to ach1eve its . potent;al &nd
: this, In turn. ma?es 1t p0331b1e for the prov1nce ‘to set a faster growth for
the Region. “The regional economy will “then ba able to meet, and perhaps

even exceed, the pro;ected GRDP’ growth
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PRINCIPAL FEATURES OF FLOOD CONTROL WORKS

1. FRAMEWORK PLAW
1.1 Project Economic Cost

‘Unit : Million Pesos {price level on June 1989)

. Agno River including Tarlac 13,682
. Agno Tributaries ' :
Camiling River ' 451
Banila River 1,023
Viray-Dipalo River 278
Ambayoan River o173
. Pantal-Sinocalan River ' 2,553
. Cayanga-Patalan River o 1,246

. Total 19,4086

1.2 Design Flood Distribution

. Agno River including Tarlac, 100-year flood (;efer te Figure 15.2.3)

River mouth 13,800 m3/seéc
Wawa bridge 11,200 ‘m3/sec
Confluence with Tarlac River 2,600 m3/sec
Alcala
for Poponto floodway 8,2db1m3lsgc
for Bayambang stretch 1,000 m3/sec
Ambayoan ‘ 6,400 m3/sec

. Agno Tributaries, 50-year flood (refer to Figure 15.2.3)
Camiling River'(qonfluénce with Agno) _1;750:m3lsec
Banila River'(confiuence with Agno) - - - l}éOO‘hgfsec

\Viray;Dipalo River (confluence with Agno) 750 m3/sec
Ambayoan River (confluence with Agno) 1,750 m3/sec

. Pantal-Sinocalarn River, 50-year flood (refer to*FiguréQioﬁz.Z)
Main stream (river mouth) . _ ' 2,900 m3/sec
Dagipan River (confluence with‘Péﬁtﬁl) 2,700 m3/sec
Ingalera River {confluence ﬁith_éiuocalan) 600 m3/sec
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1.3

(1)

. Cay&ﬁga-P&talanlﬁiver, 50 year flood (refer to Figure 10.2.2)

Main stream (river mouth) 3,100 m3/sec
Bued River (confluence with Cayanga) 1,300 m3fsec
Anglacan River (with Binalonan floodway) 1,250 m3/sec

Flood Control Works and Work Quantities

Agno River

lRiver-Improvemeﬁt Works and Flood Control Dam

Agno Main  Tarlac

f) Flood control dam - 1

. -Agno
.. Flood Control Works Stream " River Tribgtaries
a) Length of‘River.Improvement'(km} 109.4 37.0 79.7
b) Chahnél improvement :
.'Includlng Short Cut (km) 99.9 37,0 71.5
¢) Diking System Includlng Back
- Water Stretch,_both banks {km) 201.3 56.8 127.1
. new dikes - (87.0) ( 1.3) {90.1)
. heightening = (98,5} (45.3) (12.8)
.'éxistipg ' _ (15.8) (10.0) ' (24.2)
_d):Diainage Facilities o ' 18- 2 26
e) Bridge Reconeructlon : 5. 3 14

iMcriones-O’Dbnnell dam})

Work ‘Quantities

"Mdin - Tarlac

S _ . Agno
“Items ' . Unit Agno River Tributaries

Excavation 1,000m3 28,875 4,300 2,083
“'Dredging - -1,000m3 17,075 0 0
- Embankment’ 1,000m3" 20,370 1,355 3,370
' Revetment \ . 1,000m2. . 588 - g 190
Groin . - : - Tpe. 958 244 1,070
- Drainage facllaty : © Pe. .38 2 26
Bridge . ' . Pe. 3 14
‘Intake fac11ity o ' ‘Pe, 0 4
Flood control dam : " Nos. 0 ‘1 g
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(2)

Allied Riwvers

River Improvement Works

Pantal-Sirocalan

, : ' Cayanga~-Patalan
Flood Control Works River .River
a) Length of River Improvement (km) “142.2 77.0
b) Channel Improvement 131.7 72.3
Including Short Cut (km)
¢) Diking System Including Back
Water Stretch (km) 246.3 99,9
d) Drainage Facilities 41 22
e) Bridge Reconstruction 24 g

Work Quantities

Pantal-Sinocalan

Cayéhgaf?étﬁlan

Items Unit River © River
Excavation 1,000m3 5,712 2,361
Dredging 1,000m3 - 38 440
Embankment 1,000m3 6,515 1,773
Revetment 1.000m2 470 . 194
Groin § - Pc. 754 © 1,095
Drainage facility Pc. 41 22
Bridge Pc. 24 9
Intake facility PC. 4 Ry
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2. LOMG TERM PLAN
2.1 Project Cost aid EIRR

{price level on June 1989)

- - Project
River/Regilon - Flood Control Financial Cost EIRR
Scale (million pesos) (1)
Agno River and’ Tarlac River  25-year flood 11,048 15.6
. Lower Agno River ' 6,296
.. Poponto’ Stretch 1,127
. Upper Agno River ‘ 2,204
. Tarlac River ' 1,421
Aéno'River ?;ibutaries ‘25-year flood 1,640 . 15.5
.=Camiling River - 387
- Banila River - 774
. Vlray Dipalo River = - 300
. Ambayoan Rlver ' 179
Allied Rivers = 10-year flood - 3,286  33.8
_. Pantal-Sinccalan River . 2,160
.. Cayanga-Patalan River ‘1,126
‘Whole Study Area - 15,974  20.5

2.2 Design Flood Distribution

. Agno River 1nc1ud1ng Tarlac, 25-year f£lood (refer to- Fxgure 15, 2 4

'Rlver mouth : : - 10,100 m3 [sec -
_ Wawa- brldge . : ,QIQQD m3/sec
. qufiﬁéﬁté with Tarlac Rivér . -2,666]531380
Alcala ‘
for Pdpﬁnto floodway _ 5;260 m3fséc
A-”for-Bayémbang stretch - _ 600 m3/sec
x‘.Aﬁbayoaﬁ iy . ':ll ' : 3;800'm3lseé

Agno Tributarles. ‘57yehr'flood'(féfe “to Figure 15.2.4)
_ Camillng River (confluence with' Agno} 1,650 m3/sec
'Banila River. (conflience with Agno) © 1,000 m3/sec
'Viray Dipalo River (confluence w1th Agnb) .550 m3iéec

: Ambayoaﬁ:River_(éonfluénce.ﬁith Agno) 1,350 m3/sec
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(1)

. Pantal-Sincocalan River, 10-year flood (refer to Flgure 10.3.1)

Main stream (river mouth)

Dagupsn River (confluence with Pantal)

2,000 m3/sec
1,850 m3/sec

Ingalera River (confluence with Sinocalan) 360 m3/sec

. Cayanga-Patalan River, 10-year flood (refer to Figure 10.3.1)

Main stream (river mouth)

1,500 m3{gec

Bued River (confluence with Cayanga) 750 m¥{sec
Anglacan River (with Binalonan floodway) = 400 m3/sec
2.3 Jmprovement Works and Work Qﬁ&ntitiés
Agno River
River Improvement Works
: Agno Main  Tarlac  Agno
Flood Control Works Stream = River Tributaries
a) Length of River Improvement
Including Poponto Floodway and : .
Short Cut (km) 109.4 37.0 79.7
b) Channel Improvement :
Including Poponto Floodway and ' _ :
" Short Cut (km) _ 99.9 .37.0 71.5
c) Diking System Including Back . ] o
Water Stretch (km) 201.3 . 56.8 126.7
. new dikes  (km) . 68.5 " 1.3 - 88.7.
. heightening (lm) 98.6 " 45.5 13.4
‘ . existing  (km) 342 S 10.0° 24.6
d) Drainage Facilities 18 -2 26
e) Bridge Reconstruction 5, 3. 14
Work Quantities
_ ‘Main. Tarlac Agno
Ttems Unit Agno - River Tributaries
Excavation 1,000m3 24,673 4,300 1,200 -
Dredging 1,000m3 13,027 0 0
Embankment 1,000m3 15,269 1,355 2,581
Revetment 1,000m2 514 96 190
Groin . Pc. 958 244 1,070
Drainage facility _ “Pe. 18 2 26
Bridge Pc. 5 "3 ‘14
Fixed welr- - Pc. 1 RLE 0
Intake facility ' Pc. o 0 4 -
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{2) Allied Rivers

River Improvement Works

Pantal-Sinocalan

Cayanga-Patalan

Flood Control ‘Works River River
a) Length of River Improvement (km) 129.6 77.0
‘c) Channel Improvement
Including Short Cut (km) 119.1 72.3
"d) Diking System Including Back
Water Stretch (km) 210.2 99.7
. new dikes (km) 206.4 99,7
. heightening {(km) 3.8 -
" existing ' (km) - -
e) Drainage ‘Facilities 39 22
g) Bridge Reconstruction 22 9

Work Quantities

“Pantal-Sinocalan

Cayanga-Patalan

‘Items Unit . River River
_ Excavation " 1,000m3 4,216 1842
‘Dredging © 1,000m3 - 38 260
‘Embankment .- . 1,000m3 4,012 718
.Revetment 1,000m2 373 193
. Groin. . " Pe. 952 1,095
. Drainage facility Pec. 39 22
‘Bridge - Pc. 22 9
Thtake facility . - Pc., 4 0
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1. INTRODUCTION
1.1 Objective of the Study

The Government of the Republic of the Philippines (GOP) has been making
‘efforts for providing various kinds of flood control measures which are
prerequisite.td the economic-develoﬁment of the country. In spite of their
efforts, however,-fiood damages have not'been relieved - completely. due to
insufficient provisions of facilities and progressive damage to the existing

facilities.

Among the major rivers of the country, GOP places high priority to the
implementation of the urgent rehabilitation and improﬁement:works for flood
control faciiities in the Agro River and the Allied River basins. In
response to GoP’s request the Government of Japan (GOJ) decided to conduct
the study of the Agno River Basin. Flood Control (the study) and entrusted
the Study to the J&pan_lnternational Cooperation Apency (JICA).

"The objectives of the Study as stipulated in the Implemedting
Arrangement on the Technical Cooperation between JICA and the Department  of

Public Works and Highways (DPWH) are:

1) To formulate a Master Plan for f£lood control “in the Agno River

- Basin and identify the priority areas.

- .'2) To conduct a Feasibility Study on the flood contrbl'projects'in the

‘identified priority areas.
1.2 Background of the Study

- The Pangésinan plain is’ endowed with water resources which are
essentidl' for -sﬁstaining the ’regionfs'_human aétivihies. . However, "the
effects of seasonal variation of réinfall c&@se adverse economic dislocation
'at,thefnational gnd:regionalﬂleﬁels.- In particular, frequent recurrence of
”floods; which'&ré cau3ed bj‘typhcons'or-trdpical'storms;~h&s Been.inflicting
serious”damages;LO'crops,;properties'and lives of inhabitants almost every
‘year. Infline:withfthe?national and regional dévelopmeﬁt'goals,‘it'has been

'neCognized-fquitef—impartént t0‘3acéelerate_ various protective measures for

-1 .



relieving the inhabitants from damages -to crops, properties and -public

facilities, and risk to their lives.

The Agno River basin and the Allied River basins are located in the
western part of Central Luzon as shown in Figure 2.1.1. The Agno River has
a catchment area of 5,910 ¥m? and is the fifth largest river in the
Philippines, while the Allied ‘River basins have a total catchment area of
1,730 m?. These basins and the adjacent Pampanga River basin cover a large
part of -the country's ‘granary areas. This is one of the reasons why this
area is regarded as one of the most important areas where flood control

should be given priority attention.

It 4is -estimated that a total area of 150,000 ha .to 250,000 ha
(depending -on the flood's scale) is susceptible to inundation  in -the
provinces of Pangasinan, Tarlac and Nueva Ecija in consequence of :floods
from the said river system. '~ The population in- this flood-prone. area is
estimated to be about 1.5 million. The Agno River basin experienced large
floods in 1935, 1936, 1937, 1938, 1943, 1950, 1960, 1968, 1972, 1980, 1984,
1985, and 1986. ‘The 1935 flood recorded the largest inundation area but had
no damage record. 'The flood of. 1972, the second largest record, inundated
more than 807 of the flood-prone area mentioned above. The damages incurred

by this flood amounted to B 2 billion in Central Luzon.

The floods which occurred in September 1984 (typhoon Maring) and June
1986 (typhoon Gading) destroyed the existing earth dikes and bank protection
structures over stretches of several kilometers, with estimated structural
démages of about ® 64 million. The flood in 1986 inundated-dn area of about
200,000 ha and the damages caused by this flood amounted to about B 134
million. It was reported that 69 people lost their lives in the -Agno River
basin due to floods and typhoons in the five-year period from 1982 to 1986. .
This frequent recurrence of floods and. insufficient protective.measures thus

seriously hinders the economic developmeﬁt of the project-area.

GOP started the implementation of flood proteétioh.méasureé'iﬁ the Agno
River in 1938. Based on the study conducted by the defunct Bureau'of'Public
Works (BPW) in: 1959, GOP carried out. basic flood control measures such as
"straightening the river .courses.and Coﬂstrugting:ehfth dikes in the Agno

River basin. Some of these structures, however, had been damagednand*the
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dikes had been bredched or collapsed -in many sections by: rapid currents

during the high flow periods.

At present, the -Apno River basin and the Allied River basins are
extensively utilized for irrigation and human settlement, making it now more
suéCeptible to flood damages in economic terms. Urgent rehabilitation and
" improvement of the existing flood control facilities, including
reconstruction and improvement of damaged dikes and augmentation of channel

capacity and retarding basin, are of primary necessity.

Previously, the Nationwide Food Control Plan and River Dredging Program
prepared in 1982 established "the basic flood control plans for the major

rivers of the Philippines including the Agno River.
1.3 Contents of the Report

‘The study outputs 'have been compiléd in two parts; Part-1 for the
Master Plan and Part-2Z for the Feasibility Study. Each part is comprised of
a main report and a supporting report. The main report presents all the
'studj results while the supporting report describes the details of the
respective sectoral studies. A summary report briefs both the Master Plan
and Feasibiiitj'Study. A data book compiles the supporting data to these

reports. The composition of the supporting report is as follows:

Sector Part-1 Part-2
' Master Plan Feasibility Study

SE Socio-Economy *

X

~HY - Hydrology : * *
GL Geology - * *
'LF TLiquefaction Study out of scope ®
'SR Seismic Resistance Study  out of scope *
.8V Survey * *
FD - Flood Damage * *
SD  Sediment Control Plan ® *
RV ‘River Improvement Plan * *
‘DM Dam and Retarding Basin Plan * *
FF Flood Forecasting and Warning System= * *
DS Design of Structures * *
CP - Construction Plan and Cost Estimates * ®
EI  Environmental Impact Assessment * *




The first half of this report, Chapters 2 - 7, summarizes the outputs
of the basic sectoral studies which are required. for the master plan
formulation. The latter half, Chapters 8 - 14, presents the Master Plan and
its evaluation including an initial environmental examination. Chapter 15
describes the modification of a part of the Master Plan and the background

to why such a modification was required.
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2. THE STUDY ARFA -
2.3 River Basins in the Study Area

The Study Area located in the western part of the Gentral Luzon covers
the Agno River Basin and the Allied River Basins as delineated in Figure
2.1.1.. The Study Area's drainage area totals about 7,640 k2 divided into
5,810 kmz.in the Agno-River Basin and 1,730 km? in the Allied River Basins.

The Agno River: having ‘a length of about 275 km is the fifth largest
river in the Philippineé. The river originates at a point 55 km north-east
of Bagnio City and flows down the southern slopes of the Cordillera central
mduntains;. It flows in:a southerly course ‘to Tayung where it veers
southwest throwgh Villasis and Ea?ambang into Poponto swamp.- It then flows
northeast, skirting-ﬁhe eastern slopes of the Zambales mountains and empties
inte the Lingayen:Gulf. Its majdr tributaries are the Tarlac, Camiling,

Ambayoan, Viray-Dipalo and Banila Rivers.

-The Allied Rivers, consisting of ‘s group of two medium: size ‘river
‘systems, drain the runoff of the vast alluvial plain called the Panpasinan
plain into the'Lingayen Gulf. The drainage area of fhe;Pantal~Sinoca1an
River is.l,lls km2 (in01udiﬁg'the Dagupan River).while that of the Cayanga-
Patalan River is 618 km? (including the Bued River).

‘These river basins provide an economic basis'for.fairly:diversified
_agriCuitural production, mainly paddy and fish culture. However, their full

potential cannot be exploited owing to recurrent damaging floods.

The water resources of -the Agno River have been developed for power
generation and irrigation purposes. ' There are two existing hydropower dams
‘on the'upstream reaéhes,_namely the Ambuklaoc dam commissioned in December

1956 and the Blnga dam" comm1551oned in January 1960.

‘Theré ‘are two éxisting irfig&tibn'intékes'aldﬁg the Agno River. One is
the diveféion weir for irrigating the Agno River Irrigation System (ARIS),
 1ocated 7 'km north of ‘San’ Manuel ‘or just 3 km downstream of the proposed
"site for the San Roque multlpurpose dam project, and the otheér -is the
-headwork for the ‘Lower Agno Rlver_ Irrigation System (LARIS), located

downstream of Sénta_M@ria.
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ARIS was designed to irrigate an area of 18,500 ha in the Pangasinan
province, though it has experienced a decrease in irrigateable area to
11,100 ha due to the decrease in the flow capacity of the canal system
caused by heavy siltation of sandy deposits from the upstream stretches.

LARIS was designed to irrigate some 8,000 ha.

The San Reque multipurpose dam project will involve constructing a £ill
dam 210 m in height (43 milliocn m3 of embankment volume) .for power
generation (390 MW}, irrigation (70,800 ha), water quality contreol and flood
control. Thé river drains an area of 1,250 km? at the proposed dam site
where the -annual mean runoff is estimated at 84.5 m3/sec. ' The feasibility
study of the project was completed in 1979 and its detailed engineering
design was completed in 1982. The Ralog-Balog dam in Tarlac province is

under construction.

In the Agno River basin, a flood forecasting and warning system was

established in 1982 as a non-structural measure to mitigate-flood damages.

2.2 Socio-Economic Conditions in the Study Area.

Administrative Region in the Study Area

 The Study Area straddles mnine provinces in Jlocos (Region TI);
Cordillera Autonomous Region (CAR), Cagayan Valley (Region IXI) and
Central Luzon (Region 111}, These are Benguet, ‘La Union, Pangasinan,
Tfugao, Nueva Vizcayé, Nueva Ecija, Pampanga, Tarlac and Zambales -as

set out below:

Region ~ Province

I : Benguet, La Unioﬁ,_Pangasinan

11 : - Ifugao, Nueva Viscaya s AR
11X : Nueva Ecija, Pampanga, Tarlac, Zambales

‘It"covers 83 out of the 189 municipalities 'in the 9 provinces as

distributed below:
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Number of Municipalities Number of MuﬂlClpﬂlltleS

Province in the Province in the Study Area
Benguet . 14 g
La Union-. - _ 20 - - 3
Pangasinan 48 - 40
ILfugao 7 .3
Nueva Vizcaya 15 S 2
Nueva Ecija - 32 5
Pampanga . - 22 : 1
Tarlac 17 15
 Zambales ' 14 5
A 189 : 83

. The reglons, prov1nces, cities and mun1c1pallt1es covered by the Study

Area are shown in Flgure 2.2.1.

" $ocin~-Economic Profile

The socio-economic profile of the Study Area is summarized in Table
2.2.1. The porulﬁtion in the Study Area increased from 1.72 million in 1970
to 2. Ob m1111on in 1980 with an average growth rate of 1.75% per year during

.thlS 10- year perlod

.This fate is similar to that of Regién.lﬁ(l}fOZ)'but éignificaﬁtly
lower than those of Regioﬁ It (2.732), Region IIT (2.887) and the whole
country (2.757). This lower growtﬂ rate.in the'Study Area“(hereinaftér
called the Area} may indicate that net out»mlgratlon was high in the ‘Area
from 1970 to 1980. The populatlon in the Area was estlmated at 2.324

million in 1087.

The pobhl&tion density.in the Area was about’ 268 persons/kmZ in 1980
which. was higher than the average'denSity of 160 persons/km? for the whole
cbuntry. -The-most densely populated municipalities with cultivated
agricuituraliland are located in the flood plain of the Agno River and the
Allied Rivers in Pangasinan and Tarlac.

'The'ufban-papulatidn in the Area, as defined by the National Statistics
Office, was 529;000 in 1980 accounting for 26% of the total population.

This was lower than:the country’s overall urbanization rate,
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The workihg age population (15 yeaxs old and above) in the Area was
1.242 million or 60.7% of the total population in 1980, similar to the
country’s figure of 60.2%. Labor force 1n the Area totaled 694,000 persons
or 55.9% of the working age population. This was lower than the country’s
59,82 indicating that on a per capita basis there were [fewer economically

active persons in the Area than the national average.

The number of employed persons in the Area increased from 670,600 in
1980 to 800,000 in 1987. In 1987, the agriculture sector absorbed 405,000
workers or 50.67 of the total empioyment compared to 535.17 in 1980. ‘During
the same period, the service sector increased its share of total employment
from 29.8%7 in 1980 to 34.32 in 1987. The employment share of the induétry
sector remained at 15.1%. Although mainly agricultural based, the structure
of the Area’'s economy is shifting gradually towards a service sector
oriented one. In 1987, the Area accounted for 4.1Z  0£ the country’s
agricultural workers, 4.0Z of the country's industrial workers, and 3.5% of

the country’s service sector workers.

InA.1987, the Gross Regional Domestic Product (GRDP} of the Arxea
amounted to P17, 500 million at current prlces, accounting for 2 52 of the
country’s GDP. 1In real terms, the local economy grew at an average of 2. 952
per year during the period 1980 to 1987 while the national economy grew at a
slower rate of 0. 442 per year during the same period. Per capita GRDP of
the Area in 1987 was estimated at P7,539 comparatlvaly lower than the

national average per capita GDP of P12,300.

The population‘in the Area is projected by NEDA to be 2.450 million in
1690, 2.658 million in 1995, 2.857 million in 2000, 3.035 million in 2005,
and 3.181 million in 2010. The corresponding average annual growth rates

are 1.77%, 1.64%, 1.45%, 1.222 and 0.95%,
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3. PROFILE OF AGNQO RIVER AND ‘ALLTIED RIVERS
3.1 Present River Conditions
3.1.1 River Systems

The Study Area is divided into three river systems; Agno River System
(C.A.=5,9807 kmZ2), ‘Pantal-Sinocalan River Sysfem (C.A.=1,115 km2) and
GCayanga-Patalan River System (C.A.=618 kmZ). The location map 'is shown in
Figure 2.1.1. The river system diagram is shown in Figure :3,1.1.

3.1.2 Chammel Conditions

The general features of. the river channels of the Agno River main

stream, its major tributaries, and the ‘Allied Rivers are  described as

follows::

N _ River Low Water <Channel . River Bed
River = -Stretch width ‘width depth - Slope

: o - (m) - (m) - {m) o
Agno {(Mouth-Tarlac) 4,000-1,500 550-100 8.0-4.0 1/7,000-1,850
(Parlac:-ARIS dam) 2,400-450 - "350- 75 5.5-3.0 1/1,650- 200

Tarlac - (8km Us,-Tarlac city) 1,500-600 S50- 60 . 3.5-2.5 141,200~ 750
Ambayoan(Ds.endekm Us.) : 450-150 75- 60 2.5-1.5 - 1/200- - 150
Viray-Dipalo(Ds-.end-8km Us.)  450-250 120- 60  4.0-3.0  1/400- 250
Banila (Ds.end-30km Us.) 120- 30 120~ 25 ° 4.0-1.5 - 1/850- 100
‘Camiling(Camiling-Mayantoc) 120~ 50 120- 50 6.0-5.0 1/2,000- 250
Pantal-Sinocalan-Tagamusing 300~ 35 160- 10 7.0-1.5 1/1,750- 70
Cayanga-Patalan-Angalacan 300- 35 170- 206 6.0-2,0 1/1,300- 140

: Nété . 'Ds. : Downstream

Us, : Upstream

Thellongitudinal'profilés?énd typical cross-sections of the éxisting
‘yiver channéls- are presented. for ‘the Agno River; Tarlac River, Ambayoan
 River,. and ‘Viray-Dipalo “River in :Figures 3.1.2, 3.1.3, 3.1.4, ‘and 3.1.5

péspectively.
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3.1.3 Historic Transformation of the River Course and River Bed

The historic transformation of the Agno River course is illustrated din

Figure3.1.6.

As for the main stream of Agnoe River, the river stretch between San
Roque and the confluence of the Virﬁy—Dipalo River forms an alluvial fan and
a Yraided river course. Downstream: of the confluence of the Viray-Dipalo
River, bfaiding and/or meandering river courses and dlternating bars are.
actively developed. In the lower reaches from the Bayambang railway bridge,
the main stream of the river course meanders about. As shown in Figure
3.1.6, straight river channels are found only in short~st£etches near the
river mouth and in part of the improved short-cut channels. Thus, from a
viewpoint of  river. morphology, the lower reaches of the Agno River are

classified as a type of meandering river stretch.

The . Tarlac River is also a meandering river with devéloped sand bars.
In the lower reaches between the inlet (TA200) to the Poponto swamp and the
confluence with the Agno River, river improvement works have not been done
and flood water diverts naturally into the swamp. while river improveﬁent

works were done in the upstream stretches from TA200.

The ‘river bed fluctuation of the main Agno and the Tarlac is'analyzed
by using the hydrological data at water-level 'gauging stations. The river
stretch of the main Agne at Bayambang located about 10 km-.upstream of the
confluence with the Tarlac River has experienced degradation of river -bed

for the past 10 years.
3.1.4 Carrying Capacity

_ The present river discharge capacity is estimated by a non-uniform £low
calculation. The estimated capacity of the Agno main'stream and its~majdr

tributaries is illustrated in Figure 3.1.7,

There is no dike in the 40 kim section on the left. bank from the ‘mouth
of the Agno River. The bankfull capacity of the stretch .is éstimated to be
about equivalent to the peak flood discharge with a 1 to.-2"year return’

period, while the carrying capacity of the river stretch near the river
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mouth is in the ovder of the peak'flood'discharge with & 2-3 year return

peried.

The average discharge carrying capaclty of the -dike stretch is
estimated ‘equal to the peak flood discharge with a 10-year return period.
However, the carrying capacity fluctuates ‘along the Iength of the river.
Especially, the river stretch in Bayambang near the confluence of the Tarlac
Riﬁer“and the Carmen bridge stretch are hydraulic bottle-neck points, where
the carrying capacity is estimated to be equal to the peak flood discharge

with a 5 year return period.

For the Allied Rivers, no'significént river improvement works had been
undertaken to 'incréase the flow capacity of the channels. Therefore, the
diécharge carrying capacity depends on the ground level on both sides of the
river. The area along the Sinocalan River from Santa Barbara to Calasiao is
regularly inundated by the river overflow due to the. shortage of flow
capacity. Also, inundation due to local drainage problems annually occurred

in the area.
3.2 Existing River Control Facilities and Structures

Exiéting facilities for flood contyol in the Agno and Allied Rivers are
earth and concrete dikes, groins, revetments and diversion channels. The
major river control facilities and structures are summarized in Table 3.2.1

and their locations are shown in Figure 3.1.8.
Diking systems are one of the most progressive flood control facilities

in the Agno"Rivér. The lengthe of existing dikes of the major rivers are

summarized below:
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Length of diking system (km)

River Stretch Right bank Left bank
Apno River
Main Agno River mouth-Bayambang
(50km Upstream) 40,50 16,30
Bayambang-ARIS Dam
~ (99km Upstream) 47.80 28.80
Ambayoan Confluence-8.7km Upstream 0.00 3.50
Viray-Dipalo Confluence-8.5km Upstream ' 5.70 7.40
Viray River stretch (L=3.9km) 3.30 7.00
Dipalo River stretch (L.=8.1lkm) 0.00 6.00
Banila Confluence-30.9km" Upstream o 0.00 9.30
Tarlac Confluence-TARIS Dam o
(37.0km Upstream) ' 29,60 25.50
Camiling Confluence-Mayantoc
(20.8kmn Upstream) : 0,00 . 0.00
- Total _ _ 126.90 97.80
Allied Rivers .
Cayanga-Patalan River mouth-37.5km Upstream 0.00 . 0.00
Tributaries 0.00 0.00
Panto-Sinocalan River mouth-49.4km Upstream S 250 ©1.30
Tributary 0.00 0.00
Total - 2.50 _ 1.30

3.3 Previous River Control Works

As early as the 1930's the Govermment of the Philippines started a
flood control‘study on the Pampanga and'Agno'River basins. Due'to'hgbituai
flooding in the Agno River basin in the 1930's, constructiocn of an earthdike
" was commenced in the downstream reaches of the Agno River in 1938. By 1960,
construction of an earthdike of 100km in- length, improvement works of 65km
of river channels and 10km of revetment were completed. Tables 3.3.1. and
3.3.2 show the completed river contrel projects between 1968 and 1988,.aﬁd
the work gquantities and construction costs since 1972 respectively.

3.4 On-going River Control Works and the Five-Year Program

The Major flood control plans under which river improvement works are
being executed in the Agno River comprise: '
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(1) Master Plan of Agne Flood Control System
(2) Five-year DPWH Infrastructure Program
(3) Regular Infrastructure Program

(%) Rehabilitation Program

Despite these plans, a master plan with overall and long~term goals on
the Agno River basin has not yet been established. It might De said at
present that these plans mainly focus on rehabilitation and maintenance
works of existing river facilities.

According to the Five-Year DPWH Infrastructure Program (1989-1993), 22
on-going river control works are planned in the Agno Rivers. Almost all of
these projects are small-scale works to be implemented urgently, and mainly
consist of bank protection works.

The proposed projeéts in the Five-Year DPFWH Infrastructure Program are
listed in Table 3.4.1.
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. ,Table 3.2.1 . EXISTING RIVER CONTROL FACILITIES

o o 0 B 0 i 0 2 7 A 7 e 8 o 4.0 0 54 58 8 e e P R £ 8 e £ o P P £ 8 4 1 8 P P

PROJECT _ EARTH-  REVEY./  CUT-OFF CHANNEL REMARKS
: DIKE GRAVITY JRIVER IMPV'T.  {Construction of
: WALL {1963-88) Earthdike, 1968-88)
(km) .. (km) {(km) {km)

2 0 G By Gt R A8 Ak U D Rt D o o R 0 R 0 T e e R Bk i R e i D B bt B e

I. AGKO RIVER LONTROL PROJECT
' (UPPER REACHES) o ' :
Payarbang-Baby Dike Section: 0.98 (R) - - 0.95 -

Bayambang-Villasis Earthdike Section 18.37 (R) 1:89 - -
Villasis-Asingan Earthdike Section 12.00 {R)  0.40 - 12,00
Asingan-Sn. Hanuel Earthdike Section ~ 17.40 (R) 2.20 - 17,50
Anulid-Bautista Earthdike Section 5.80 (L) - - - 5.80
Anulid-Poponto Earthdike/Flood Hay .4.67 {L) - 1.02 km{Spiltway) 467
o : “6.03 (R) - 10.85 ' 46,03
Alcala-Sto. Tomas Dike Section 7,20 (L) 473 0.99 1.02
Rosales-Lagasit Dike Sectien 4.00 {L)y 1.20 - -
Lagasit-5ta. Maria Section 12.06-(L) - -
Sta. Maria-Tayug Section . - L) - -
{LOWER REACHES) : :
L ingaven-Urbiztondo-Bayambang - 40.50 (R) K - LT 8,50
Bugallon-Labrador Earth Sectien 0.53 {L): - - - 0.53
Bugallon-Aguilar Earthdike:Section 13BN . = - CUHL3E
Cupang Parailel Earthdike Section N 0 - S Z.05
e 1.84 (R) - - “1.88.
Sobol Paraliel Earthdike Section © 1.60 {L) - - 1.60
_ 1.80 (R) - - g ‘1,80
2. AFMBAYOAN RIVER CORTROL PROJECY . 2.50. (L) o= - 2.50
3. VIRAY-O1PALO RIVER CONTROL PROJECT 14.44 (L) - 8.80 S 14,44
_ R 9.00 (R) - - 9.00
4. TOTOROGEN RIVER CONTROL PROJECT o 2BE0(L4R) - T - BN 1
5. BARILA RIVER -CONTROL PROJECT -6.33 (L) - - 9.33
6. TARLAC RIVER CONTROL PROJECT 22.54 (L) 3.00 B P 22,54
_ o : 25,00 (R) 462 R S
7. O'DONNELL RIVER CONTAOL PROJECT B X 1) B - S B
8. MORIOMES RIVER CONTROL PROJECT - - - -
9, BATACAH RIVER CONTROL PROJECT . S 0.36 - S Co-
10, 0LO RIVER COMTROL PROJECY 3.45 - - _ 3.45
" 11. BAYAOAS RIVER CONTROL PROJECY - - - -
12. BEI RIVER COMTROL PROJECT - 0.85 - .84 -
13, PANTAL RIVER CORTROL PRAJECT - - : - 0.85
14. CAYANGA RIVER CONTROL- PROJECT - 1.10 (R} - _ -
' : : 0.80 {R) - -
15, BUED RIVER CONTROL PROJECT . - 3.69 (R) - -

16.° ANGALACAN RIVER CONTROL PROJECT - - - _ - -
17. ALORAGAT RIVER CONTROL PROJECT - - - .
_18. PANTO RIVER CONTROL PROJECT _ e
19. MARUSAY RIVER CONTROL PROJECT ' 2.50 (R) - : '1.60 2.50

- 20, S{HOCALAH-R'I'VE_R "COHTﬂUL'_PRU‘_]ECT 1,26 R _ - 1,26
2l '_T._AGAHUS'ING RIVER CONTROL PROJECT - 0.78(L+R) - -
- 22. MITURA RIVER CONTROL PROJECT_ - ' - o 0.22(R) -

----------------------------------------------------------------------------------------------------------

‘Mate : R : Right Bank, L : Left Bank
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Table 3.3.1 LIST OF COMPLETED RIVER CONTROL PROJECTS 1968-1988
(EARTHDIKF/CUT-OFF CHANNEL/RYVER IMPROVEMENT WORKS) (1/2)

________________________________________________________________________________________________

PROVECT LOCATION YEAR REMARKS
1 STO.TOMAS EARTHDIKE - Sta; 3.000-10.662 1968
- : S ‘Sta. 9.550- 9,745 1973 (Raising)
: R Sta. 10,380-11.360 1973 (-ditto-)
2 ASINGAN-SAN MANUEL EARTHDIKE Sta. 18.200-23,220 - 1978
(SETBACK LEVEE) Sta. 23.220-25,700 1982
3 VILLASIS-ASINGAN SETBANK Sta. 0.000-12.000 1973774
4 BAYAMBANG BABY DIKE Sta. 19.400-20.383 1980/81
5 STA.MARIA-TAYYG EARTHDIKE Sta. 0.000-12,000 - - 1975776
& ALCALA EARTHOIKE © ISta. 10,662-11.680 1972
7 ALCALA CUT-OFF CHANNEL “Sta.  0.000- 0.992 © 1981
8 POPONT SNANP FLOODWAY(SPILLNAY) Sta. 0.000-.1.020 1977
S ANULID-POPONT PILOT CHANNEL Sta. 0.000- 7.000 S 1978
10 ANULID-POPONT RIGHT EARTHDIKE Sta. 0.000- 4.780 1975/76
' Sta. 4.780- 5.840 1983
_ “Sta., 5,840~ 6.025 1984
11 ANULID-POPONT LEFT EARTHBIKE Sta. 11,000-13.500 1975/76
Sta. 13.500-15.390 1978/79
Sta. 15.390-15.674 1988
12 ANULED-BAUTISTA EARTHDIKE Sta.. 0.600- 4.920 1975/76
_ Sta. 5,120~ 5,800 . 1978
13 ROSARIO-LINGAYEN EARTHDIKE "Sta. 32.000-40.500 1973774 -
14 AGUILAR-BUGALLON EARTHDIKE Sta. 0.000-11.355 1976477
15 SOBOL PARALLEL EARTHDIKE Sta. 0.000- 1.600(L) 1979
: -Sta.” 0.000-1.800(R) 1979
16 CUPANG PARALLEL EARTHDIKE Sta. 0.000- 2,050 1980/81
Sta. 0.000- 1.840 1980/81
17 BUGALLON-LABRADOR EARTHDIKE Sta. 11.500-12.025 1979/80
18 AMBAYOAN EARTHDIKE Sta. 3.000- 3.400 1877778
19 VIRAY-DEPALO EARTHDIKE Sta.(-}3.000-5.000(R) " 1975/78
L _ Sta.(-)2.840-6.930 1975776
20 VIRAY-DEPALO PILOY CHANNEL ) ~Sta. 0,000- 6.800 1980
21 SN.QUINTIN EARTHDIKE(UEPALO R.) “Sta.{-)3.340.(-)8.620(L)  1979/80
22 SH.QUINTIN PILOT CHANMEL Sta.(-)3.340-(-)%.340 © 1980

_-_-___u-q»___uh___-------»--------a-------n----“-__-“---h--q--_--a-_-—u---—---,---- ____________
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Table 3.3.1 LIST OF COMPLETED RIVER CONTROL PROJECTS 1968-1988 i
' (EARTHDIKE/CUT-OFF CHANNEL/RIVER IMPROVEMENT WORKS) (2/2)

________________________________________________________________________________________________

PROJECT _ LOCATION YEAR REMARKS
‘23 TOTONOGEN EARTHDIKE - o - §ta. 0.000- 1.360 ° 1988
_ - - " Sta. 0.000- 1.350 11988
Sta. 10.380-11.360 1973
24 BANILA EARTHDIKE ‘Sta. 0.000- 9,332 1977778
25 TARLAC LEFT DIKE' o “Sta.. 0,000- 1.350 1970
Sta. 1.350- 1,780 1972473

" 5ta, (~)0.000-(~)2.000 -
Sta. 1.780- 5.000 -
Sta. 5.000- 8,000 1974

Sta.4.260-5.240/5.380-5.440/6.320-8.000 - 1982 (Raising)
Sta. '8.000- 9.780 1982/83
'Sta.  9.000-19.000 ‘1988
_ : o Sta.(-)2.000-(-)3,355 1988
- 25 ARMENIA EARTHDIKE(Q'DONNELL R.) Sta. 0.000- 5.530 1974
' Sta. 5.530- 9.300 1988 .
- 26. SAPAHG PILOT .CHAMNEL - Sta. 0.000- 4.000 1977/78
27 CALAPAN CUT-OFF CHANNEL Sta. 0.000- 1.680 1979/80
28 TABLANG-BACAQ R.1, - Sta. €.000- 4,000 1979/80
29 CAMANGAAN-CALAPAN R. I,  Sta. 0.000- 5.080 1979/80
30 -CUT-OFF CHANNEL : Sta. 0.000- 0.560 1979780
31 DLO RIVER EARTHDIKE Sta. 1.380- 2,160 1981
: : Sta, 0.000- 1.380 1982 (Raising)
Sta. 1.160- 2.640 1981 ’
. B o © Sta. 2.640~ 3.450 1982
32 BE1 EARTHDIKE Sta. 0.500- 1.650 1984/85
33BET CUT-OFF CHANNEL - Sta. 0.420- 0,861 1988
34 SOBOL CREEK EARTHDIKE ~ (L=2,170m} 1979
35 QUIBAOL CUT OFF CHANNEL Sta. 0.000- 1.750 1979/80
36 MARUSAY EARTHDIKE Sta. 0.000-.1.260 1983
(STA.BARBARA-CALASTAD) : Sta. 1.260- 1.360 1984
37 MARUSAY CUT-OFF CHANNEL Sta, 4.740- 5.160 1982
- (CALASIAD) ' : ’ - Sta. 5.184- 5.470 ‘1982
o : Sta, 7.620- 8.230 1983
- '35 SINDCALAN EARTHDIKE : Sta. 0.000- 1.260 1983
Sta, 0.000- 0.400 - 1984

7 Sta,  0.400- 1.100. . 1988

................................................................................................

. ‘SOURCE :.YEAR-END REPORTS AND/OR LIST OF.COMPLETED PROJECTS, AFCS OFFICE
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Table 33.2  SUMMARY OF ACCOMPLISHMENT OF RIVER CONTROL WORKS -

“(1972-1988)
S EIH W/BOUDER REVETHENT BOULOER DOULDER GRAVEL  CUT-OFF ORAIMAGE. - . TorAL
DIKE  FACING/  GRAVITY SPUR DIKE  SUR-  CHANNEL  GATE  SPILLMWAY COST
YEAR APRON HALL DIKE . _ EACING
m (m) wm m m (")
1972 3,234 0 | 225 3 .0 15,000 0 0 0 305,956
1973 3,322 0 - 1865 | 0 D 0 ] 0 iz,ms.’m
1974 28,855 0 3,882 o 0 148 7,000 1 0 4,211,700
1975 . 69,915 e z.iss 1 0 10,248 460 2 0 22,006,479
1976 12,015 2,050 3,100 8. 0 12,142 e - 1 0 . 16,043,430
1977 12,607 0 75 % .0 0 3,500 -1 © 1,020 ;-19-.15#.550
1978 25,295 0 116 0. 180 G65.816 8,100 P 0 : .2_3..651.927
1979 20,631 ] 0 iq e 0 4 Y 9,089,154
1980 6,993 1,160 1,999 3 -0 4,250 8,740 0 0 8,610,694
1981 10,805 0 843 0 - 0 0 992 0 :‘o ' :'-6;492.994
1982 5,686 0 1,176 B 0 e 2.0 2 o 12w
1983 10,48 0 856 138 .0 280 9588 .n. G --15.659.494
1984 2,001 - a4y 52 . 18,788 10,000 | - i 10,603,756
1985 1,304 194 2,458 59 -0 7.4% o o 11,583,600
1986 3,865 1,524 922 120 .?59_ 48,395 600 2 _ 0 22,252,572
1987 7,750 3,633 1,910 182 686 . - 4703 2 o 33,933,000
1968 4,235 0,492 2,347 387 793 0 589 ¢ 0 40,763,288
L 2008 e85 23,085 L% 3% 209,050 79,03 16 1,020 270,866,007

SOURCE:  AGND FLOOD L‘ONTROIL' SYSTEM OFFICE, Rosales
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Table 3.4.1 FIVE-YEAR INFRASTRUCTURE PROGRAM OF
AGNO FLOOD CONTROL SYSTEM (1/2)

--------------------------------------------------------------------------------------------------------------

AGHD RIVER CONTROL -PROJECT
1. Asfingan-Sn. HManuel

2. Villasis
3. Sto. Tomas

4. Alcala
5. Urbiztondo

6. Brgy. Sanchez, Asingan
7. Alcala - Bayambang

8. Bray. Daraoey,
Bayambang

9. Brgy. Quibad,
Bayambang

10. Brgy. Quibad,
Lingayen

11, Urbiztondo

12. San Carlos City

13. Rosales-Sta. HMaria

14. Rosales

15. Sto. Yomas-Alcala

16. Bautista

17. BugalTon .

18, Bugallon-Labrador

19, Sta. Maria

20. Brgy. Pantal, Bugallon

21. Aguitar

22, Brgy. fomalanoan,
Lingayen

AMBAYOAN R.C.P.
23. Sn. Nicolas

VIRAY-DIPALO R.C.P.
24, Tayug-Matividad
25, San Quintin

TOTONOGE& R.C.P
26, Rosales

BARILA R.C.P.

27. Umingan
28. Balungao

SCOPE OF WORK AND
PHYSICAL TARGET

Restoration of damaged dike
Spur dike, apron

Spur dike, Revetment
Restoration of boulder dike
Bank protection, Spur dike
Restoration of damaged dike
Bank protection, Spur dike
Spur dike, Concrete reveiment,
River fmorovement
Earthdike, Spur dike
garthdike, Spur dike,

Bank protection

Spur dike, Drainage system,
Bank protection

Cut-off channel (COC),

Spur dike

Spur dike, Chamnel impv't.

Bank protection

COC, Spur dike

Protec. of damaged dike with
boulder spur dike

Spur dike

Spur dike, COC

coC, Spur dike, Flood gate
Earthdike, COC, Flood gate

Earthdike, Spur dike, Flood gate

Spur dike, Channel impv't.
Spur dike, Channel impv't.
€oC, Spur dike
coc, Spur dike

Spur dike, Channel imprv't.

Restoration of damaged dike
Spur dike, Chamnel impv't.
Rest. of damaged dike with
Spur dike

Revetment, Spur dike

Spur dike, Channel impv't.
Bank protection, Spur dike,
River impv't., Earthdike

STATUS

Const./Impv't./

Rehab,ON-GOING
-ditto-
~ditto-
~ditto-
-ditto-

-ditto-

~-ditto-
~ditio-

~gitto~

Const./Impv't./

Rehab. NEW PROJECT

Const. /Impv't./
Rehab. OH-GOING
-ditto-~
~ditto-~
-ditto-

-ditto-
~ditto-
-dittio-
-ditto-
-ditto-
~-ditto-
-ditto-
~ditto-
~dittg-

{Sub-Total)
Const./inpv't./
Rehab, ON-GOING

~ditto-
-ditto-
{Sub-Total)
-ditto-
~ditto-
-ditto-

{Sub-Total)

1,00

FUNDING REQUIREMENTS (1076P)
89 '90 ‘g9l '02  *93

4.75 5.00 5.40 5.60 5.90
1.30
1.20
2.00

2,00

1.890
2.10
2.60
2.60

1.50
2.50
0.60
0.60

1.20
1.20
2.70
2.70

1.20
2.40
1.00
1.00
2.70 2.80 3.30 0.60 2.20
1.00 1.00

0.90 -

1.10
1.20

1.36
1.30

0.90
1.30
1.30

1.20 - - 1.39

1.40 1.40 - - 1.50

2.90 2.00 2.30 2.36
- 2.00 - - 200
1.00 1.0 1.50

1.30 1.4 -

0.40 0.50
1.50 -
(2,30 2.50
1.40 1.50
1.40 1.60
1.00 1.20

0.59
1.40
2.90
- 0,50
1.20 -
- 1.20 -
- 1.00 - 1,00 1.20
L.20 - 1,00 1.20
-  0.8) 1,50 - 1.80

29.15 33.7¢ 31.30 30.40 35.60

1.00 1.00 1.00 .20 1.20

1.20 1.20 1.40

1.20 1.20 1.20 1.50

2.40 2.40 2.60 3.00

- 0.90 g.90 1.00

0.50 0.50

1.00

0.60
1.00

0.70
1.00

0.40
1.00

1.50 1.40 1.50 1.60

Source 3

AGNO FLOOD CONTROL SYSTEM OFFICE, Rosales
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Table 3.4.1

FIVE-YEAR INFRASTRUCTURE PROGRAM OF

AGNO FLOOD CONTROL SYSTEM (2/2) -

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

- SCOPE OF WORK AND
PHYSICAL TARGET

FUNDING REQUIREHENTS (1076P)
'89 ‘90 91 - '92 93

o 3 kT 0 £ B A Y P A ko £t e e i g e b b kot B o R 4 e A7 o R R A R

TARLAC R.C.P.

O'DONNEL R.C.P.
HORIONES R.C.P.

0L0 R.C.P.
Mangatarem

'BAYAOAS R.C.P.
‘Aguilar

BEI R.C.P.
Bugallon

CAYANGA R.C.P.
Sn. fabian

BUED R.C.P.
Sison
$n. Fabian

BUED-ALORAGAT R.C.P.

AHGALACAR R.C.P.
Hapandan
~ Mapandan

SINOCALAN R.C.P.

Sta. Barbara-Urdaneta

HARUSAY R.C.P.
Sta. Barbara

TAGRHUSING R.C.P.
Sumabnit

Binalonan

TOLOHG-HITURA R.C.P.

Urdaneta

TUBGY'R.C.P.
San. Manuel

. Contrete revetment, floodgate

boulder apron, earthdike
Earthdike, River impv't

Concrete revetyent
Earthdike, River impv't.

Concrete revetment with
boulder apron

" Earthdike, Spur dike

CoC, Cnncrete revetment

Revetment
Concrete revelment, Bank protec.

Bank protection, Spur dikg '

Spur dike, Bank. protection
Spur dike, Caencrete revetment
Spur dike, River impv't.

Spur dike, CQC

Earthdike, Spur dike,
Bank protection

Spur dike, Revetment,
River impv't.
Spur dike, Concrete revetment,

Revetment, Spur dike

Spur dike

~ditto-

~ditto-

-dftto-

Const./impv't.f
Rehab. ON-GOING

~ditto-
~titto-
{Sub-Total)

_ fdifto- 
wditto~
-ditto-
-ditto-

{Sub-Total)

Const./Impv't./

Rehiab. HEW PROJECT

Const./Impy't./

~ Rehab. OK-GOING

~ditto-

~ditto-

~ (Sub-Total)

“ditto-

-ditto-

- (T0TAL)

39.45 39,46 - - -

8.66 8.30 - - -
3.50 3.850 - - -

1.5 - - 100 1.00
- 040 - 050 0.50
0.20 0.20 - 0.30 0.50

1,00 1.00 1,00 100 -

- - 240 2.00 -
0.80 - 1.35 - 0.90
.80 - 3.35 2.00 0.90

C0.50 0,50 0.50 1:20 1.30

0.50 0.90 0.80 0.90 -

0.55 0.50 - L0 -
0.50 - - 0.70 0.80

1,55 1.40 0.8¢ 2.7¢ 6.80

1.00 - 1.56 2,00 -

- 100 2.0 2.20 -

'1.50 1,00 0.50 0.40 -

1.50 2,20 0.50° 1.50 -

040 1.00 0.90 - -

- 0.50 0.40° 0.40 -

94,21 98,85 48.35 51.70 47.50

Source :

AGNO FLOOD CONTROL SYSTEM GFFICE,.Rosalesf

- 22 -



e .
/// L IINGAYEN GULF /
e
/ Caloocan R. )
Pt G Basx.ng'R.. [— Dagupan R E’ B i
BaR & Bl Bl E =
wE ] B | IV
He o 8
Cupang Cr. i - __lc:
] 3 5 g ! Bued R
Dumulee R, B % o -
o 8l o 2l Aloragat R. Bobonan R
N ——— im =] 123 - T s
Sobol R. & CavaR. = E| 5
Quiray R. 2 g e % ” —
: = o Elang R. = 3 “Angalacan R,
Cagubay R. 2 E g
Bayaoas R. T | Mbdlic k. - ;E:; Kuinabolotan R. Folong R,
Baris R. g j Tagamusing R. Tuboy R.
OloR. | T
e - . Mitura R,
BogtongR. Locet Cr. ;
. Ba:acfac.j R. ' Macalong R.
Mamair R. Bacatan R. : |
San Batlofome R} _ .
Camiling R.
Bayating R.
Solomag R.
Bulsa R.. MorionesR.| .
TarlacR. ! . AproRive
O'Donnelt R, l : 1 T |f
e i P
Bangt R, B Floodway = St w ] 3
T =3 &3 B B
. = ¥ £ 8 £
[ Bakiv-Bakit K. A - l Q. |8
Talov k. [ 3] ! & a
Taloy K. g: x: ® i @ W
B i : : EI
H ®
7
i
£l g | |
3| B Remarks : The Panto River (or Panto-Sirocalan River) denoted
e = in the topographical maps is locally called the
5 Pantal River {or Pantal-Sinocalan River).
t {n whis report both names are used for the same fiver.
ALLIED RIVER BASIN
River Basin Area River Length
. : : - km? ki
AGRO RIVER BASTH Cayanga-Paialan R.
River Basin Arez River Length {whole) 618 61.00
_ (km?) . Gam) Angalacan R. 144 25.50
~Agno River ) Aloragat R, 116 3100
Rivermouth 5,907 221.00 Bued R. 286 54.00
Floodway Site 2477 165.00 Panto-Sinecatan R. .
* . Ambayoan River ©.367 L6220 - (whole) 1,115 7550
" Viray-Dipalo River S 135 21:20 " Tagumising R. 182 44.50
Banila River 309 - 3900 [ Miwra-Matalong R. 4 1.0
. Tarlag River 1,896 9300 . .- Ingalera R. 197 32.50
Camiling River 604 64.00 - Diagupan R. 273 32.00
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4. METEOROLOGY AND HYDROLOGY
4.1 ‘Climate

The climate in the Agno River basin is characterized by distinct dry
and wet seasons. The dry season lasts usually from November to April and

the wet season from May to October.

The annual rainfall varies from about'ZQOOO mm'ih the sotitheastern
portion of the basin adjoining the Pémﬁanga River basin to over 4,000.mm in
the northern mountains as shoWn'in the' Isohyetal map of the Study Area (see
Figure 4.1.1}. This variation is mainly due to the topographical condition
of the basin. More than 90Z of the annual rainfall occurs in the six months
of the wet season. The Agno River basin is often attacked by tropical
typhoons and. storms which bring about heavy rainfall causing harmful

flooding.

The mean annual temperdture is 28°C in Dagupan City located in the
Pangasinan Plain in the Agno River basin and thé mean monthly temperature
‘varies from 23°C to 32°C. The relative humidity in Dagupan City is recorded
at 77 on avérage énnually The month of April has the lowest at 70%, while

the hlghest 851, oceurs in August
4,2 Flood Runoff Analysis

The flood runoff analysis for the Agno River basin'ihéluding-thé Allied
Rivers is performed Gnder the following river conditions 'to prepare basic

data required for the formulation of flood control alternatives, =

- Under  the present river condition

- Uﬁder-the condition of ﬁlanned river improvement

: The flood runoff analy51s_under the present river condltlon is

dlscussed in the succeedlno Sectlon 4.3,

: LBéée polnt
Ning base p01nts, the pr1n01pal p01nts for estimatlng ‘the flood rUnGEs
'Ddlstribution along " the river course, are determined at confluencea -dnd
rmvermouths of main rivers and ma jor trlbutarles. “The selected base

'p01nts are summarlzed below
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Rase ' Basin Area

Point TLocation {¥m2)
‘BP - 1 Rivermouth of Agno River 5,907
BP - 2 " Agno River tpstream of = 4,338
conf. of Camiling River
BP - 3 Agno River upstream of conf. 2,441
of Tarlac River
BP - 4 . Agno River at conf. of 1,345
Ambayoan River
BP - 5 camiling River at conf. of . 604
i Agno River :
BP - 6 Tarlac River at conf. of 1,896
_ Agno River _ _
BP - 7  Ambayoan River at conf. of . 370
Agno River '
BP -~ 8 Rivermouth of Cayanga River 618
BP - 9 Rivermouth of Pantal River 1,115

The location of these points is shown in Figure 4.2.1.

"River system model

The riwver system model is constructed as shown in Figure 4.2.1. The
model comprises sub-basins, river channels and existing dams including

those under construction and those identified through the Study. .

. Desiegn Rainfall

The available rainfall data are analyzed to determine  the .design
rainfall duration, probable basin meaﬁ rainfall and:its;hourly
distribution. The rainfall duration is determined to be & days based.
on the major storm records. The probable basin ‘mean fﬁinfall_with
durations of 1,2,3'aﬁd 4 days is estimated at each baéé-point as shown
in Table 4.2.1. For estimating the basin mean rainfall, the'TﬁiesSen

polygon method is applied using rainfall ‘data at 17 stations.

The average 24-hour rainfall pattern is obtained from the accumulated
rainfall curves of major storms as shown in the upper'parggof‘Eigu:éué.z;z_
and ‘the design rai’ﬁfall.:distribution_ of 4-day "Vdu_ra_tio_n_ ig'de'térmiﬁed as

follows:
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1st day Uniform distribution of R4-R3-

s

2nd day : Uniform distribution of R2-Ri
3rd day : - Distribution of Rl by average rainfall pattern
4th day : Uniform distribution of R3-R2

Whete, R : probable l-day basin mean rainfall

RZ v -probable 2-day basin wean rainfall
R3 : probable 3-day basin mean rainfall
R4 : probable 4-day basin mean rainfall

Typical hourly rainfall distribution of the design rainfall is

illustrated in the lower part of.Figure 4.,2.2.

Condition for runcff calculation

The flood runoff calculation is carried out under the following

conditions:

(1) River channel .+ . A Confining dike system along the main Agno
| River and major tributaries

{2) Damfreservoir :° The existing Binga and Ambuklac -dams have no
flood control space in their reservoirs,
Therefore, the Outflow.is-assumed ﬁo:be equal
"to the inflow. San Roque dam; for which
detailed design has been completed and Balog-
Balog dam, which is under éonstrﬁétion, are to
be incorpofated. The reservoir operation
.proposed in their: respective .reports.is being
applied. ' ' '

" (3) Retarding ‘area ¢ Poponto swamp is not taken into aqcbunt.

‘Probable peak flood distribution

Based on the above conditions, the. flood runoff calculation is made

xwith different re;urn-periods-of.lLOS,-Z. 5,;10! 25, Sp‘and'lpo'years.
The,#stimated flood peak distributions for the Agno River _and Allied

‘River basing are listed in Figures 4.2.3 and 4.2.4 respectively. .
“The specific discharge for the 100-year ‘peak flood is shown in Figure
4.2.5. It varies from 3.0 m3/s/km2 to 6.2 m3/s/km2 in the Agno River

basin and from 3.5 m3/s/km2 to 6.3 m3/s/km? in the Allied River basins.
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4.3 TFlood Inundation Analysis

The flood inundation analysis aims at the following:

- Development of the flood simulation model to assess the hydro-
logical characteristic under the present river condition.

- Estimate of probable flood water level and duration in inundation

area with different recurrence interwvals.

To meet the above reguirements, the following simulation models are

presented.

- Flood simulation model

- Flood inundation model
{1} : Flood simulation model

This model is applied to simulate the flood runoff in the Agno River

basin. The model comprises the following components:

- 58 sub-basins
-31 river channels
-1 retarding basin {Poponto swamp)

- 2 dams (Binga and Ambuklao)

Camiling swamp as river channel

-Runoff from.Sub—basiﬂ

Flood runoff from each sub-basin is calculated by means of the stofage'
function method. Constants of storapge function are estimated by
empirical formula which is expressed by avérage‘river:bEdrslope\in a

sub~-basin.

Flood routing in the river channel

Flood routing in a river channel ‘is’ calculated "also by the storage
" function method. The storage function of a river channel is’ estimated

based on the river cross-section data.

_Outflow'from ﬁha dams

Both of the ekisting Binga and Ambuklaoc dams 'arg__fungti@nal_'for
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hydropower ‘generation but mnot for flood control. Therefore, the
outflow from these reservoirs is assumed to be equal to the inflow for

reservoir operation during floods.

Retarding basin

. The Poponto  swamp has & function to retard the £lood peak ‘discharge.

- The retarding basin model is constructed as shown in Figure 4.3.1.

Breached river stretch

In the area on the iight-bank of the Agno River main course, downstream
of San Roque, there remain breached river sections of. about 3 tm in
length. Thus, flood runoff from the upstream basin partly overflows

into the Allied River basins.
The bankfull flow capacity at the said sections is estimated at about
1,200 m3/séc,  For flood runoff calculation, a. flood discharge of over

1,200 ' m3/sec is assumed to overflow into the Allied River basins.

- .calibration of the simulation medel

The simulation model is calibrated: by using the records..of the 1984
filood caused by typhoon Maring, which is selected among flood records
‘observed.by ARFFO. The mean rainfall with 4-day duration in.the whole

Agno River basin is estimated at 385 mm for calibrationm.

The simulated  flood. runoff hydrograph is compared with: the observed
discharge ‘at 4 waterlevel stations and reservoir inflow’ at the Bings ‘and
Ambuklao dams as shown in PFigure 4.3.2. These figures illustrate that the

model simulates appropriately the recorded flood.

By -the ‘above simulation, the volume overflowing from the breached river
stretch and the regulated volume in the Poponto swamp are estimated to be
233 x.106m3 and. 251 x“105m3“respectively.for-the'éimulation period of about
10 days.

(2) Flood inundation model

The lowland area of the Allled Rlver baslns 13 characteriyed by wide—

~spread floodlng due to the 1nadequate flow capac1ty of the rlver channels.
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In addition, the flood dnflow from the breached river astretch of the -Agno

River is incorporated in the flood from the upstream mountainous basin.

The sequential pond model is applied for the simulation of the above
hydrological condition. The Allied Rivers are divided into 250 mesh -blocks
each with an area of 2 km x 2 km. This two. dlmensxona] ‘model sxmulates the
“flood flow propagation for each mesh block in the probable inundation area
by solving the kinematic and continuity equations under the given hydraulic

condition.

Flood for -calibration.

. The 1984 flood caused by typhoon Maring, which brought about wide-

spread flood inundation, is selected for the calibration of the model.

sSimulation result

As .a result of simulation, the maximum ipundation depth is estimated
for each mesh block. The result is compared‘with'thé actual inundation
as illustrated im Figure 4.3.3 map which was prepared through the
interview survey. The area distribution of the maximum inundation

depth in the inundation area is simulated fairly well,
{3) Probable inundation area

The inundation area and maximum inundated area in the lowland of the
Allied River basins during occurrence of the probable 100-year flood are
estimated by the simulation model. The calculated results are illustrated

in Figure 4.3.4.

For the above simulation, the flood volume overflowing the dike of the

Agno River is estimated based on the following :hydrological conditions:

- The river dike is breached when the flood water level rises to the
level corresponding to 50Z of the free board. .

- The flood runoff corresponding to the above water level is  assumed
to be the breach-starting dlscharge _ U

- The flood runoff over the breach—starting ﬁischérge'is assumed to
flow 1nto the Allled River basins. | J : '

- The breach startlng discharge is determined for each erEI stretch

‘based on the river cross sectlon data as glven below.
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Breach-starting

River ‘stretches of the'Agno River discharge
: : (m3/s)
San Roque - Confluence with the Ambayoan R. 1,200
Conf. with the Ambayoan R. - Conf. with the Banila R, 5,470
Gonf.'withlthe Banila R. - Poponto floodway 3,130
Poponto floodway -~ Conf. with the Tarlac R. _ 1,230
Conf. with the Tarlac R. - Conf. with the Olo R. 10,200

- Conf. with the 0lo R. - Rivermouth 6,890

4.4 Low Flow Analysis

The objecﬁiVerbf low flow analyéis is to provide daily runoff data at -
arbitrary locations'in the Agno River basin for a continuous peried of more

than 20 years.

Téking into account the avaii&ble"discharge and rainfali-fécords, the
runoff characteristic at Saﬁ:ROque is examined by applying the tank model
method using daily runoff and rainfall records in the perlod of 1969- 1971.
Then, the daily runoff record at San Roque is supplemented by the runoff

generated by the simulation model for the period of 1972-1986.

The daily runoff at Wawa and the rivermouth of the Agno River. in the
peridd of 1969-1986 is estimated based on the ratio of basin drea and annuaal
basin mean rainfall. The average flow'durationicurvesrare:as”shdwn in

Figure 4.4.1,
4.5 Hydrélogig&l Observation
(1) Construction Progress of Hydrblogical Stations

Japan Internatlonal Cooperatlon Agency (JICA) pr0v1ded a set of hydron
' nﬁteorologlcal equlpment lncludnng 4 automatic ralngauges and a automatlc
water level gauges ‘The Department  of Publlc Whrks and nghways (DPWH)

constructed the gauging stations and installed these gauges

The locations of the 4 automatic raingauge stations  and 9 ‘sutomatic
“water level’stations 'were selected as shown in Figure '4.5.1. ~Installation

of "these automatic gauges ﬁas;mhde according to the following schédule:
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Elevation/Zero

Station Date of Completion ' of Gauge  (E1.m)
Rainfall o
(1) Camp & ) Aug.- 21,1989 : about 700
(2) Saytan : Aug. 21 about 190
(3) Sto. Domingo Sept. 3 . - .about 90
(4) Iba Sept. 3 about 100

Water level .
(1) Poponto left dike Sept. 28, 1989 18:.325

{2) Poponto right dike - Oct. 5 12.669
{(3) Conjuangco bridge Nov. 23 14.500
{(4) Camp 1 o Dec. 4 : 178.600
' ¢S) Aloragat Oct. 23 ' " 44,000
‘(6) Angalacan ‘ Oct. 17 - 7 10.300
(7) Tagamusing Oct. 25 31..800
{8) Sinocalan - Oct., 20 . 9.200
(9) Ingalera ‘Dec. 15 = 2,700

(2) Hydrological Observation Works

The following observation works were cérried~out by DPWH under the

supervision of a hydrological observation expert.

.Rainfall

Hourly observations by automatic raingaugés.
Water level
Hourly readings of staff gauges during floodzng before completlng

the installation of the automatlc water 1evel gauges

.Discharge Measurement

Diécharge measurements to establish the dtscharge rate curve,
Floats are to be used during a flood whlle current meters are to'

be used during low flow,

.Sediment load

Sedimént sampling at 10 sites and their iabor&tofy,testing;:
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.Water guality

Electric conductivity tests were in the dry season of 1990 to
assess sea water intrusion imto the Agno, Caysanga-Patalan and

Panto-Sinocalan Rivers.
{3) Obserxvation Record during Typhoon OPENG

‘From September 10 to 14, 1989, typhoon Openg, attacked the Agno River
basin. Hydrological observation records during this typhoon are summarized

below:

Rainfall
- Hourly rainfall was observed at four new stations.
- 3-hour rainfall was observed at the five stations in the Agno

River FFWS.

Water Levei
- Hburly water -lavel was observed by staff gaupe reading at four
new stations, Cojuangcoe Bridge, Ingalera, Sinocalan and

Tagémusing.

The observation records are shown in Figures 4.5.2 and 4.5.3. The
water level hydrograph observation was started almost at the time of peak
flooding because the typhoon hit the area during the weekend and dispatch

of the observation crew was somehow delayed.

The mean 4.day rainfall in the basin is eétimated at 431 mm. The
rﬁinfall. isohyetal hap shown ' in Figure 4.5.4 iﬁdicates that very heavy
rainfall was gxperienéed at the Bued River basin. The mean rainfall in the.
Allied River basins is -estimated at 506 mm which corresponds to the S5-year
_probable rainfall. On the other hand, the mean rainfall in the Agno river
Basin is_calcﬁlated at 253 mm,»whiéh'is less than’'the probable rainfall with

a 2-year retuin period.
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Table 4.2.1 PROBABLE BASIN MEAN RAINFALL BY BASE POINT

{Unitmm)

157

308

707

Base Return Period (vear) '
Point 105 2 5 10 25 50 100 200
1-Day
BP-1 71 142 202 242 295 334 375 416
BP-2 71 148 214 260 319 364 a1l 458
BP-3 74 159 236 291 364 421 479 540
BP-4 68 158 251 323 425 510 603 704
BP-5 9% 147 203 249 318 378 445 521
‘BP-6 64 140 208 256 320 369 420 473
BP-7 - 88 178 268 338 437 519 609 706
BP-8 90 - 176 246 294 355 401 447 494
BP-9 81 138 182 210 244 269 294 319
2-Day
BP-.1 96 216 326 405 - 509 590 674 761
BP-2 98 227 346 431 546 635 728 826
BP-3 112 251 376 465 583 “ 675 770 868
‘BP-4 106 252 389 483 622 727 837 952
BP-5 130 221 325 410 537 648 774 917
BP-6 98 207 316 399 517 613 718 . 833
BP-7 124 277 415 513 643 745 849 958
BP-8 142 282 400 480 582 660 73% 819
BP9, 116 227 319 381 - 460 519 579 640
3-Day .
BP-1 110 263 408 - 514 657 769 887 1,010
BP-2 118 277 426 533 678 792 910 1,034
BP-3 130 302 462 5§77 732 854 980 1,112
BP-4 133 308 471 588 746 869 997 1,131
BP-5 130 268 - 421 546 733 - 896 1,080 1,288
BP-6 116 252 397 512 681 825 1984 1,162
BP-7 145 330 500 621 783 910~ 1,041 1,178
BP-8 168 337 478 574 697 791 886 983
BP-9 144 277 385 457 550 619 689 759
4-Day _ - . - -
BP-1 126 301 466 586 747 875 1,008 1,147
BP-2 138 319 486 606 766 891 1,022 1,158
BP-3 157 344 511 . 629 784 904 1,028 1,156
.BP-4 154 1342 512 632 - 791 914 1,042 1,174
- BP-5 147 305 482 629 849 1,041 1,259 1,506
BP-6 130 287 454 586 780 944 1,125 1,327
BE-7 177 374 545 | 664 818 927 1,059 1,183
BP-8 199 378 521 617 738 829 1920 1,012
433 517 625 789 873
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Upstream of Poponto Floodway A-5 490 1320 2680 3960 5730 730 9i90
Before Junction with fanlla R, A-G 410 1140 2330 3470 5020 © 6570  BlAG
Before Junction with "\Hray-mpnlo R, A2 360 970 2050 3010 438D 5930 7280
Bafore Junction with Ambayoan R. A © 200 700 1530 230 3780 5120 6370
San Rogue Dam ‘ A-0 320 330 1710 2600 3950 5060 6260
2. Tarilac Rtiver .
Junction with Agro R. T-1 460 960 2000 2930 4350 5510 6720
‘Before Junction of Baka R. T2 A0 550 1140 1690 2540 3730 3940
Tarlac : T-3 100 430 870 1340 2020 2580 3180
iaka'R. + Sub Gasin 1-6 260 530 - 1000 1490 - 2150 2640 3150
- Morignes R. T4 0 280 570 BG0 1270 1610 195D
" ¢'oosneld R, . B T 1700 310 A%0 FED 100D 1230
. Batag-Balog L . 15 80 160 300 430 &0 760 940

3. .Camiling River .
. Junction with Agno &,

. £ 200 360 Go0 1020 1630 7170 - 2660
Before Junction with Bayating R. [
C
[

130 240 59 J00 11AD 1520 1850
Before Jenciion with Hamair R.

Dayating R.

4. Dbanila River

Junctton with Agno R. B-1 110 250 s10 M0 990 1380 161G
lbefore Junction Hith'ﬂdlablo_ﬂd n, B.2 ‘60 160 - 320 410 65¢ 950 1100
“Before Junctfon with Karayoga R. 8.3 in 70 150 220 300 440 510
Bridge B4 20 60 110 160 230 330 390

5. Viray-Dipalg River . .
Junction with Agno R, V-1 50 120 210 380 530 730 840

" Viray R. : : v-2 20 60 130 . §%0 20 370 420
Dipalo R, (Down stream of $an fedre}. V-3 20, 60 110 170 © 250 350 -40@
“{Upstream of San Pedro) V-4 10 30 0. 109 158 210 249

6. Arr#ayoan River ' : B )
Junction with Agno R, R | 110 300 590 880 . 1310 1730 2000
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Flg 4..2.3 PROBABLE FLOOD PEAK DISCHARGE DISTRIBUTION OF AGNO RIVER
: ~ UNDER CONFINING DIKE CONDITION (WITH SAN ROQUE DAM) -
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‘1.1 Cayanga/Patalan Rivers : . )
Bivermonth ' £€-1 20 500 A0 1490 2080 2560 3030
Before Junction with Dued R, c-2 o e 550 170 1060 1310 1550
1.2 Duoed River
Jupction with Cayanga R. €3 130 290 520 730 1040 1290 - 1550
llefore Junction with Apangat @, c-1 g0 200 . 340 500 150 950 1170
Apargat R. .5 3 60 18 160 220 %D 30
1.3 Algragat River ) .
Junctlon with Patalan R, -6 50 10 20 280 380 470 550
_ Amigbigan C-7 3 60 100 140 200 - 240 250
1.4 ‘Angalacan River
Junztion with Patalan R, C-8 Fi 150 280 400 670 no L]
Harahor . ‘c-9 50 110 190 2 400 510 520
killo c-10 k1] B0 - 130 190 290 3 460
2.1 Panto/Sinocalan River
Rivermeuth ’ L} A0 8i0 1310 1900 2710 3260 4060
Before Junction with Dagupan R, p-2 280 510 850 1220 174D 22200 2670
Before Junction with Ingalera Q. P-3 190 380 600 460 1200 Q640 2000
Before Junction with Quinaboletan K. P-4 140 280 430 620 950 1280 1530
Catabian P-5 120 250 3 510 B850 1§20 1380
2.2 Dagupan City
Junctlon with Panto R. ) P.G 1o 300 180 699 950 1110 1260
Before Junction with Basing R, P-7 130 20 3H0 540 740 820 930
Lomer San Juan R. P-g LRV ) 270 390 540 630 ito
Upper San Juan R. P9 50 90 150 200 280 330 380
Elarg R, N-10 50 GO 120 190 260 3o 350
" Campangbogan R, p-11 300 0 80 120 170 190 R
2.3 Ingalera River
CJunction with Sinotalon R. ) P12 8o 150 250 /O 500 0 690 670
Taldspﬂtang P-13 G0 120 160 260 370 150 510
San fiicotas r-14 20 A0 50 80 120 t50 160
© 2.4 Tagumising/Tuboy fiver _ . . )
Junction with Sinocalan R. P15 80 i70 250 350 SB0 790 990
: Yatyal . P-16 70 150 23 130 540 730 90
2.5 Hacaleng River
Junction with Sinocalan R, P-}7 L] 90 130 190 270 3o 80
Urdaneta pu18 10 &0 g0 120 190 240 280

" San Hanuel P-19 20 5 7% 100 140 160

Fig. 4.2.4 'PROBABLE FLOOD PEAK DISCHARGE DISTRIBUTION OF
~ ALLIED RIVERS UNDER CONFINING DIKE CONDITION
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{1} _Modsl Diagram
Qo Agho River
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Qw » Of 4 Do
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{2)  Hydrautic Equations in Swomp

Equation of Centinuity .. al ~ gon 48
. a1

(S . Storage . volume In swemp !
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Q
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: A . Flow Aren
Hp . Water lsysl at Swomp
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(3)  Calcelation Procedure -

l_‘_rle ;. _Gpr, Gb, Gwi, Hpi, Hwilgiven) |

{

[ T=Tz . Qpg, Q2 (Igiven) _]

r 062l by; Equotion of Cantinulty } ]

Quz= Ofy+ oz
Hwz by H-O Curve ot ‘Wawo}

L ©o'2 L by ‘Equotion of Movsmant }j

[ Comparizen ‘of Qdyond Qoz l

. L .
'___ei'—_—[ Becessity of Adjustmant ? l
1No

[ Hpa, Qok (Calculated ) l

‘Fig. 431 ILLUSTRATION OF HYDRAULIC MODEL FOR POPONTO SWAMP
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5. FLOOD DAMAGE ANALYSIS






5. FLOOD DAMAGE ANALYSIS
5.1 Flood Damape Records
5.1.1 Flood Records

Typhoons prevail in the rainy season, usually in the months of May to
October and yield more than 902% of the annual average rainfall of 3000 mm in
the basin. The downpour during this period causes habitual flooding in the

Pangasinan plain area, causing flood damages almost every year.

The Philippine Atmospheric Geophysical and Astronomical Services
Administration (PAGASA) and the Office of Civil Defense (0CD) have carried
out surveys on each large typhoon and flood in the basin since 1962. Table
5,1.1 lists past destructive typhoons as well as 4-day rainfalls and their
recurrence intervals observed at the mouth of the Agno River. 1In the last
two decades, the severest flood, with a recurrence interval of 10 years
ogcurred in 1972. More recent floods occurred in August, 1984 and July,

1986 with recurrence intervals of some 4 and 7 years, respectively.

A rainstorm occurred in September, 1988 and caused an overflow of the
Sinocalan river and its tributaries in the Allied River basins. The
recurrence interval of this flood is estimated at some 5 years in the entire
Allied River basins. Calasiao town and Dagupan city, which are located in
the downstream coastal area of the Sinocalan river, were inundated with

water depths reaching 1 m in low-lying areas.

As an example of major past flood maps, a flood inundation map of

typhoon Maring in 1984 is shown in Figure 5.1.1.

Flood years and flood inundation areas measured from the recorded flood

maps are described as follows:
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Recurrence

Flood Year Inundation Area(km2) Intexval (year)
1935 2,100 no hydrological data
1972 "2,040 10-year
1973 900 -

1980 1,550 .
1984 1,670 o 4iyear

5.1.2 Flood Damage Records

Records on past large floods have beén compiléd by 0GD sinc€'1972,
ihcludiﬁg information on the number of affécted people and houses, and
.démages to ¢rop, livestock, fish culture, and infrastructures. Of the major
fiood damage records, those of 1972, 1984=aﬁd 1986'aré'compiled ‘in Table
5.1.2. S

According to the damage réecords in:Paﬁgasinan Province, dﬁring Ehé'lé?Z
flood which was of the iargést Magnifude in the last two decades, 530,000
inhabitants (about 43% of the estimated population of 1,250,000 in 1972) .
suffered from floeding including 460,000 evacuated persons. - On the other
hand, in the recent large floods of 1984 (typhoon Maring) and 1986 (typhoor
Gading), the number of affected people was reported to be 300,000 and
150,000 respectively. The éorresponding‘éhére is about 20% and 10% of the
estimated population of 1,500,000 in 1984 -and 1,550,000 in '1985,
respectively. The damages from the 1984 flood and the 1986 flood weré
estimated at about 99 ‘and 134 million pesos at the price level in the

corresponding year, respéctively.
5.2 Estimation of Maximum Inundation Areas

A flood mark survey for confirming the extent of inundation area as
well as water depth and duration of the flbods'of-1972, 1984f.and.1986'was
carried out at 240 sites in the flood prone area. Major itéms.wefe wéter
depth, duration of flooding and direction of flood flow, 'SEdimenthtion.
depth, and damage. The results of the survey are compared with flddd
inundation analysis in hydrological studies for ésﬁimating'pfobéble flood

damages. Figure 5.2.1 shows the maximum envelope of flood inundation area

- 59, -



which was prepared the results of the flood mark . survey: and.  also. with
reference to available flood maps of past floods and topographic maps on 1
to 50,000 scale.  The envelope confines the maximum extent of recordéd flood
inundation area in the Study Area; that is, the maximum extent of .inundation
area is defined as-the probable maximum inundation area for the flood damage
analysis. The maximum inundation area is 2,465 km2. The affected

administrativeﬁdivision-in the ‘area is shown in Figure 5.2.2,

5.3 Estimation Procedure for Probable Damage from Flooding and

Sedimentation

Assets which are vulnerable to flooding and sedimentation in the Study
Area are identified based on past damapge recoxds and if they are located in
the probable.inundétion area. Damages to assets are clagssified into two;
dirvect - damage and indirect -damage. The detailed constitution of these

damages is illustrated in Figure 5.3.1.

Direct damage  is one which is directly imposed -on assets due to
flooding and sedimentation, while indirect damage ‘is a. loss due to the
suspension of economic activity, extra transportation ‘costs required to

change traffic routes and costs for rescue and relief activities.

: The direct damage due to. flooding consists of agricultural damage to
crops, livestocks and fish cultureé including pond facilities,: and non-
agricultural damage’ to houses, buildings and infrastructures.. The direct
damage due to' sedimentation .also consists of agricultural and non-
agricultural - damages. Areas subject to damages due to sedimentation.are
-identified in two places; the portion downstream of San Roque on the right
‘side ‘of .the Agno :River and the portion. of the Poponto Swamp ‘near the

downstream end of river dikes of the.Tarlac River. .

. Therprobable flood and sédimentatioﬁ damages with  return periocds of
1}05, 2, .5, 10, 25, 50 ‘and . 100 years,are:estimated on thé.baéié;bﬁ'the
'_damage ‘classification. mentioned. above. . The_:pfdbablet flood damages are
assessed by multiplying fthej-value of fassefs by the damage rate -in the
inuﬁdatidn:area;1 st estimating the annual average probaﬁle-flood‘damage,
the portion of probable damage risk dué to an event larger than a lOOdear.

flood is assumed ‘to be negligible.

_6.()...



5.4 Probable ¥lood Damages

The flood 'damages under the condition ‘without project works are
estimated for each of the 2,463 mesh blocks shown'in'Figure 5.4,1 Dby using
the inundation water depth and duration of floods with frequencies of 1.05
years to 100 years computed by the flood inundation g¢imulation model (see
Section 4.3). Table 5.4.1 shows the probable direct and -indirect daﬁggés,
affected people and area in the Study Area estimated for various flood
return periods. The components of indirect damage are shown in Table 5.4.2.
The ratio of jindirect damage to direct damage is esfimated to be about 107

to 35Z. The Study Area’s probable damages are summarized below:

unit : milljion pesos

Return Period (Year) : 2 5. 10 50 100
Inundation Area (km2) 1,448 1,665 _ 2,038 2,183 2;&65
Affected Inhabitants 1.05  1.17°  1.37 .64 1.56
(million persons)
Direct Damage 456 If512 1,970 3,001 - 3,493
- Agricultural 315 486 1586 762 BT7
- Non-agricultural 516 739 908 1,382 1,558
--Infrastructures -125 287 - - 476 857 1,058
Indirect Damage ‘ 114 299 489 - - 966 1,208
(Z ratio) : . (11.9) - (19.8) - (24.8) (32.2) (34.6)

Total Damage - 1,070 1,811 2,458 3,968 4,700

Figure 5.4.1 illustrates regional distribution of direct flood damage

in the Study Area in an event of a 100 year flood.

The flood damages of each mesh block are sunmed”in 18 sub-basins shown
in-Figure 5.4.2. The cumulative annual average-probaﬁle:flodd'démage upto
the 100-year flood is about 1,262 million pesos at 1989 price level in the
whole Study ‘Area ‘as indicated in Table 5.453.-'Th&'regibnélﬂdamége'

distribution at the sub-basin level is sét'out'beiow:
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Sub-basin No. Annual Average  Sub-basin No. Annual Average

Flood Damage- Flood Damage
(Million Pesops) - ~(Million Pesgos)
1 7.5 10 . 2.4
2 92.8 11 10.8
3 16.4 12 - - 89.7
4 22.5 13 39.1
5 180.0 14 148.9
6 127.7 15 S 18.5
7 261.9 16 - 17.8
8 100.3 17 - 58.1
g 10.1 18 57.4
Total .. - 1,261.8 Million Pesos

5.5 Assessment of Flood Damages on River Facilities
5.5.1 Records of Flood Damages on River Facilities and Structures

Records of flood damages to flood control facilities and related
structures by major floods -in recent years are shown -in Tables 5.5.1 and

Figure 5.5.1.
5.5.2 Analysis of Damage Gauses

Most of the damages caused by floods were found on dikes, eroded banks

-and groins.

Restoration. and ‘damage prevention works have : been undertaken
‘repéatedly.f_Figure:S,S.B shows the -typical cross sections ‘of dikes:at the
locations shown in Figdre 5.5.2. These sections are presently adopted in

the Study Area.

:0n: the basis3of'analySi$-of‘bank-failure sites caused by recent floods
(refer to Figure 5.5.1), it is realized that the upper aréa of Agno River,
the left bank ‘of its middle reaches and the Dipalo River which is a

tributary of the main Agno River have been damaged. almost every -year.

.sincafboth{dikes,andigrbins are ‘damaged--in - these areas, "it is

‘considered ‘that the main causes of bank failure are scouring due to .dike
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materials of silty sand and the strong tractive force on the existing dry
MASONry grbihs} On the other hand, the dégree of dike failure depends on
the quality of restoration works, such as the condition of compaction at

contact portions between existing dikes and newly constructed ones.
The causes of bridge damage are considered as follows.

~ Shortage of clearance _

- Drift current by constriction of flow area

- Unsuitable location of abutment ‘ 4

- No existing revetment and foot prbtection around abutment to

~prevent dike failure due to scouring
The méchanism of bridge failure is explained below.

The déstruction of a bridge due to a& shortage of clearance occurs when
the flpod water level rises up to the level of the superstructure and strong
dynamic loads are applied directly to the superstructure from floating
matters such as drift timber. When the flood overflows the superstructure,
the latter is washed away due to the flood flow (refer to’ No. 1 in Figure

5.5.4).

When abutment is placed in the river side as shown in: No. 2:of Figure
5.5.4, overflow of the flood due to the decrease of flow area causes
destruction of bridge, and scouring of -dike 'is triggered off by drift

currents due to constriction.

‘Destructioniaround an abutment occurs with scouring of the dike by the
flood flow due to an unsuitable location of the abutment as: ‘shown in’ No. 3
- of Figure 5.5.4.

Destruction of dikes, which consist of silty sand, occurs easily'if no
revetment and foot protection -are provxded around -the extstlng abutment as
shown in No. 4 of ‘Figure 5 5.4,

5.5.3 Sedimentation Damage to Irrigation System

NIA has. eight “irrigation systems including. ARIS " and -LATRIS in’ the
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probable inundation area. All of these irrigation systems have
sedimentation problems. Sediment caxried by irrigation water is deposited
"in the canal and the original design flow capacity cannot be maintained

‘during irrigation.

‘NIA estimates this annual average sedimentation damage to be about 81

million pesos as follows:

- Rice yield reduction 17,900 ha 77.7 million pesos.
- Desilting cost 355,000 m3 5.7 million pesos
Total annual average damage 83.4 million pesoes
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Table S5.1.1 LIST OF DESTRUCTIVE TYPHOONS RECORDED IN THE
AGNO RIVER BASIN (1962-1988)

------------------------------------------------------------------------------------------------

Calender Yazo {-day Rainfall at Renarky/
Ne.  Year of Date Agno River Nouth Return Period
o Tyhoon _ . {an} (year]
| 1962 KATR Il [8-21
2 ST RANDA - Aug . 26-Sept.d -
3 AKY Sept.3-Bept.8
1963 _ DIDING Jun, 24~30
5 1964 SREIANG dug.2-11
§ o ARIRG Sept.3-13
1 1965 - HILING Jul.[0-18 .
B 138§ : ¥o Flood
] 1469 TRIHING Gt 14-20
10 1468~ DIDANG Jul 23-29
1 RUANING Aug.18-25
12 . LUCIHG Sept.2-8
13 NITARG Sept.26-0ct,2
it 1969 Yo Plood
15 1470 o Flogd
16 131 ROSING Jul.18-21 115 1.2~year réturn period
17 ' - RRISING Oct.9-12 261 1.8-yeat return period
13 1972 - KORDING Jun.26-27 _ 21 .
I _ July 17-20 501 iD-year Return Period
20 . 191 - LUKING Jet,2-9
M 1N ILING ~Jul,18-21
it : SUSANG - Qo8- 12
8 TERING Oct. 14-11
24 WENING Ot 25-25
13 ANERG ' Hov.4-8
1] : BIDING Nov.24-29
1 1975 AVRING Jun.22-26
28 1476 BUARING - Jun. 27-Jul, 30 e d-year return period
29 1917 IMDIKG Hov.10-17
w. 1418 HIBING hug,18-26
L “ KADING Oct.26-27 152 (3-day} - L.1-year return period
o1 KAKAKG fag 9-15 : ' : : '
33 1988 - GLORIKG Hay 22-28 : ‘ : '
M NITING . Jul. 18- 178 - 1.1-year return period
% ARNG Hov. 17 ' -
3 1881 - ANDING Kov.22-25 168 I.1-year return period
371882 “BMARG Jul 12-16 . ' :
33 _ HORUING hug.30-Sept.3 82 . L0V-year return peried -
31083 BRBRNG Jul 12-16 -
A0 1984 . MARDNG Aug.27-30 400 . d-year return period
11985 - KURING “oJug, 20-23 _ 389 - {-yeat return period
42 dbING - Jun26-29 195 “1,2-year return period
4 T UsALIHG Oct. 15-20 - o
44 1985 . CGADING “Jul 1100 419 - 7-year return period .
45 . KIDING - Aug . 24-Sepk. ¢ R A
198 ISTH hug. 1219
1988 UNSANG. . eb.2l-24

kg e Ry e B e AR e o R P Y RN D O 2 e T e R M T e e e e o Rk el e e L e e

Source: 00, PAGASA
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Table 5.1.2 DAMAGE RECORDS BY TYIHOONS

Unit : Million Pesos

1972 1954 N 1986
Ttems Typhoon Typhoon-Maring . Typhoon-Gading
Pangasinan __ ‘larlac _ Nuevalicija _ Pangasinan _ Tarlac  MNveva Beija  Pangasinan Tarlac _ Nusva Bciju
Cnsualities {number of habitants) .
Affected 524391 273448 173,505 296,628 34,175 44,630 152,041 58,057 68,248
Evncunied 46191 232430 94,488 12512 - 10,158 - - -
Dead - . . 21 . . 7 . -
Injured - - - 3 - - 2 - -
Missing - - . [3 . - 5 - -
Affected house/owilding (number of bilds.) .
Totally - - - i - - 336 - -
Partially - - . 379 . - 1,076 -
Dircct Damage
Agriculure
Crops 0.6 - . 6.4 273 18.1 512 kA 0.6
Padday
Com - - . - - . - - -
Sugarcane -
Legume - - - - - - - -
COnhers - . . - - . ] . - -
Livestocks - - - 04 - B 1.9 - 0.1
Fishpond - - - 213 - - 24.1 - ©206
Sub-total 0.6 - - 28.1 213 18.1 1.2 7.1 22.3
Non-agriculture
Houee/Building )
Residential - - . - - - - -
Non-residential - - - - - - - - -
Infrastuciures
Road/Bridge - - - 5. - - 25 - -
Railways 28 . . 5.0 - - - - B
Ymigation facility - - - - - - B - -
River facility - - . 635.7 - - 54.8 - -
Water supply facility - - - - - - - - -
Telsnom,. facilivy - - - 43 - - 43 - -
Suptoldl 2% : : 755 50 37 616 152 99
Tatal 34 - - 106.6 323 2.8 138.8 223 . 312
Indirect Damage . .
Rescue & Relief Services 0z - 03 - - - .3 24 -
Totat 0.2 - 03 - - - 2.1 24 -
Grand Total 36 - 03 186.6 323 218 . 140.9 .7 322

Sources: DN, Ocd, Queson City
DA, Central Office, Pangasinan, Tarlac
PNRC, National Headquaters, Tarlae, Manils
BFAR, DAF, Pangasitan
PMP-AFCS, DPWH
Note:  Dramage values shown in the above table are indicated s the price fevel of each year.



~Table 54.1 PROBABLE FLOOD DAMAGE

vnit 2 ¥illion Pesos

________________________________________________________ - o R g Ay e bk

1. Casualities _ :
Affected People(1000 person) 938 1,066 1,176 1,370 1,406 1,435 1,457
Affected Area (km2) L2213 1,448 1,665 2,038 2,122 2,183 - 2,465

2. Oh‘ect_i]amage'
(1) Agricultural Damage

- Crops 236 269 321 388 437 467 545
- Livestocks 17 19 22 27 - 31 33 © 38
- Fishpond . 4 27 143 171 217 262 293

Sub-total 257 315 486 586 684 762 8717

"(Z)INdn—agricuTtura] Damage _ _ - : :
~ Residential Bldg. 317 433 598 731 946 1,086 1,220

0« Non-residential Bldg, 49 83 - 1AL 177 250 296 338
Sub-total 366 516 739 908 1,197 1,382 1,558
-Infrastructures _ - N
- Road/Bridge 6 35 93 . 175 245 338 418
~ Railways B 2 10 .23 40 63 77 104
- Irrigation Facility q. B 16 27 3 A3 52
~ = River Facility 8 52 92 135 175 221 259
~ Hater Supply. Facility 3 18 61 96 148 175 .. 216
- Talécommumication 0 1 3 4 5 -6 8
Sub-total 23 125 287 476 669 857 1,058
Total 646 956 1,582 1,970 2,550 3,001 3,492
3. Indirect Damage 63 114 299 489 750 966 1,208
grand Total - 709 1,070- 1,811 2,458 3,209 3,968 . 4,700

--------------------------- [ [ys— - - —————————

Note: The probable flood domage shown above {5 estimated for the entire Agno River Basin.
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Table 54.2 PROBABLE INDIRECT FLOOD DAMAGE

g A A e R e L Py AT T T LA e A R a8 A A T W S L A 4 Bk e 8 o e o e 4 oy 4 i At e ]t R g B e kA R R By e e b R e e

Probable Indirect Dawage {1000 Pesas)

Return period {year) 1.05 2 5 10 25 50 100

Damage {tem  —meeee e e et et e b i et A
~ Economic suspension _

period (days) 1 2 6 g 1 18 2

v e 8 £ e e 3 e ) e R e 4 e = e 8 R e Lk 4 e e G e e ————

Traffic suspension .
period (days) 1 2 6 9 M }1: T 21
1. Loss due to suspension of
Economic Activity ) :
(GROP in the Imundation Area) 29,609 66,676 222,780 389,344 622,014  B16,228°1,033,225

2. Extra Transportation Cost due to

Change of Traffic Routes . 590 530 540 590 540 5990 590
3. Cost due to Rescue Seriices 32,320 48,082 75,600 98,492 127,491 150,071 174,619
{5% of Probable Direct Damage)
Total 62,519 116._248 298,970 488,425 750.095_ 966,889 1,208,434_
Remarks

Total probable Flood damage {1000 pesos) 708,913 1,095,895 1,810,967 2,458,259 3,299,915 3,958,310 4,700,814

GROP per capita in 1989 (pesos) 9,480 9,480 9,480 9,480 9,480 9,480 9,480
Economic activity days a year 300 300 300 . 300 300 300 300 -
Inundation area (km2) _ 1,213 1,448 1,665 2,038 2,132 2,183 2,485
Affected people (1000 persons) 937 1,055 1,175 1,369 1,406 1,435 1,557
Probable direéct damage (1000 pesos) - 696,394 979,647 1,511,997 1,969,834 2,549,820 3,001,42t 3,402,380
Indirect damage/Direct damage (%) 9.7 11.9- - 15.8 4.8 - '29.4 - 32,2 34.6

Note : The suspension days for economic activities and traffic are assumed based
on the interviews with AFCS, DPWH and site-interviews. '



Table 5.4.3 PROBABLE ANNUAL AVERAGE FLOOD DAMAGES BY SUB-BASIN

Unit : Million Pesos

e et o el il A ek B g o e B T T AR WR WA m T R WA T S N T AR v e G e R G ek e O W e ey o G b et B R DA R WS B4 Lk R NS M e e

Sub-basin ' Return Period (year)
No. ; '......'.._.f---»--—-----s-——-.-—--——--—-;_-——wu—-.- --------------------------
1.05 2 5 10 25 50 1.00
1 0.0 1.8 4.l 5.6 6.8 7.2 7.5
2 0.0 31.7 62.0 75.7 86.1 90.3 92.8
3 0.0 5.5 10.8 13.3 15.1 15.9 16.4
& 0.0 8.2 15.5 18.7 21.0 21.9 22.5
5 0.0 51,2 111.4 141.0 164.2 174.1 180.0
6 0.0 43.5 84 .4 103.2 117.9 124.2 127.7
7 0.0 69.9 158.9 203.8 239.1 253:6 261.9
8 0.0 34.8 67.2 81.6 93.0 97.7 100.3
9 0.0 3.5 7.2 8.6 © 9.5 9.9 10.1
10 0.0 0.7 1.6 2.0 2.2 2.3 2.4
11 0.0 4.0 7.2 8.7 10.0 . 10.5 10.8
12 0.0 28.1 54.7 68.8 81.3 .86.6 .89.7
13, 0.0 13,1 $25.6 31.3 36.0 37.9 39.1
14 0.0 42.8 88.5 111.5 132.3 142.0 148.9
15 0.0 0.0 0.0 6.3 14.2 17.0 18.5
16 0.0 1.3 5.3 9.3 14.0 16.4 17.8
17 0.0 13.7 33.1 43.8 52.6 56.1 58,1
18 0.0 7.7 27.5 - 39.7 50.4 54.9 57.4
Total : 0.0 361.8 765,90 973.0 1,145.8 1,218.4 '1,261.8

— vy Y = T " o PP S b o R A 8k b ko e v m o =R R A3 o M A R ML L WM xR R T e b ey e oy A e o S b R

Note : The entire Agnb River Basin and Allied River Basins.
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Table 5.5.1

SUMMARY OF FLOOD CONTROL FACILITIES

DAMAGED BY KFLOODS

1985-Flood 1986-Flood
_ . _ 1984-Flood Jun.22-24 Tuly 9-11
River Damage Type  Aug. 28-30 ("Kuring™) ("Gading")
(Reachas) " ("Marinig™) Tun. 2830 Aug30-8¢p5
("Daling") ("Meding")
Agno River Earthdike/Revet.  (Site,m) 8 2,760 8 2,290 10 5340
(Upper)  Breaches/Gaps (P:1,000) 52,972 17,888 55402
Scoured (Site, m) - 0 4] 0 0 3 2,900
) © (P:1,000) _ 0 ' 0 2,750
Damaged Spurdike - (Site, Unir) 2 " 56 0 0 7 isg
‘ {P:1,000) 1400 -0 3,812
Agno River Earthdike/Revet, {Site, m) 1 110 ¢ 0 i 500
(Lower)} Breaches/Gaps (P:1.00(D _ 20,000 : ¢ 1,200
Scoured {Sie, m) 0 ) -0 .0 Q Lt
. (P:1,000) 0 0 ]
Damaged Spurdike  (Site, Univ) ] 0 0 0 1 4
(P:1,000) 0 0 8,120
.- Tarlac Rievr Earthdike/Revel. (Site, m} o 0 3 70 5 490
: Breaches/Ciaps (P:1,000) 0 660 - 5,845
Scoured - (Site,m) - - 0 0 0 0 v} &0
: © o {P:,000) 0 0 0
Damaged Spurdike  (Site, Unit) 0 0 0 0 3 46
: {P:1.000) 0 0 1,280
Tributaries Earthdike/Revel. (Site, m) ) 0 3 140 7 1,080
of Agno Breaches/Gaps (P:1,000) _ L0 1.000 8,300
River Scoured (Site, my 0 0 0 0 0 o
) T (P:1,000) ' 0 0 : 0
Damaged Spurdike ~ (Site, Unit) ] 0 o ) ‘8 61
(P:1,000) ] o 1,744
Allied Earthdike/Revel. -(Site, m) 4 976 1 40 -9 1.820
Rivers Breaches/Gaps (P:1.000) 8,166 231 - 8,767
Scoured (Site, m) 0 0 0 ] 0 0
(P:1,600) a 0 .0
Damaged Spurdike  (Site, Unit) 0 0 2 10 3 48
1,000 o 576 997
Total Cost of Restoration Works ~ (P:1,000) 82,538 . 20,355 109,017

Source : Agno Flood Conirol System Office, Rosales
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