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PREFACE

It is with gfeat pleasure that I present to the Government of
Republic of the Philippines this report entitled the Panay River Basin-
wide Flood Control Study.

This report e¢mbodies the result of a survey which was carried out
from August 1983 to November 1§85 for the fommulation of basin develop-
ment plan placing emphasis on the flood control plan by a study team
commissioned by the Japan International Cooperation Agency following
the request of the Government of Philippines'to the Government of

Japan,

The study team, headed by Mr. Hirosuke Takahashi, had a series of

" discussions with the officials concerned of the Government of Philippines

and conducted a wide scope of survey and data analyses.

- I sincerely hope that this report will be useful as a basic refer-

ence for development of the Panay river basin as well as the country.

I wish to express my &eep appreciation to the officials concerned
of the Government of Philippines for their close cooperation extended

to the-study team.

No?eﬁber 1985

/@m 4@

Keisuke Arita
Pr931dent '
Japan International
Cooperation Agency
Tokyo, Japan _







LETTER OF TRANSMITTAL
November, 1985
Mr. Keisuke Arita
Pr031dent

Japan Internatzonal CooPeratlon Agency,
Tokyo, Japan

Dear Sir,

We have the pleasuré of submitting herewith the Final Report on
the Panay River Basin-wide Flood Control Study.

For preparation of this report, field investigation and studies
were made for about two years starting from August. 1983. The inter—
mediate results of the studies were compiled into a series of reéports
and subm1tted to your Agency om schedule. During October 3 and October
12 of 1985, the survey team visited the Philippines again and had the
meetings to discuss about the Draft Final Reﬁort with the officials of
Philippine_Government concerned. All the findings and comments obtained

in the meetings'have been fully incbrpOrated in this Final Report.

The englneerlng and socio-economic. studles of the Report on the
level of Master Plan recommend some projects whlch are technically
sound and economically feasible. It is our sincere hope that the
proaects will be proceeded to the nexl stage of study for the early
1eallzat10n of the project as soon as poss1ble along the recommenda-

tions presented in this Repoxt.

In submitting this report, we wish to express our sincere apprecia-—
tion and gratltude to the personnel at your Agency, the Japanese Embassy

in the Phlllpplnes, and the authorities concerned of the Gove1nment of

~ Philippines represented by the Mlnlstry of Public Works and Highways

for the constant support and céoperation extended to us during our field
survey as well as home office work. '

Véry truly yoursj

H bl

Hirosukeé Takahashi
Team Leadex

Panay. River Basin-wide
Flood Control Study
(Nippon Koei Co., Ltd.)
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Notes

The currency equivalents applicable to this
report are :

US$ 1 = peso (B) 18 = Yen (¥) 234,

Construction cost estimates in this Study are
expressed in financial costs at nid-1984 price

levels.






. |SUMMARY OF PROPOSED DEVELOPMENT PROJECTS

e 6&6131&65 of pfopbse;i 't?eve_llopm'eﬁtf Projects




By this improvement .wc}rk‘_, the areas downstream of
Panitéh ﬁown'(iheludiﬁg the Panitan - Panay irrigation
area) would be relieved of flood damages caused by
floods of less than_10¥year recufreqce. ' |

Polder dykes

Polder dykes would be embanked toralieviéte flood
" damages at 4 towns/villages with high flood damage
potentiality, i.e. bao, Cuartero, Mambusao and Sigma.
Multipurpose dan

The Panay B dam would be constructed to reduce flood
- flows downstream of the dam. The dam is conceived as a
me2ltipurpose dam with a power station equipped with
7,100 XW generating facilities.

Non-structural measures -

—— T G W A S Y T W — oy g oy S —y ——

(a) Flood plain management

In'areasbupstfeam of Panitan (flood vulnefable area
220 kmzlp where flood control projects by
structural measures will not be carried out for the
time being, development should be_regulated_to.
avoid any 1ncrease,in'the_risks of future—flood
damage. For'areas'downStream'of Penifah too (flobd_

__vulnerable area 118 kmz), appropriate guidelines
for. development will have to be set since the

_ proposed Short term Plan w1ll Only qive protection
gainst a 10 -year- flood,



'_ as a provisional step. This would be replaced later by:- o

(b) "R'eloca't'ion of hou'sihg

-Relocation of h0031ng is initially proposed for twof!

1sub areas,:(i) the 1ower reaches of the Maayoﬂg?f
" river (sub—area Y1) and (ii) the middle reaches of -

;jthe Mambusao river: (sub area. M3 but exeluding_'
;Mambusao town).f Actual 1mpleMentation should; 

: however be subject to further detailed survey to be5{7
included in the feasibility investigatzons in whichi '

the practlcality of the plan.would be examined on
‘the. ba31s of ‘each’ bullding. ' IR '

Flood forecasting and warnlng system

:Advance informatién on incipient floods will bef

indispensable for efficient operatlon of structural and'
non- structural méa3ures proposed herein. Flood

:fOrecasting by a stage correlation technique is proposed'fg

.telemetered facilities. (See Fxgure 5.6-1. of maintextfc

;for locatlon of the proposed fa0111tiesJ

(2)

_2nd_Stagé wofk'f )

River improvement

e e e b i e e e S

ffAt this stage,'the bankful capacity of the riverf;~
' channels would be 1noreasea (design dlscharge. a 25-"

year flood) in the stfetches downstream of Panitan which;;
'-.WOuld have been already improved under the 1st Stages=

‘chroject.( 16 0 km would be so; improved 1ncluding the_-'

"77 Cogon floodway.




1.2

Poldefnexhee
Polder:dykee would also be constructed at 3
towns/villages, i.e. Maayon, Jamindan and Dumarao.

{3) 3rd Stage work

The 3rd stage wdrks'ﬁOuld'protebt_almoet‘all the f£1lood
vulnerable areas and thus raise the protection level up
to the 100-year flood, The protective work would include:

(a) Enlargement of bankful capacity of channels
improved in 2nd Stage {to. 0 k) _
-This would raise ‘the bankful capacity to
accommodate a 100 Year flood for the stretches'
'improved in the precedlng 2nd Stage work,

(b).ImpfoVemeht'of upstream reaches of main and
) tributary rivers {93.4 km): _ _
Improvement work would be 1nit1ated in this stage
for the river stretches prev10usly left unlmproved
x.e.(i)_middle_and upstream reaches of the Panay,
(ii) lower reaches of the Maayon aﬁd'(iii) lower
reaches of the Mambusao river.

Irrigation Development

Panitan - Panay Irrxgatlon Project

This plan would bring a total area of 3 250 ha under_
-irriqation, by 1ntegrating the existing sporadic PiS's into

one. The target yield was set at 5.0 ton/ha (paddy) A
constraint inherent in the proposed development erea is that
the itself area is prone Lo flooding. Therefore flood

" control” project in (1) above should precede implementation

of the 1rriqation project.



'iﬂéi
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1.3

-‘.........__._..__.,...._....._..._....._..___.._.._..

This project would aim to rehabllitate existing 1rr1gationj;r

facilities and to expand arable areas along the 10werfi__
'reaches ot the MambUSao river. The pro;ect coVers an areai;f“
of 2,145 ha in total. Like ‘the Panitan = Panay irrigationii7'

areay this irrlgatlon project 1s aISO located in a flood=

'_prone area. HOWever,'evaluatlon revealed ‘that the’ project?_’

would be feasible without providlng specific measure for’

. flood protection,

Roxas-City watér_ _‘suppiy’:'p__l'an .
'The Roxas Clty municxpal and 1ndustr1al water supply project'?"

proposed herein, has the following two objectives.

{a) The existing'Water supply fa01lity suffers from“-'
‘contamination hy sea water._ The primary objective of
this pro;ect would therefore. be to solve this problem(

by diverting the streamflow‘of the main Panay river toﬁ.

_ piovide a source of nncontaminated water.,}jf:

{b) The second objective would be to 1ncrea3e the oapaoitya,ff

-of existing facilities,- The - required water supply'
_ capacxty in 1995 is. projected to be 11 650 3/day, whileﬂ

the - present supply capacity is. 4 200 m3/day. ”The-%”*
proposed intake and. transmission fac1lities would make_d‘;

B available an additional 74 450 ‘m3 of water a day.g-‘

Due to the urgency of item (a), the work should be givenf{ff

"priority for its early implementation. o




1.4 Hydrop0wef'Genefation Plan

The Panay B dam, which would'te prbpoéed‘as-part of the 1st
Stage work of the flood COntrol project, could be cohpleted_

by 1994, The power supply and. demand balance 1ndlcates that
the Panay Grid will be’ faced w1th a shortage in supply
'capacity around 1995.‘ This would justify the comm1551on1ng
of the_Panay B‘power_station:by that date. The eiectric
power-generated at;the Panay B powefjstation'WOuld-be
transmitted to the Panitan sebstatioh (138/69 kVv) and thus
feed the Panay Grid. The installed Capacity of the Panay B
- power station would be 7,100 kW, and the annual energy
productlon would amount to 31.4 GWwh. ' |

2. 'Implemehtation'schedule

Selective staged implementation has been pfoposeﬁ for the .
£lood control project; initially a tst stage project, followed by
2nd and 3rd stage projects.' The two latter would be realized
when future damage potentlals increase and the projects become
économically viable (EIRR of more than 8%).‘ The proposed
implementation schedules, includlng those of other projects, are |
presented in the attached table,

3. -COﬁstruCtion-Cost Estimate_

. The total constructlon cost of the above proposed projects
was estimated to be BS; 820 X 100 at 1984 prices.. Breakdowns by
project are presented in the attached table. R ‘

Ty

4, Economic EValuation

The - eCOHOmic viabllity of the proposed projects was-
“evaluated based on costs and beneflts assessed for each project-
‘ALl the proposed schemes are deemed to be eCOnomically favourable
fpro;eots, as represented by favorable economic indices (EIRR

I



ranges from 8,1% to 25.73). The results of evaluation aré shown

in the attached table,

5. 'Summary'of Récomméndéﬁioné: _ L

In view of the economic viability of the projects andﬁw'

“_1ncrea51ng social needs in’ ‘the basin, f0110w up action should be  ;

taken to achieve early implementation of the proposed pro;actsgoﬂ,
The next- phase studies which should be started at the earliestiff
opportunity are: : S A

{a) A Feasibility Study of the 1st Stage Flood Control’f_
_Project, including riVer 1mprovement work, p°1derSL '_
_Panay ‘B dam,'non structural measures and floodi?o
f.forecasting/warning system. ' ' ‘

.(b)_Defailed'Désigh_of Rbkas'Cit? Wafot Supply‘§r¢ié¢§o*"

(c) Feasibility Studies of Panitan- Panay aﬁdrméﬁﬁﬁéao'
irrigation Projects L o '
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1984 November Flood Photo No. 1 (rakqnﬁgp qu, 6)

Typhoon "Undang" hit the Panay river basin on Nov. 5, 1984 and caused
the flood with serious damage.

This picture shows the scene of submerged road connecting the two
towns of Mambusao and Sigma and the surrounding paddy fields,

The water is flooded from the Mambusao river located on the left

side of this picture.

2t Dt
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1984 November Flood Photo No. 2 (taken on Nov. 8)

This picture shows a view of the submerged road conmecting the two
towns of Panay and Pontevedra and the surrounding paddy fields/

houses at Agbalo village. The water has overflowed from the Pontevedra
river seen at the right side of this picture.
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1984 November Flood Photo No. 3 (taken on Nov. 7)

This picture shows the scene of submerged road connecting the two
towns of Panay and Pontevedra. The JICA jeep seen in the picture
had to give up going to the Pontevedra town on the way due to the
deeper water depth and high flow velocity.

1984 November Flood Photo No. 4 (taken on Nov. 9)

Th%s picture_shows the paddy fieids along the Pontevedra river
which are still submerged even 4 days after the typhoon attack.
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CHAETER I. INTRODUCTION

1.1 The Study

The Panay River basin is afflicted by Eloods almost every year..
No effective countermeasures have béen taken until today to alleviate
damage from floods, The flood igsue in the Panay River baain has long
hanpered the econonie development of the basin area and hindered the
livelihood of loeal.residents. ' .

With such a_baekground, the Panay Rivér basin was one of the river
basins chosen for study in the “Nationwide Flood Control Planh:whiéh was
carried out from 1979 through 1982 to propose flood ¢ontrol plans for the
twelve principal rivers of the Phillippines. As a result of this master
plan study, the necessity for further study on flood control in the Panay

River basin was confirmed.

The Government of the Philippines.acCotdingly requested the Government
of Japan to provide technical cooperation in undertaking the Panay'RiVef
Basin-wide Flood Contrel Study (the Study), and the Government of Japan

agreed

The Scope of Work for the Study was agreed upotr en December 17, 1982,
between the Covernment of the Philippines and the Japan International
Cooperation Agency'(JICA); an execoting agency to carry out the Study.
The Study was completed by the end of July 1985.

The objective of the Study was to formulate an integrated water
rasources development plan for the Panay River basin., The Study covers

various aspects related to basin water resources development, includ~

ing investigation of soeio~economy ang hydrology, planning for flood eontrol,

'agricultural development, groundwater development multiputpose dam, water

supply and land use. In the Study, particular emph351s was placed on the
flood_control-aepect in view of its importance in the framework of the

basin development plan.



Prior to this Study, another JICA project on the Panay river basin,
completed in July 1984, has supervised topographic survey

land had extended guidance in mapping. As its oultcome, maps of 1 to
10,000 were produced covering all areas along the Panay river and its
tributaries. These maps have greatly contributed to clarifying the extent of
inundation areas and flood water levels, which constituted the basis of
flood damage assessment and precisc estimation of work quantities for
protective measures. The intended level of accuracy of this Study would
not have been vealized if it could use only the previously available 1
to 30,000 maps. The topographic information contzined in these maps
was of importance not only for this Study but for subsequent planniang
stages for river channel jmprovement, irrigation development and road
development,'and for formulating other basin development plans in the

future.

1.2 Reports

This report consists of the executive.summary, the main repore, thirteen
appendices and two data books being contained in 8 volumes listed below.

— Executive Summary Report
~ Main Report

— Supporting Report I  : Appendix 1 Meteorological and
Hydrological Study

Appendix 11 Geology and Ground Water
Appendix II1  Flood Damage Study
Appendix IV Flood Control Planm

-

- Supporting Report II

Appendix V Multipurpose Dam Plan
- Supporting Report I11 : Appendix VI Agricultural Development
_ Plan o
Appendix VII  Irrigation Development
' Plan

- -

Appendix VIII Water Supply Plan _
Appendix IX Socioveéonoﬁy :

—~ Supporting Report 1V

Appendix X Power Demand and Supply
Appendix XI Environmental Study
Appendix XIT  Construction Cost Study

Appendix XTII Additional Investigation
on November 1984 Flood

- Data Book I
- Data Book II



&

The "Executlve Summary Report” outlines the gist of the Team's
investigations and recorwiendations. The "Main leport" presents the
summarized vesults of all the studies. The "Supportihg'RepOrts“ contain
the details of respettivé'sectoral studies inciuding data, analyses and
estimates. Aside from these repdrts,:field data collected from meteo-
hydrological and geological investigations are embodied separately in
the 'Data Books'",

1.3 Ackndwlegements

The Study Team wishes to express its heartfelt grat1tude and 51ncere
appreciation to all the concerned officials and staff of the government
agencies for their substantial collaboration rendered during-the course
of the Study. In particilar, the Team acknowledges invaluable assistance
received from the Min1stry of Public Works and Highways (MPWH) which was

the counterpart executing agency in the Study.

Thanks are also extended for the cooperative responses
accorded to the Team's activities in the fleld by MPWH regional'directors
and engineers as well by officials of other regional and provincial

offices,



CHAPTER I11. BACKGROUND

2.1 Need for Developaent

The Panay river mainstream is joined by its major tributaries (the
Badbaran, Mambusac and Maayon rivers) in its middle reaches where an ex-
tensive flood plain is'developed. These tributavies carry the runoff of
occasional storms, causing inundation in the middle reach palin. _

The aggregated riverflow rushes downstream through meandering channels in

the middle reach, until it drains into Pilar Bay. Due mainly to the mean-
dering viver channel and siltation near the estuary, the flow capacity of

the lower Panay is not sufficient to accommodate the aggregated flood flow,
and thus frequent inundation is caused in the downstream areas as well.
Despite this flooding problem, the Panay river is still in its natural
condition without any major river channel improvement works having been

done or artificial dyvkes constructed, except for some revetment works provided

in parts of eroded river banks.

Typhoons attack Panay island about once in every two years, causing
heévy rainfall on the island. Most of the severe floods éxperienced in the
Panay basin are concentrated in the typhoon period. These floodprone areas
along the middle and lower reaches of the Panay are a ceaters of agricultural
production and the major forms are concentration of ecounomic activities.

The flood issue in the Panay river basin has thus long been a constraint

to the economic development in the area as well as to the stabiliza-

tion of livelihood of local iuhabitants. In preparing the basin development
plan, it ig therefore of primary importance to consider counterneasures

against this flood probiem.

Paddy fields are developed in widespread areas along the river but
present paddy production remains at a low to moderate level (2.6 to
3.1 tonfha). Productivity could be increased by providing systematic irri-
gation facilities. In this regard, irrigation development will bte one of

the aspects to be discussed in the basin developwent study.



Domestic and indﬁstriél water supply in the Panay river badin ié still
very limited.  The largest existing supply system is the Roxas City Water
Distriect (RGXrWD) A problem of special importanCe is contamination due to
intrusion of seawater into the intake site. - Apart from this, new water
sources will have to be explored to meet the increasing water demand._
Improvement in terms of both quality and quantity of the water supply will
ba dealt with in this Study.

The ample streanf low of the Panay river, the 1esult of abundant rain—
fall exceeding 3,500 mm in places , opens & good possibllities for hydropower
development particularly in the western mountainous area along the upper
Panay river., Development of hydropower will_give impetus to sgagnated

electrical supply in the Panay island.

Taking into account the above_deVelopmentneedé; the primary objective

. of this Study was to ameliorate the flood problems of the Panay river.

A comprehensive flood control plan was therefore requifed for the core of
the basin-wide development project, supported by and coordinated with
considerations of other specific water resources development projects, such

as irrigation development, water supply aud hydropower generatioh.

2.2 Past Floods in the Basin

The Panay river basin has experienced 19 typhoons and 11 tropical
storms during 36 years from 1948 to 1983 , whereby flooding of varying
extent has been caused, Notable flood events in the past decades occurred
in November 1973, May 1976 and November 1984, The largest of these was
in 1973_ahd caused by'thedTyphoon "Openg". This fiodd céused widespread
inundatfon in the Panay rivef basin. The aséociatedidamage was reported to
be BS7.4 million at the 1973 price levels or B34l millioh'at'éurreﬁt (1984)

price levels.

The flood in 1984, caused by the passing Typhoon "“Undang', was another
unforgettable flood event in the Panay river basin. The Undang -



.flopd caused extensive damage in the northern part bf ?énﬂY Isiand,
Inundation of the Panay river fuflicted damége on 78,691 units of
residential bulldings in Capiz province. The total damage caused by the
Undang flood was $247.6 millionil “al current price levels, more than

half of which was affiicted on Capiz province.

The Undang flood was of special importance to the Study. The meteo-
hydrological data concerning the Undang flood are by far better than
for any other floods including the Openg. AnalySLS of flood hydrology
would have been best achieved by the use of the Undang flood records but,
because it took piace near the end of the field investigation period,
the draft final report of the Study could only make limited use of
its data. Additional investigations, conducted in June 1985, assembled
. the data for flood hydrdlogy and damage, such as rainfall, runoff, flood
marks and inundation conditions, and the revised analysis of the Undang

flood are reflected fully in this final report ef the Study.

2.3 Recommendations in'Pfevious'Studieé

2.3.1 Previous Studies

In commection w1th the development of the Panay river basin, there

have been two previous studies, which pr0v1ded valuable information for

the present study. The were:

(a) Nationwide Flood Control Plan and River Dredging Program
River Dredglng Project (Vovember 1982)

(b) Framework Plan of Western Visayas Region Panay River Basin
(January 1977 by NWRC)

- The two reports will be referred to as the "Nationwide Flood
Control Plan” and "Framework FPlan” respectively. Briel explanations of

these reports are given hereinbelow.

/1 Based on flood damage estimation detailed in Appendix XIII.



ol
o

Nationwlde Flood Control Plan

The. Study was made by NippOn'Kﬁei Co., Ltd, in association with
Nikken Consultants Inc. and Basic Technology and- Management
Corporation commissioned by the Ministry of Public Works and

Highways (MPWH),

One of the objectives of the Study was to formulate a nationwide
flood coatrol plan at master plan level for 12 selected major

rivers in the whble'countrya The Panay river was one of these.

The study.was madg to a considerable depth in regafd to fleood
control, but aspects such as water resources development
such as irrigation, water supply and hydropower generation were

out of the scope of the Study.

Framework Plan

“This repOrt'waS‘prepared'by the National Water Resources Council

(NWRC) to provide a broad framework for analysis of water and land

" resource problems in the Panay river basin and to establish guide—

lines for planners in developing a comprehensive river basin. plan

for the Panay river basin,

The report included basic information such as preeipitation; stream- -
flow, population, water requirement, land use, soil distribution
and exisfiﬁg development plans, The information was quite helpful
in this Study.

2.3.2 oOutline of Plan Proposed in Nationwide Flood Control St&dy

In the report of the "Nationwide Flood Control Plan", the flood

contral plans for the Panay river were formulated as follows:

Basic Plan

Tﬁe basic master plan proposed in the report assumed a_design flood

of a 100-year return period. The proposéd plan was to protect the



flood plain by'embanking levees,‘improving river channels and
constructing a flood contrel dam on the Badbaran river, a tributary

of the Panay river.

In this plan, river improvement work was proposed along the
channels of the Panay river except in the lower Panay, Badbaran

Mambusao and the Pontevedra rivers.

First Phase Plan

The report recommended a stage-wise development of the above basic

plan, in which the first phase plan assumed a reduccd design flobd of

25-year recurrence, The first phase plan was basically the sane s
as the basic plan in regard Lo the proposed structures aud the

scope of improvement:

Of the proposed works, the report further recommended the early
protection of downstream-most reaches (the Pontevedra rlver),
which 15 the most frequently flooded area, as the first step of
-the First Phase Plan.. The channel improvement of upper stretches
and the construction of the Badbaran dam were proposed as

second storage works.

These recommendations in the previous stﬁdy were duly taken Into

account ip preparing the present study,
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CHAPTER II1. PROJECT AREA

3.1 The Panay River Basin

The Panay river basin'drains an area of approxiﬁately'2,181 kmz,
It has a length of about 152 km élohg its mainstream. . The basin is
located on the northeastern part of the Island in the Western Visayas
Region and encompasses almost the entire_pfovince of Capiz, with
small parts lyilng within the provinces 6f.Iloiio and Aklan, The'bésin _
1s bounded on the south by the province of Iloile and on the west by the
Panay highlands which separate it from the province of Antique.7.The
northwestern boundary is the Aklan province and in the north is Sapian

Bay.

The upstream part of the Panay river basin is composed of the Upper
Panay tiver mainstream basin and three major tributary basins, the

Badbaran, Mambusac, and Maayon river basins:

The Upper Panay river rises in the high mountain_range which con-

- stitutes the western water divide of the Panay river hasin. The
Panay river flows southward first, then changes its direction

eastward and again northeastward.

The Mambusao river rises also in northern part of the high mountaln

range of the western water—divide of the Panay river bas1n and

flows eastward joining the Panay River near the town of Dao.

The Badbaran river rises in the eastern watershed, which is formed

by low rénges of mountains with the highest elevation at about 500 m.
The Badbaran river basin is very ‘gentle generally {n the southern
part as opposed to the steep slope in the notthern part.' The
Badbaran river flows westward formlng considerable meanderings in

‘the low gentle plain.

The Maayon. river, which flows westward joining the_Ppﬁay'river near

Maayon, originates in mountain ranges elevated several hundred meters,

which constitutes the eastern water-divide of the Panay river basin.



The middle reach of the Panay rvuns in a slightly dissected, meander-
ing river channel, Along the stretches between the confluence with the
Maaybn and with the Mambusae in particular, the meandering river course
has leff numerous oxbows. The sub-basins along fhe middte and lower
reaches of the Panay viver ave mostly a flat alluvial plain, devoted
primarily to rice production. Natural levees are barely formed élong the

Panay river.

Near the estuary, the Panay river bifurcates into the Lower Panay and
the Pontevedra rivers, about 5 km downstream of the town of Panitan. The
river drains mainly into the Pontevedra, with only a small portion Qf the
streamflow diverted into the Lower Panay. The lower-most stretch of the
Pontevedra passes through artificial dykes in the fishpond area and branches

off to the Hamulaoun river, before it flushes out into the sea.

Figure 3,1~1 presents the general location map of the Panay river basin.

3.2 Natural Conditions

3.2.1 Meteo-hydrology

The climate of the basin is classified as type 111 by PAGASA, which
is characterized by a moderate deviation of the climatic condition through
the year though the actual climate in the basin is somewhat different
The air temperature and relatlve humidity in the basin averages 27°C and
817 respectlvely, both with only small monthly dev1atlons. Seen 1in detail,
the three months from February to Aprll are generally drierx than the rest
of the year, wlth a monthly rainfall of less than 100 mm, whereas the six
months from June to November are wet, with a monthly rainfall often exceed-
ing. 200 mm. The three months in-between are transition periods. The
annual rainfall.iﬁ the Panay river basin is estimated td be 2,550 mm on a
basin average, though it widely deviates from as high as 3,500 mm in the
mountainous area near the western watershed to 2,000 mm in the southeastern
area as showa in Fiﬁure 3.2-1. There are 16 rainfall gages in opération at
present, dispersed quite evenly i1 the basin except in mountalnous areas

near the western and eastern water= divides.
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The streamflow of the Panay tiver has been measured at 11 stream

gauglng stations, of which, 8 are in operation at present._ At the

‘pifurcation point to the. Pontevedra river’ (catchment area 1,976 kmz),

for example, the annual discharge is estimated to be 2 920){105 m3
which corresponds to 92.6 wd/sec of mean discharge. The dependable
discharge (of 95% of firmness) at the same point is 16.2 mjlsec. The

location of the stream gauges are given i Figure 3. 2 2

Intensive rainfalls in the basin are mostly caused by’ passing
typhoons.. According to the past records, 19 typhoons visited Ehe Panay
Island duting the 37- year period from 1948 to 1984, or in other words,

once in every two years. Noteworthy typhoons, which caused rémarkable

 floods in the Panay river basin, were the Openg typhoon in November 1973

and thenUndang typthn in Houember 1984, The Openg flood was. probably
the largest in the post- war period wlth the estimated return period of
25 years. In the event of the Openg typhoon 3-day rainfall was . observed
as 269.6 mm at Roxas city, 384.8 mm at President Roxas, 519.1 mm at
Libaceo'(Aklan), and 665 5 mm at Culesd,(Antique) The instantaneous peak
discharge inducea- by the floéod was 1,420 m3lsec at Cuartero. '

The flood caused by the Undang typhoon in‘1984 was slightly less
intensive than the Openg flood. The flood event was asséssed to corre-
spond to 1D-year recurrence. The impbrtance of the Undang flood was
that the outburst of the flood, including the heavy downfall of rain,
was quite readily recorded in the meteo—hydrological-ebservation network
newly established ia the Panay river basin. The observed 3—day tainfall
was 104.0 mm at Roxas city, 163.6 mm at President Roxas, 138.0 mo at
Lihacao (Aklan) and 167.7 mm at Culasi (Antique). The instantaneous
peak discharge of the flood was 1,080 md/see at Cuartero and 1,450 mjlsec
at Panitan, and the above estimation of discharge is supported by the

~actual discharge measurement perforned by the study. team at the time of

the flood., Concerning the tnindation from streanflow, flood marks were
collected through0ut ‘the river basin:by hearings w1th Iocal‘resrdents as'
part of the additional field investigations.- The flood'flow’analysis and
simulation of 1nundation in this report has been reconstructed based on

the collected ‘records of the Undang ‘flood,



3.2.2 CGeology

The Upper ?anay and Mambusao basin afeas are composed of ﬁodefétély
hard consolidated conglomerate, sandstone and siltstone of OligdCeﬁe—
Miocene age. By contrast, the areas of the Badbaran and Mééydn rivers
are composed of andesitic VOicanic breccia of Upper Miocene - Pliocene |

age and andesite of Oligocene age.

The middle part of the river basin is hilly with a low.gentle topo-
graphy. These hills are composed of moderately soft consolidated
siltstone, claystone, sandsteone and conglomerate of upper Miocene -

Fliocene age.

In further downstream areéa, wide and flat cultivated lands are
developed aleng the main Panay river channel. The avea is composed of

Quarternary alluvial and diluvial deposits.

In addition to the lithologic units stated above, several other
types of rocks are also'obsefved in the river basin. These rock units
are limestone of Piiocene - Pleistocene age, moderately hard consolidated
sandstone of upper Miocene - Pliocene age, and hard sandstone of Oligocene

age,

Most of lithologic units in the Panay basin belong to the relatively
young geological age. Rocks are generally moderately soft except for
andesitic volcanic breccia, hard sandstone, hard conglomerate, and ldime-

stone._

The geologleal map of the Panay river basih_is shownr in Figure 3.2-3.

3.2.3 Groundwater Potential

In the Framework Plén_by NHRC, - the éverage annual precipitation over
the Panay river basin is gestimated to be 88 1tr/sec per square km, The
calculated groundwater contribution on the Panay river and its tributa-

ries 1s 25 ltr/sec per square km.

The balance of 63 ltr/sec {s estimated to be evapotranspiration and

surface and subsurface runoffs,
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Along the main river channels, there develops a wide flat cultlvated
plain formed by alluvial deposits. As the alluyial deposits haye been
derived from weathered clayey materials, coarse deposits rarely exists in
the area. The depth of alluvial depoSIts is about 10 m to 20 m in the

middle reaches and about 30 m or more in the lower reaches.

The alluvial aquifers of the alluvial deposits develop over several
kilometers in width in the middle reaches of the Panay fiver-and in the
lower reaches of the Mambusao and the Maayon rivers. A wide extending

alluvial aquifer occurs in the areas of the lower Panay river and thé

Pontevedvra river. However, the lower réaches of these areas are c¢lose to

the coastal swamp area, where seawatér intrusion is commanly obsérved.

Based on survejsrof existing wells in the basin, the_aﬁefagé statié
water level (groundwater_level).is'in the range hf %0,3 m tb;-17;5 m below
ground surface, mostly within a shallow depth of -5,0 m. The shallowest
average static water levél is ~1.7 m below grdund'surface in the Panay
town and the deepest average static water level is -5.6 m below ground
surface in Dumarao. The groundwater level of the basin averages —-3.0 m
below_tﬁe ground surface. In general, static water levels are at relativety

shallow depths.

The existing wells are located mostly in the populated areas aléng
the main tributaries of the Panay river, such as the towns of Tapaz,
Dumalag,. Dumarao, Cuartero, Dao, Sigma, Panitan, Mambusao, Jamindan,

Maayon, Ponteﬁedta, Panay'aﬁd the Roxas city.

According to the.summary-of the inventory survey on the EXistiﬁg
wells dnly about 50 welis out of 108 inventoried wellé supply water are
acceptable fof'dfinkihg purpose. The rcmaining wells yleld water of low
quality, such as salty taste, foul smell, or coloured, ete. - The chief
reasons for the low water qual;ty are malfungcioping aquife;s containing
silt_matérialé, pollyti@h'by'séwage water, insufficieﬁt nafural,filtra-
tion'and sS¢ on. _SeaWater intyuéipn is_ong of tﬁe causes of saltyjtaste
of water. During'the survey, this was_confir@gd in 15 wélls,.especiaLly'

in the area of the lower Panay and the lower Pontevedra,

Judging from the result of surveys stated above, the potential of -

' grounwater explolitation is concluded to be poor due hainly o its -



quality. A large scale deveigpment of groundwater will not be prospective,
although minor exploitation will still be possible as water sources for

local or private uses.

3.3 Land Use

3.3.1 Present Land Use in the Panay River Basin

Thé present conditions of land use in the Panay river basin were
- clarified by ‘'use of aerial photographs at a scale of 1/20,000 taken in
1983. The areas and proportions of each land use item are summarized
below. Table 3.3-1 gives the details 6f land use categories by province,
city and municipality concerned in the Panay river basin. The schematic

land ugse map of the basin area is presénted in Figure 3.3-1.

Land Use in Panay River Basin

Land Use Category '?zzi Prog;;tion

Paddy 40,960 19
Sugarcane Uplaud crops 48,530 - 21
Orchards (Coconut) 7,740 )
Pasture/Grassland . 8,410 _
Scrub _ 86,730 40
Forest 11,880
Marshes/Swamps 1,850
Fisﬁponds - - 10,560
Builtup area/Village yards ' 1,540

 Total | | 218,200 100

As seen in the table above, agricultural land uses account for 48%
of the total basin area while 45% of the area is covered with shrub and
forest, without any 1ntens1ve use. Industrial or commercial land uses

are only negllgible in terms of the area,



>

The alluvial plaln is principally cultivated for production of rice.
The uplands and vrolling areas are adapted to diversified farming,
particularly of . sugarcane and upland rice, or to grazing. . The mountainous
areas are covered with secondary forests of scrub, resulted ftom slash

and burn agriculture., Alwost all the fishponds constructed on the low-

lying land along the seashores were exploited on Ofigiﬁal marshes

or swamps, parts of which still exist in a limited scale.

(1) Agriculteral land use

Rice is the main crop in the basln. Paddy fields occupy an aggre-
gated area of 40,960 ha or l9£ of the basin total, which are mainly
distributed on the alluvial plain along the middle and’ lower reaches of =
the Panay. In the municipalities of Dao, Dumarao, Mambusao and - Panay, '
paddy cultivation forms the staple land use, Double or triple crOpping
is widely uraeticeds__ ' ' .

The area developed for cultivation of sugarcane and upland crops is
estlmated at about 48,530 ha or 21% of the basin tétal. The planting of
sugarcane is concentrated in the mun1cipalities of Dumarao Maayon and
Tapaz. Small scattered plantlngs that cannot be 1ndicated separately on’

a small-scale map are also found widely in the basin.

The areas covered with coconut are 7,740 ha or 4% of the basin total.

They are situated mostly along the shores and in home yards. -

(2) Other land use

Fishponds occupy an aggrpgated area of 10, 560 ha or 5% of the basin
total, 30% of which is for prawn and 70Z for milkfish Fish culture is

conducted more 1ntensively than in other rcgions in the Phlllppines.

Scrub extends uidely'OVer the elevated slopes, and is the‘largestn
constituent in terms of its proportion.  Most of the scrub land demarcated
here is not suitable for future agricaltural deveIOpmcnt ma1nly because
of erodability of seil. However, scrub plays an Important role in soil

and water conservation.



The built~up arcas are still very small in proportion to the total
area of the basin, accounting enly for 1% of the area: Commercial
and industrial land uses are negligible. The land uses f[or residential,
commercial and industrial purposes will certainly expand in the future,

as the population of the tasin grows and the regional economy develops.

3.3.2 Present Land Use in the Flood Vulnerable Area

The areas along the middle and lower reaches of the Panay river are
prone to inundation, due mainly to the inadequate capacity of the
present river chanmnel, as stated in preceding Chapter II. The areas that

would be inundated by 5- and 100-year floods are shown in Figure 3.3-2.

The flood vulnerable area is defined in this Study by the areas that
would be inundated by the 100-year probable fiood, under the present
conditions of the river. The flood vulnerable area covers the lowlands
along the éoast, the alluﬁial pléins along niddle and lower reaches of
the Panay river and the areas along.the lower reaches of the Mambusao
and Maayon rivers. The flood vulnerable area encompésses a total area of
338‘kﬁ2, which accounts for 15% of the basin area ér about a quarter of
the usable area, and is inhabited by 121,300 of residents, or 27% of the
basin population, The population and land use of the flood vulnerable

area are shown in the table below:

Population and Land Use of Flood Vulnerable Area

' Flood
Iten Basin Total Vulnerable Percentage
. area (%)

Population 447,800 121,300 27.1
Area (ha) o o

~ paddy field 40,960 18,944 46,3

- Sugarcane 48,530 3,849 7.9

- Fishpond : -10,560 : 1,137 10.8

- Others 114,760 9,886 8.6

Total 218,200 33,816 15.5



The flood vulnerable area includes 18,944 ha of paddy flelds, which
ar¢ widely distributed on the alluvial plains along the'riyerg The paddy
fields in the flood vulnerable.areaa aﬁbve account for.462 pf'allithe
paddy fields in the river basin. Since rice production_in‘fﬁis basin
is the primary economic activity'that suhtain the régional econtmy, the
protectien of farmland, partlcularly paddy fields, from flood damage - should

be given a special’ importance.

The shgéfcane in this basin is cultivated_ai high elevations, and,
therefore, the area of sugarcane fields that falls -in the flood vulnerable

area is only 3,849 ha or about 8% of the basin total.

Some 1, 137 ha, or 11% of the basin total of the fishponds, arer
included in the flood vulnerable area, whtch are exp101ted almost exclu—
sively near the: estuary. The fishponds are dyked, and extensive inuadaf
tion is unlikely to take.piace, unless the seawater should extraordinarily

rise due -to a storm surge.

In order to clarify the regional distribution of the land use pattern
in the areas that would be inundated by floods, a more dérailéd.study'ﬁas'
made by using a systematic mesh map."Table 3.3-2 presents the land use
of areas inundated by 100-year floods, by 23.river_stfetches or sub-areas
which are established to clarify the’regioaal diStribation'of flood
damage. The ‘divisions of the sub-areas are shown in Flgure 3.3-3. . As
seen from the table, paddy fields would be the largest land use category
in all the upper, middle and lower basins. Inundation of paddy Fields
is particularly 81gnif1cant in lower-and middle reaches of the Panay
river (Sub-area P1, PS5 and P8) and in the Balacuan sub—basin area (Suh—
area H?}' A 1arge proportlon of the sugarcane Occurs 1n the mlddle o upper
areas along the Panay river. Fishponds are almost exclusively found in
the downstream-most Pontevedra area (Sub-area Pi}. . The land use pattern

in the flood:vulnerable area is shown in detail in Figure 3.3-4.



3.4  Socio-Economy

3.4.1 Ceﬁerai

Approximately 90% of the Panay river basin, 2,181 km? in total area,
belongs to the province of Capiz and the remaiﬁing 10% belonpgs to the pro-
vinces of Iloilo and Aklan. The Capiz province consists of the city of
Roxas and 14 municipalities among which 12 municipalities are sitvated
wholly or partly in the viver basin. Capiz, Iloilo and Aklan belong to
Region VI (Western Qisayas), administratively, '

Region VI, comprising two principal islands, Panay and Negros, covers
an area of 20,223 kmZ, It is ﬁade up of five (5) provincés; Aklan with
an area of 1,818 kn2, Antique with 2,522 kmz, Capiz with'2.633 kmz,

Iloilo with 5,324 kn? and Negros Occidential with 7,926 km2, The former
four (4) provinces are located on the Panay Island and the last on the

Negros Island.

3.4.2 Population

According to the 1980 census by NCSO, the population within the
Panay river basin was 447,844, while the population in the same census
of the Capiz province was 492,231, The majority of the population within
the basin are Capiznons and the remainder Ilongos. Among 73 provinces

of the Philippines, Capiz ranks 34th in terms of population.

The average annual growth rate of the popﬁlation in the province of
Capiz dﬁring 1970.-1980 was calcﬁlated to be 2{372, cbmpared witﬂ 2.25% for
Region VI and 2;?5% for.thé whble-country. The growth rate of the basin
population is lower than that of the whole country, but élightly higher
than that qf.Régiou VI;

In the river basin, the pbpuiation of productive ages, namely those
in 15~ to 64-year age group, was 52.2% of the total population in 1980.
As for the whole country and Region VI, it was 54.6% and 53.6% respectively.
Although the population of the productive age group in Capiz is increaéing
year bj year, the percentage to the total population is still lower than
those of the éountry.and in Region VI.
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In the Philippines, agriculture and 1ts related industries provide _

more job opportunlties for Lhe labor populatlon than other 1ndustrial

sections. The sector absorbed 67. 2/ of gainful workers in Capiz 1n 1980,

while the seetor of the eountry and Reglon Vi absorbcd 51 4/ and 60 S% of

the gainful workers in the same year respect1ve1y. Therefore 1t is sa1d

that the ba51n economy depends more on agrlcultural actlvzties than in

other areas in the country.

The populatlon density was. 186 9 persona per kmz in 1980._ This was
larger than 160.3 persons per km2 for the whole country and was smaller
than 223.8 persons per ka for Region VI.' In Caplz, the populat1on in
the urban areas was 13 SA of the total population. As for the urban
populatlon, Capiz ranks 66th among ?3 provinces. The average number.per
family in the basin was 5.7 persons in 1980, compared ulth S.o
persons for the whole country and 5.8 peraons for Regiod VI, in the samé

year.

The future populatron in the basin is pro;eeted to be 5713, 000 in 1990,
699,000 in 2000 and 825,000 in 2020 as shown in Table 3.4-1. Average
growth rates during 1980 - 2000 and 2000 - 2020 are calculated as 2.1% and
1.0% respectively Future famxly size is projected to dectease from 5 7
persons in 1980 to 5. 1 in 2020. . A '

3.4.3 .Gross chiOnaI Domestie Product

GRDP {(Gross Regional bomestic Product) of Region VI amounted to |
B8,288 million in 1983 at the‘1972 constant prices. This.accounted for
8.3% of GOP.of B100,125 willion for the nation. Amongethe‘GRDP‘of Region
Vi, £3,171 million (38.3%) was contributed by the‘agrieuitural:aeetor,
B2,380 million (28.7%) by the 1ndustria1:sector'and P2,737 million (33.07)

by the services sector.

The per capita GRDP of Region VI in 1983 ammounted to ?1 691 at the
1972 constant prices, which corresponded to 87. 8A of the per c¢apita GBP
of Bl, 927. On the ather hand, the per capita GRDP in 1983 at current
prices was B5,952, which corresponded to 81. 2% of the per capita GDP of
27,330,  This implies that development in Region VI is: slightly sluggish
compared with that in the nation.
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NEDA preﬁared a projection of GRDP in Region VI in June 1984, although
it covered only a S5-year perlod from 1983 to 1987, Since there is no
pertinent long-term econemic projection, future GRDP was estimated in this
Study by assuming that it would grow in proportion to GDP. In the Study,
the functional relationship between GDP and GRDP was assumed td.be linear,
based oﬁ past data. CRDP in Capiz was also assumed to change in proportion

to GRDP in Region VI, Results of the projection'are given in Table 3.442.

It is assumed that after 1992, GDP of the Philippines will grow at
a rate of 6.5% per annum on an average. Based on Tabie 3.4-2, however,
GRDP in Rogidn VI will grow at a somewhat smaller rate than GDP, Although
per capita GRDP in Capiz is relativeiy high compared with that of other
provinces in Region VI as shown in the table, it is still low compared with

the per capita GBP in the country,

3.4.4 Industries in the basin

(1) Agriculture, fishery and forestry

- Paddy
Paddy is a staple product of Capiz, In 1981, the paddy production in

Capiz was approximately 275,000 tons, corresponding to 21% of the
regional production (1,273,000 tons) and 3.5% of the national pro-
duction (7,723,000 tons). This shows that Caplz is an important rice
producer in Region VI and in the country.

Sugarcane

Sugarcane, one of the major products for foreign currency earnings,

is a principal product of Region VI. Sugarcane production in the
Region' in 1981'corresp6nded to about 27% of the. total production in the
country. Caplz also produces sugarcane as oné of the principal crops
in the province. However, the percentage of sugavcane production

in Capié to that of the Region is oﬁly 4%, and therefore, the role

of Capiz in sugarcane production is relatively small.
Coxrn

Corn is an important crop, second to rice among cereals, especially

during the lean months of the year. Although corn production in the
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Region in 1981-wa3_qn1y 2% of that in the whole country, about 16%

of its production comes frof Capiz.

Other cfbgs _

The share of bahana and other fruits produced in the'Région'is about

10% of the national productioﬁ. The fruit production in Capiz, how-
ever, is only 5% of the reglonai production. The production of other
craps except banana is relatively small, and most of tﬁEm are for -

self-consumption.

Livestock and poultry

Livestock and poultry raisings are important inddétries in the
econony of Capiz. - However, most of the prcducfion is cérried'dut
on a sméll scale. Among the livestock, carabao is used not’ only for

meat but also for farm labor.

'Fisherz
Fishery is also a signlficant 1ndustry for the Region. In 1981 its

production amounted to 277 million tons, corresponding te 174 of

" the national production. In the same year, the productlon in Capl?..

was 16 million tons, corresﬁbﬁdiﬁg‘tb 6% of the regional production.
Most of'the_production in Capiz depends on inland fishery, and Capiz

produces 29% of the regional productioﬁ on inland fishery.

Forestry o

In the région, the productioﬁ of logs and Lumber has dgéreased_yea{
by year due mainly to shortage of exploitable stoék; and iﬁ'addition,
the world recession has brought decrease in theIQXport demand. Capiz
hardly produces logs and lumber, and is not likely ‘to produce them

in future.

Industry

The deve;opment_of ﬁanufacturing industries in Capiz has been very

.There'afe only twﬁ.ﬁanufactuting industries with more_than 100

employees in_Capiz in 1978, which coﬁsiqt_of'tQO (2) sugar fefineries;.

one at President ‘Roxas énd'the other at. Dumalag. Enterprises other than

the above are small scale industries with 5 to 99 employees or cottage
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industries employing 1 to 4 people., They are food processing, wood
products, furniture, shoemaking, shellcraft, bamboocraft, metalecraft,

garment sewing and the like.

Future development in Capiz would involve agricultural diversifica-
tion to stabilize the regional economy. The diversification would
encourage agri-business industries, which depends basically oﬁ two Ccrops;
rice and sugarcane. The future development should also promote small and

medium-scale industries that wowld generate labor intemnsive employment.

-3.4.5 Transportation

As of 1982, the total length of roads in Capiz are 2,469 km under
the following distribution; 1% or 285 km of national road, 19Zor 467 km
of provincial rbad, 33% br 819 km of municipal read and 36% of 898 km of
barangay road. The road density is 0.46 km per ha,

Capiz has only one port, the Culasi port., Tt has a 55.5 m x 12.0 m
pier with a 9.0 m warf and the depth of water is 7.5 m. Capiz has only
one airport, which is regularly éervicipg oﬁe flight a day between Roxas
city and Manila, énd some other'local_flights. Panay Railways has a
main-trunk of 116.6 km running thrdugh the provinces of €apiz and Iloilo.

3.5 Flood Problem and Flood Damagé Estimate

3.5.1 Present River Condition and River Characteristic

The Panay river is a natural river.without any major river channel
improvement work or artificial dykes, except for some revetment works
provided In parts of eroded river:banks. The river in the middle reaches
runs in a channel slightly dissected from the ground surface, but natural

levees are ravely formed along the Panay tiver.

In the stretch between the confluences of the Panay with the ﬁédbaran
and Maayon rivers; humerots ﬁeandé%ings haﬁe beén formed that constrain
the cafrjing capacity of the strétch below 500 m3/sec. By contrast,
between the confluence with the Maayon and the Ecwn of Panitan, the bed’
slope 1s very géﬂtlé'(aﬁout 1/19,000), but mecanderings are relatively few
as cdmﬁéréd‘ﬁith'fhé above stretch. The Panay rviver bifurcates into the
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Lovwer Panay and Pontevedra rivers at the branch point ncar the village of
Paslang. With the Lower Panay river considerably silted and inéapable of
carrying a large streamflow, the Panay river mainly drains into the
Pontevedra river. The Pontevedra river has an almogt elevated rlverbed
with its river mouth built up with sediment and clogged. The capac1ty of

the viver is estimated to be less than 500 ] Isec.

The chief features of the Panay river such as the flow capacity,
channel width and depth, and bed slope are shown in Figure 3 511. It is
clearly seen 1n the figure that the flow capacity of the river is less

than a Z-year flood discharge in most of the reaches.

3.5.2 Flood Characteristic

The principal flood chafacteristics_inﬁerent to the Panay :iver basin
are the widespread area and prolongcd ddracioa_qf induced lﬁuﬁdatlcn:L As
discussed in Subsection 3;3.25 the area inundated by a lOO—yeaf‘fload
{(flood vulnérable.acea) would account for 15% of the basin area of'333-km2
in total area. The:people'fcsiding'in"the afea'ﬁumbera 121,300, of 27%
of the basin population. "Even in thé évent of minor floods, the inundated

acea and affected poﬁﬁlation would not be algnificantly decreased.

Furthermore, the inundated water stays in the basin for a ptoldnged
duration. TIn the case of the Undang flood, for instance, the duration
of the resulted inundation was. one week and in places even as 1ong as
two weeks. One of the reasons for - the prolonged 1nundat1ou ln the
Panay river basin 1s that the topography near the Panitan town makes.

a natural drainage bottlcncck'cf'inundatcd water. .The.rlvar section
near the Panitan town is bounded by hilis on both banks with about 300 m

width, and the backwater extends from this point upstream in the event of

large floods. The inundatcd water 10 the areas upstream of - this reach

forms a very gentle and affluent flow. ‘Bottleneck sections also exist

near towns of Dao and Cuartero

' The'flooded water that has passéd thfough-thé_Boctleneck seccibn_df
Panitan is once again disperScd té the lowlylng claiﬁ below; and causes
inundation in the lowlying Panay-Panitahraréa."The inundated water in
this aréa.iS'éraduallf draincd into -the eatcary inlets. . 7
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The pfolonged éubmergence of areas under the inundated water,
due to the bottleneck and maldrainage in the downstream-most plain

described above, inflicts considerable losses of properties in the

inundated areas.

3.5.3 Existing Flood Records

Among the past floods, the largest flood experienced in the Panay
river basin was the Openg flood, which occurred in November 1973, and
the second largest the Undang flood in November 1984. . The records of
flood hydrology and damage, particularly of the Undang flood, were
sufficient and practicable for use in flood runoff analysis and its

verification.

{1) Inundation area of Opéng and Undang floods

The flood peak discharges of the 1973 (Openg) and 1984 (Undang)
floods were respectively estimated at 1,420 m3/sec and 1,080 m3/sec at
Cuartero. Probability analysis revealed that the Openg flood corresponded
to a 25-year flood, and the Undang flood a 10-year flood. The inundation
area in the event of the Undang flood whlch was estimated on the basis
of hearing of flood marks during the additional investigation, is shown

in Figire 3,5-2. The total area of the inundation was some 250 ka?.

{2) Flood damage

The flood damage caused by the Openg flood was estimated in the
Natién-wide Flood Control Plan, based on the results of questionnaires.
The estimated flood damage was P57.4x 100 at the price level of 1973, or
®341 x 105 at the current (1984) price level.

Information on flood damage afflicted By the.Undang fiou& was
collected duxing additional investigation performed in June 1985 The
estimated flood damage was ?24? 6):1051" at the current (1984) price
level. Of the assessed Elood damage, R115.9 x 100 was inflicted on crops,
about 86% of which was on paddy. Building and fnfrastructure damages
contributed 290.11;106 and ¥31.Q:c106 respectively,

{1 The figuré was derived from flood damage statistics prepared'by
the government agencies, with minor corrections and adjustment
by the study team.
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3.5.4 Preparatory Investigations

At the time of the previous study, "Nationwide Flood Control Plan s
topographlc information available for the analysie consisted only of
1: 50, 000 maps with contours at 20 m intervals and river ¢ross sections
at about 6 km intervals on an average. Thisxinsufficiency of topographic
information was the main constraint for making flood damage estimation

with proper accuracy,

Another JICA project, aiming te produce the topographic maps ofll.to
10,000 scale, was duly completed in July 1984. The topographic”informatiOn
contained in these maps was of great importance in the assessment of flood
damage potential, cstimation of construction costs and planning of facili-
ties in this Study, and will continue to be of importance in the further

planning stages. The project conducted:

1) Aerial photography

Aerial photographs were taken at a scale of 1 : 20,000, covering
the whole Panay riyer basin (area: 2,300 kmz). '

2) Preparation of topographic maps

Topographic maps of the flood plain area (area; 700 km?) were
prepared at a scale of 1: 10,000 with contour. intervals of

2 m from the above photographs.'

3) River profile and cross section sorVey

The topographic surveys covered the Lower Panay river, the
Pontevedra river, the Panay mainstrcam up to the point ahout
10 km upstream from Badbaran junctien, downstream portion of
Maayon and Badbaran and Mambusao up to the point about 25 km
upstream of Panay junctlons. The interval of the cross
sections are about 3 to 5 km and the surveyed width are about
1 k.
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3.5.5 Flood Flow Analysis
(1) Method of flood fiow analysis

A flood flow analysis was made to estimate probable flood runoffs
with different return pericds from past rainfall records, and to estimate
the flood water level and possible inundation conditions in the river
basin. 1In the Study, a river system model was built and used for flood

runoff calculation with the aid of an electronic computeér.. The major

steps of the analysis are shown below,
a. . Construction of a river system madel,

b. Estimation of probable basin rainfalls with different return . é
periods,
¢, Estimation of probable flood runoff from each sub-basin with

different return periods,
d. 7Flood routing along the river course, and

e. Estimation of flood water levels and dvration.

_ The river system model is schematically shown in Figure 3.5-4, The
river system model was calibrated by rainfall, flood fiow and flood

mark data of the Undang flood iﬁ.November_i984, with supplementary use
of the Openg flood in November 1973, '

(2) Records used for flood flow analysis | . e%
. The Opéﬁg fiood which took palce in 1973, was the largest flood event

in the post-war peridéd, and on this ap¢ount; it would have been the most

suitable flood on which to base the‘flood flow analysis. Unfortunately,

most of rainfall Statioﬁs in the Panay river basin were oﬁly installed in

or after 1976i;and there isronly very 1imifed rainfall data for the floods

prior Lo this period.

Typhoon Uhdéng caused extehsive inundation in the Panay river basin
in November 1984. 'This flood is considered to have been the second largest
flood event in living memory, and caused severe flood damage comparable to
that of the Openg flood. Since the flood took place while the Study tean
'was still based in the Philippines, first hand information concerning the

@
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flood hydrology was collected, Additional field investlgatlons in June 1985
provided further information, including flood marks in widespread 1nunda—

tion area and records of damage, through field visits and hearings.
The data assembled for flood flow analysis wss thus as'foiloﬁs:

. Daily (1nclusive partly of 6~ ~hourly) rainfail records at ten

stations in the Panay river basin,
. Water level records at six stream gauging stations of the Panay river,
. Flood marks at 30 lecation along the Panay river and its tributaries,

;ir . Hearing results of highest water level and duration of inundation at

athd

250 locatioens,

. Discharge measurements at the Panitan station, based on which the
stage-discharge rating curve applicable to floods could be con-

structed,

. Course of Typhoon Undang, with velocity and air pressure recorded

at the Roxas city, and

» BRecords df each damage item,

On account of avallablllty of precise and detailed data on flood
hydrology, the Undang flood was empioyed chiefly for calibration of flood
flow analySIS. The data of the Openg flood in 1973 were used to verlfy

and supplement the simulation results.

{3} Estimate of probable floods
Consequéntly, the distribution of flood flow for'ﬁsfying probabie‘
recurrences was estimated as shown 1n Fxgure 3. 5 5. Based on the water

- lavel estimates at each base point, the inundation condition for . 5— 25—

and lOO-year floods were assessed, as shown in Figures 3.5- 6 to 3 5 8

Table 3.5-1 summarizes the estimated area and number of housings

susceptible to flodding by varying pfobablé floods,

gw":
-
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'3.5.6 Estimation of Flood Damage

Flood demagee were estimated in this Study for the following 6 major
categories, i.e. 1) crop, 2) livestock, 3) building, 4) fishpond,
5) infrastructure and 6) indirect damage. The two major categories,
crop damage and building damage, were further subdivided into the follow-

ing sub-categories:

Crop damage
Irrigated paddy
Rainfed paddy

[

1

Vegetables

Sugarcane

Building damage

- Residentiel Buildiugs
- Household effects

- Non-residential buildings

~ Inventory stocks

- Each item of flood damage was assumed to increase in future in accord-
ance with the population increase, enlarged economic activities and improved
agricultural production due to advanced technology. The detailed procedure

for estimating each item of flood damage is shown in Appendix I11I.

The flood plain was divided into 100 m squares. Flood damages were
assessed square by square and consolidated by sub-river basins shown in
Figure 3.3-3. The inundation condition of each square was estimated by
relating the elevation of specific squares to water levels calculated from

the flood flow analysis,

_ Flrst, flood damages were assessed in each damage category for different
probable floods, and for several years in the future. After this the average

annual flood damage was assessed for 1984 and in future years,

The estimated damage values in 1984 2009 and 2029 are shown in
Tables 3.5-2 to 3.5-4.
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3.5.7 Analysis of Flcod Damagé under Present River Condition

The results of the estimated flood damage ﬁay;be summarizéd‘as‘follows:

(1) Even a small flobd (5-year flbod) will.cause deep 1nundation’1n
the areas along the mlddle reaches of the main river downstream
of Dumalag to the confluence with the tlibutary Maaycn and in
the paddy field area south of the downstream reaches of the
tributary Mambusao. In other words, crop damage in the above
areas would be large even in the face of a small flood (5-year
fiood)..

(ii) Larger floods will extend the above deep inundatien areas
downstream as far as the Pontevedra town. - In this case.the3
agsociated ¢rop damage in the Panitan-Panay area would increase

conspicuously.

(iii) * Damage to buildings is the most prevalent damage item followed
by crop damage. Damagé,to buildings increases sharply as the

size of inflow flood increases,

(iv)  Damage to buildings'is'cbncentréted'in a limited nuaber of towns
along the mainstream and major tributaries such as Dumarao,
Dumalag, Cuartero, Maaydn, Mambusao, Sigma, Panitan and

Pontevedfa. Most of the above are lecated in the middle rveach area.

3.6 Agriculture and Irrigation Development

3.6.1 Present Land Use

The main crops grown in the Panay river basin are rice, followed.
by sugarcane. Paddy fields occupy a total area of 40 ,960 ha or
19% of the basin area. Upland crops presently cultivated are maize
cassava, éwGEt potato, ete.  Other crops grown as adjuncfs to paddy

farning are leafy végetébles and beans.

3.6,2 Paddy Yield and Production

Paddy yield and production under the present condltlnns were’

estimated on the basis of production data at municipality level obtainedf
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from the Burcau of Agricultural Economics and the Ministry pf Agricultural
Economics, both in Roxas. These data were confirmed and adjﬁéteﬂ fhtough
crop yield surveys at the farmer®s field level conducted by the Study

Team, Based on these data, average yields of paddy are about 3.2 tons

per ha for 1rrigatéd paddy and 2.8 tons per ha for rainfed paddy with

some deviations from year to year due to natural caiamities such as drought

and flood.

3.6.3 Existing Irrigation Development

There are at present ten Hational Irrigation Systems (Nis) on the
Panay Island but only.one NIS in the river basin, located at Mambusao,
with an irrigation service area of 1,440 ha. Apart from the Manbusao A
River Irrigation System (RIS), there are many Communal Irrigation
Systems (CIS)}, Pump Irrigation Systems (PIS) and other private irrigation
systems covering about 8,58G ha out of the total paddy field of 40,960 ha

in the river basin.

Construction of irrigation and drainége facilities on the NIS is carried
out by NIA. Operation and maintenance works of the system are aiso carried
_out by NIA. CIS have an irrigation service areas totalling less than
1,000 ha. Irrigation and dfainage facilities are construéted by NIA, but

operation and maintenance works are carried out by the farmers themselves.

The Mambusao RIS was initially established in 1975 to irrigate about
780 ha during the dry season in crop year 1977 -78. The system was
expanded in 1979 to supply irrigation water to 1,440 ha and 780 ha during

the wet and dry seasons respectively.

There are 23 CISs in the river basin which irrigate approximately
2,200 ha of paddy field. '

54 PISs have been constructed in the river basin and are operatea
under the Farmer's System Development Corporation (FSDC); and 169 PISs

have been constructed by NIA and opérated by private owners. The poten-
tial service areas of PIS under FSDC is 3,460 ha and that of PIS operated
by private_ownefs is 1,490 ha,

The locations of the Mambusao RIS and CIS are shown in figufe 3.6-1.
The location of PIS under FSDC is illustrated in Figure 3.6-2,

3 - 22



e
L=

‘;h
i+

”

3.7 Public Water Supply

Based on the 1980 Census of Population and Hou31ng in Capiz, only

8,230 households or 9.5% of the total households were served by public

water systems as shown below.

Public Water Supply in Basin

(1980) -
(households)
Service Level Total. Urban : Rural
Public Level I 3,130 (3.6%) 368 ( 3.27) 2,762 (3.7%)
Water . - or g oo PP g i
Systems Level TL 2,33 (@.7%) 1,360 (12.12) 971 (L.3%)
Level III 2,769  (3.3%1) 2,064  (18.4%) 707 (0.9%)
Sub-total 8,230  (9.5%) 3,790 (33.8%) 4,440 - (5.9%)
Other - Community 665 ( 0.8%) 290 ( 2.6%) 375 ( 0.5%)
Systems Water System ' o o 5
Others 77,545 (89.7%) 7,128 (63.6%) 70,417 (93.6%)
Sub-total 78,210 (90.5%) 7,418 (66.2%) 70,792 (94.1%)
Total 86,440 (100.0%) 11,208 (100.0%) 75,232 (100.0%)

Notes: Level I-A point source, usually a protected well or a spring
with an outlet, with no distribution system. ' :

" Level II~Level I plus a communal faucet system.

Level TII- A piped Syétem with indiﬁidual house connections.

Others = were Served elther by private water systems or by other

individual sources such as wells, sprlngs, rivers, etc.
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0f the households served by the public systems, 3,130 houscholds or
3.6% of the basin households are covered by Level 1 faéilitiES buiit by
MPWH. The Capiz Engineering District of MPWH has constructed 450 systems
of Level I facilities such as shallow wells and deep wells in the past
three years., Therefore more than 15,000 households are presumably served
by the public water systems of Level 1 by the end of 1984, provided each

Level I system is expected to cover around 30 households.

There are 37 water supply systems of Level 11, which weré constructed
by MPWH during the last three years. Although only 2,331 households were
covered by Level IX in 1980, more than ?;000 housecholds are presumably

served by Level 11 systems at the end of 1984, on condition that each ¥

Level II system would cover an average of 200 housecholds,

The municipalities in the Panay basin have pubiic water-works
systems of Level IIl in urban areas. Of the 17 municipalities, however,
only the-following 6 water-works systems were functioning at the end
of 1984 as shown in Table 3.7-1, Roxas City Water District, Pilér_"ater
Pistrict, Dumalag Water-works, Ivisan Water-works and Sigma Water-works.
The-other 6 systems are not operated because mest of the pumping systems
did not have some parts of the systems repéired, which had been damaged
by the typhoén "Undang" in November 1984. 'The rest of Level 111 systens
are still under constructibn, so only small portions of the town popula-

tion are covered by these systeris. In_any cagse, these water-works are

b1
located only in the urban areas of the municipalities. . £
Dﬁly around 2,300 households might be covered by the public water-
works of Level III as of the end of 1984, despite 2,064 households ov
18.4% of urban households were alrveady served by Level III water-work
systems in 1980,
3.8 Power Supply
3.8.1 Power Supply System
The island of Panay is subdivided inte four provinces, i.e., Iloilo, ‘
Capiz, Antique and Aklan. The whole island s covéred by the electricity
service area of NPC (National Power Corporation). ég
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The electrlcity service in the 1ndividual provinces is provided
by the electric service cooperatives that distrlbute power and sell
it to consumers, while NPC is resp0n31b1e for the power generaﬁion

and transmission of electric power.

In the Panay Island, there are six (6) electric service<c00peratives

as follows:

Electric Service Cooperatives in Panay Island

pre Name _ ' _ Service Area
G | | _., | ~
(1) Panay Electric Company Inc. (PECO) ' Iloilo City
(2) 1Iloilo Electric Cooperative I (ILECO I) Southern part of
. o . Iloilo province
(3) Iloilo Electric Cooperative IT (ILECO I} ‘Nothern part of
- Iloilo province
(4) Capiz Electric Cooperative (CAPELCO) Capiz province
(5) Aklan Electric Cooperative (AKELCO) Aklan province
(6) Antique Electric Cboperative'(ANTECO) S Antigque pfo#ince

Figufe 3.8-1 presehts the electric service aréa of each cooperative.
The Panay river basin is conposed mostly of Capiz province. The elec-"
tricity service in the Capiz province has been_undertakén by CAPELCO
:E? (Capiz Electric Cooﬁeratiﬁe) which was established in 1971 by its members.

3.8.2 Power Supply Facilities

Figufe'3.8f2 presents_the'existing power systems, power systems

under construction in 1984.and proposed power system.-

In addition to the power generating fa0111ties owned by NPC PECO has
its own generating facilities. But they are decrepit and in unecanomical
conditions. The generation capabilities of the Panay Island system are

summarized overleaf:

e”'“‘).
L
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Existing Power Facilities - Panay Systen

Station . o
Power Station Capability (ki) Installed (W)

PDPP I  (NPC Dingle) 24,820 4 x 7,300
PBP-2  (NPC Power Barge) 27,200 & x 8,000
PDPP II (NPC Panitan) 7,600 2 x 5,500
PECO 12,500 19,750 in total
Presently, the major distribution networks are owned by PECO, <

CAPELCO, ILECO I and II, and two other electric service cooperatives in
the remaining provinces. The areas covering 80 percent of the island
are consideved to be clectricity supply areas and the electrification

ratio is estimated at 37 - 38 percent in the whole of the island,

3.8.3 Historical Power Demand

Tables 3.8-1 and 3.8-2 show historical records of power generation
and consumption in the whole Panay Grid and in the Capiz province

respectively.

‘In 1983, the total energy sales by CAPELCO amounted to 15,473 Muh.

The peak load was 7.8 MW. The annual growth rate of emnergy consumption

i,

ia Capiz province during the past 8 years was 32 percent.

The existing loads in Capiz province are predominantly residential
and commercial éreas, while the lecad of induétrial customers occupies a
mlaor portion of the total load. Consumers dominant in terms of numbers
are residential, representing 93 percent of the total consumption; others
are commercial inrthe 5 percent and street ligh;, 2 percent., Industrial
consumers are neglipgible in nuhbérs. Consumers dominant in poﬁér sales
are residential with 47 péréent, others are commercial with 18 percent,

industrial with 19 percent and others with 16 percent.

The maximum power demand of the whole Panay Grid was 42 MW in 1983

Eniy
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(See Table 3.8-1). According . to NPC, electric power demand has leng been
suppressed by the shortage of poeef generating eapabilityr(eSpeelally
before commissioning of 32 MW PoWer_Barge Plant--2 in.July 1984). " NPC
assumes that the demand will amount to 48 MW by additional conneetion to
waiting consumers when such restriction in lifted. The major loads are

rice mills, rice plants, fishing'port, ete.

Another noteworthy aspect is that there is latent energy cOnsumptlon
which is presently categorlzed as "losses . Energy supply in Caplz
province in 1983 was 27,100 MWh of which 6,324 NWh were generated by
CAPELCO and 20, 776 MWh was purchased from NPC (See Table 3.8-1). Out of
the total energy, the plant use amounted to 652 MWh and the lesses'te
10,975 MWh, The annual load facter at the supply end is 41 perceat.

This means that the plant's own consumption and distribut1on losses

account for more than 50 percent.

3,9 Water Budget

River water is presently used for irrigation in Mambusao and Panitan-
Panay areas and for municipal/industrial (M&I) water supply to major
towns located along.the river, The quantity of water use will increase
in- futyure, especially once the pro;ects proposed under this Study are

implemented.

A water budget analysis was attempted in this Study to evaluate the
water demand/supply balance under both present and future conditions.
Figure 3.9-1 shows a schematic diagram indieating the locatious of water

demand, based on which the water budget was analyzed.

The results of'the analysis indicate that water demand up to the
year 2030 could be met with natural river water sources (804 dependable
discharge for 1rrigat10n and 95/ dependable discharge for M& I water
supply) without speclfic Flow regulatlon by a rEServolr. In this respect

the Panay river is deemed to have plenty of water compared with the present

water domand as well as with future demand
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CHAPTER 1V. BASIC CONCEPTS OF BASIN-WIDE DEVELOPMENT PROGRAM

4.1 General

Répeated damage.from floods constitutes the most important issue in
the Panay river basin as discussed in Chapter III. Planning for flood
control, therefore, was of primary concern in this Study. Apart from this
issue, consideration was given to possibilities fdr'irrigﬁtion develop-
ment, municipal and industrial water supply and hydropowgr generation, |
for the purpose of formulating a comprehensiﬁe basin—ﬁide developnent

program.

~ The following basic concepts were adopted in plan formulation for
flood control, irrigation developnent, municipal and industrial water

supply and hydropower generation.

4.2 Flood Control Plan

4.2.1 Basic Concepts for Plan Formulation

A flood control project would be implemented through both structural
and non-structural measures. This Study will chiefly éontemplate
protection by structural measures, in which non-structural measures will
be discussed in combination with and as subétitute of the structural

measures,

In principle, if a flood contrel project is to be carried out by
structural measures, a high target level of protection, say against a -
100~year flood, would be desirable for the safety of facility and the long-
term stability and livelihood of the people concerneéd. However, a plan
formulated on such a basis would not necessarily be viable from economic
standpoints, because the target protection level must be appropriate to
the economic conditions of the study area. 1If a plan with a high protection
level is not justifiable economically, an ‘alternative plan needs to be
formulated, which would cownply with a provisional target aimed at a slightly
lower tafget level of protection in the first stage, followed by an ultimate

B



plan with a higher target level which would protcct increasing future

potential damages in the area.

In the Panay rivef_basin, a proviéional plah (shOrt— tq‘medium—term)
will be proposed on these lines as the coré of the flood control plan,
since flood control meastres with the high leviéel of protection could not
bée justified economically. Flood contral measufes are theteﬁore proposed
as a result of this Study that would best fit_present conditioﬁs and ve-

quirements in the Panay river basin.

'4.2,2 Plan Formulation Criteria

{1) Befinitidn of the development plans

iPt Long-term plan

. A flood control measure of a high. protection level was
éssumed.to bé eﬁacféd_for'the purbdse of protecting wmost of
the flood wvulnerable a?ea (réfef to Subsection 3.3.2 for
its definition) '

. The target flood control effects of this plan would be:

(a) to relieve more than 90% of residents in the flqod viulnerable
avea from flood déﬁage'(thrdugh'both'strdctural and non-

structural measures).

(b) to pfotect_the farmland from flooding to a practically
abhieﬁablé maxitium degrée {through sérhc;ural méasures)
since the staple industry in the Panay river basin is
paddy-based‘agriculture and the comﬁon;feeling among the’

residents is for prdtection'pf farmlaand.,

MP: Mid-term plan

+ A mid-term plan was assumed to be”intrdduced; if the long-

term plan was not economically justified Under'pfcsent'



conditions. The protection level of this plan was defined
by a flood of practically conceivable size, say, the

recorded maximum flood.

+ The target effect of this plan would be to ameliorate flood
damage to 70 to 80% of the population in the flood vulnerable

area.

SP: Short-~term provisional plan

* A short-term provisional plan would be fntroduced, if the
mid-term'plan above was found not to be justifiable in terms

of economic viability.

* The protection level would have to be low, as the plan
would aim at accommodating minor floods with repeated
occurrences. Frovisions would have to be made, however, so that
the plan would reduce the expected damage even in the face
of fioods larger than the design flood. The areas to be
protected would be priority areas where even minor floods
cause considerable damage in terms of iﬁtensity and of

population affected.

+ The target effect of the plan would be to reduce
damage in any form for more than 50% of the population in

~ the flood vulnerable area.

(2) Definition of design flood

For each of the protective plan glven above, the design floods were

defined as below:

L¥: Design flbod for the long-term plan

* A 100~-year pfobabié f16od was taken as the design flood,
taking into account the size of the Panay river and the
land ﬁse potential in the basin. This design flood level
accords with the recommendations of the Nationwide Flood

Control Study.

s
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Design flood for the mid-term plan

+ The recorded maximum flood in the recent years in the basin

was the Openg flood caused in November 1973 (correspond—

ing to a 25-year. recurrence period) This flood was taken

as the design flood of this plan, as it accords with the

criterion of the flood of practically cdnceivablé-size.

The design flood coincides with the objective flood in the

First Phase Work proposed in the "Nation-wide Flood Control

Study".

« The 1973 flood has a special significance to local residénts,

as this flood is still fresh in mind as the largest flood in

recent years.

]

Design flecod for the short-term proviéionalﬂplén

In the short—-term. prov1siona1 plan, it is difficult to

_establish comprehensive criteria. Therefore the design flood

was determined through an economic comparison oOf the following

two cases:

(a)

(b)

Minimum compound section cbanncl plan:

The minfmum of a 10—year floed should be safely accom-
modated, if dykes, although low, are to be cqnstructed.
In this case, a'lO—yEar'ilood was taken as the design
f1o0d, | |

An example of such flood is the 198& flood which was
one of the major floods in the decade, and this criteribn
has a special significance similar to that of.the!MP )

plan.

“Single section éhéhﬁéllpléni.”

This plan 1ntends to réalize the minimUm size of protec-
tive countermeasures, by improving the r1v91 channel with

a single section channel, As it would have no dykes

present inundation COHditiOHS'WOUld'by 1o means be aggravated.



This plan would accomodate a 2- to 3-year flood by straighten-
ing the viver course and improving its section from the
natural bankful capacity of a 1- to l.5-year flood. The
single section channel provided in this plan would ultimately
constitute the low flow section of the cempound section in

the future,
(3) Selection of implementation timing

The relative merits of the above Loang-, Mid- and Short-term Plans
would be compared though economic cvaluations,.in which the discount rate
was selected to be 8% p.a. as a rate applicable to evaluation of standard
flood control projects. The Study set forth a criterion that the projects
having the EIRR value of more than 8% would be worthy of implementation.
Projects which fall outside of this critefion should be déferred until a
futvre date, when the enlarged benefits justify the implementatiom.
in selecting the short range plans, the implementation in ‘the order of

EIRR merits would be recommended.

4.2,.3 Definition of Flood Control Priority Aveas
(1) Preliminary selection of priority protection areas

The inundation area maps under preéent river conditions, correspond-
ing to 5- and.lﬂﬂ-year probable floods, are given in Figure 3.3-2. As %
seen in the figure, the inundation areas would not significantly change
with the size of inflow floods; This indicates that reduction of the
flood discharge would not directly result in relief of widespread aveas
from inundation damage, an&, theféfnre; delineation of priority areas on
the basiérof topography is hardly practicable. However, teduction in flood
discharge would bring about mitigation of inundation damageé due to decréased
inundatioh depths, és'typicallylshown in a 3.7 m decrease in the inundation
depthé at the Base point of Panitan, in the event of a flood reduced from
a 100-year to a 5-year flood.
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The intensities of potential flood damage caused by 5- and 100-year

floods are respectively shown in Figures 4.2-1 and 4.2-2. As depicted

in the figures, fiood damage would be 1nf11cted throughout the river

course, but the potential flood damage would be largest ln "the areas along

the stretch downstream of the Panitan town, while the intens1ty of flood

damage would be higher in the major towus dispersed in the areas.

Table 4.2-1 presents the damage potential (assessed in annual average

damage) and the affected pOpulation, accordlng to the river stretches in

the sub-areas shown in Figure 3.3-3 and accordlng to_the major towns.

A preliminary selection of priority protection areas 1s given in

Table 4.2-1 on the basis of the criteria cited below:

- Selection Criteria for Priority Areas

Area/Place to

Selection Criteria

Proposed Stroeture be Selecied

River'improvemeut River stretch
{inundated
area)

Polders _ Major town/

(dyked enclosures) villages

 Priorities given by the damage

potential per km of stretch
(B/km). Damage on towns
excluded, assuming they would
be el1minated by polder dykes

Priorities given by the damage

potential (B)

The river stretches and towns given “Level-1" assessment in the

table are respectively the pricrlty arecas for riVer improvement and

polder dyking, and subsequently the priority follows those assessed as

'"Level 2" and "Level-3".

(2) Selection of alternative protection areas

The following views were taken Into consideration in selecting the

flood protection areas:



(a) Protective works should be carried out in the order of the

area's damage potential shown in Table 4.2-1.

(k) Excessive protéctive works (especiaily by river improvement)
would result in considerable increase of flood discharge in
the downstream vreaches, and thereby inflate the total construc-
tion cost. To avoid this, the areas with a relafively low
damage potential should be intentionally left unimproved for
the purpose of positively retaining the present fetatding
efféct. The areas retaihed as retardation basins are as shown

in Table 4.2-2.

From the above viewpoints, six plauns of alternative protection areas
were formulated for mutual comparison, as shown in Table 4.2-3, - The basic

concepts underlying each of the plans are as summarized below:

Alternative-1 would only improve the river stretches downstream of

the Panitan town (River Stretch Pl and P2), where the damage poten-
tial is the highest, and leave the other areas in the present

inundation condition.

Alternative-2 would extend the improvement stretches up to the
confluence with the Mambusao river. HNonetheless, the areas to be
retained as retardation areas, as shown in Table 4.2-2, would be

set aside.

Alternative-3 would expand the planned protection up to the con-
fluence with the Badbaran river, and up to Mambusao town,

Retardation areas shown in Table 4,2-2 would be set aside,

Alternative-4 would have improvement stretches extended up to

Dumalag town along the Panay river, and along the Maayon and

Balacuan rivers.

Alternative-5 would further enlarge the'imprdvemént stretches to

the upper Papay and upper Mambusao rivers and thus wholly cover all

the "Level-2" areas under protection.
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Alternative-b would provide protective work along all the ‘river. strétchés,
including the "Level-3" areas. Even in this case, no protection wﬁuld
be given to areas with conceivably low damage potential ‘and the areas

where protectlve peasuves would not bring about any substantial benefit.

" Figures 4.2-3 to 4 2-5 show the location of protection areas gpecified

in each of the above six alternative plans,

A 100-year flood, which is the objectivé flﬁod of the.Long-term Plan
(LP), was employed in comparing of the élternétiﬁe plané.' At this stage,
the protective works were assumed to comprise only the river channel im-
provement, and on this basis rough construction costs were eatlmated. -
The results of comparison are shown in Table 4.2- 4, and a graphical com-

parison is given in Figure 4 2-6,

(3) Selection of flood caontrol action areas

The selection of action areas in this Subsection aims to delinecate
areas which would be the'objective of the Long¥term Plan of the Flood
Control Project. 1In this regard, the following items were taken into

account in the selection process:
{a} A Long-term Plan should be flexible against any déveiopment
needs that might come out in the future. Therefore provision.

should be made that the Long term Plan would be compatlble with

the maxxmum possible development.

{b} The protection'targets set out in Subscction 4.2.2 {1
should be saiisfied that is:

- Protection of more than 90% of the pOpulatlon in the flood

vulnerable area.

- Protection of farmland to the maximun degree practicable.

Based on the comparison indices shown in Table 4.2-4 and Figure

4 2-6, the areas defined in Alternative-4 were selected as the action’



area of Flood Control Project. The reasons for the selection were as

shown below:

(¢))

(2)

(3)

(4)

(5)

It is observed in Figure 4.2-6 that the cost effectivenesé
shown in terms of the "Damage reduction!Cosi" rat16 makes a
bend at Alternative-4. This indicates that even if the protec-
tion avea is expanded any further from this point, the cost-

effectiveness would drop.

The implementation of Alternative-4 would relieve some B0% of
the affected population of flood damage. This value is close
to‘the target of 90%. With regérd to the remaining 10% of the
affected population, non-structural measures could be effec-

tively devised.

Alternative-4 would protect some 60% of the agricultural land.
Even if protection is expanded (as in Alternative-5), the in-
creméntal area of protected agricultural land is only minor,

and thus Altefnative—é is deemed to réélize protection to its

practical maximum extent.

If protection is extended further than in Alternative-4, the
flood discharge in the downstream reaches will increase

significantly.

In terms of the costFefféctiveness, Alternative-1 would be
rated best, as shown in Figure 4.2-6. Névertheless, the
protected population and farmland would be far less than
targets, and hence would nof be acceptable as tﬁe framework

of the Long-term Plan,

The action areas were determined as described above. In practice,

the Flood Contrel Plan should be coordinated in the overall franework

of the comprehensive plan, by readily reflecting the development needs

of the area. The details of actual formulation of the Flood Control Plan

will be discussed in Chapter V.

Pt
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4.2.4 Alternative Protective Measures

(1) Structural protective measures

The following structural measures were considered to be practical
in view of river channel profiles, inundation conditions and basin topo-

graphy of the Panay river:

{a) river improvements
a-1) channel imprOVement'of'tne éxisting'river
a-2) excavation of a floodway (direrSiOn channel)
(B) flood'oontrol dame
(c) combinations of (a) and (bj

{d) poider dykes

Comprehensive structural measures will be formulated, with considera-
tion to potential aceeptability of'SpeciEic structural measures in each

objective area,

(2) Non-structural protective measures

Non~structural protective measures will be considered as a possible -
means of supplementing the structural measures.. In areas where no effective
structural measures will be undertaken, or where provisional plans will’
have to serve for a prolonged period of time, m1t1gat10n of flood damage
by non-structural measures needs to be glven substantial consideration

(especially as a future prospect)

Non-structural measures are defined here to include broadly all
protective measures other than the structural measures, which in the

case of the Panay river basin would include:

(a) . Flood plain management
(b) Structural modification of burldings
(c) Relocation of housing

(d) Flood forecasting and waraing syetem‘
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Such non-structural measures will be evaluated and quantitatively
assessed on the basis of cost and benefit analysis. Otheéer non-structural
measures were discarded as being inappropriate to the Panay river basin, '

though the comments are included in Table 4.2-5.

4.3 Agricultural Development Plan

The chief ¢rop in the Panay river basin is paddy. Cliwmatic conditions
in the basin are amenable to agricultural activities, in that no prominent
dry periods exlst in the year. As a result, the basin has widespread irri-
gated paddy production (8,500 ha out of the total paddy area of 40,960 ha,
as discussed in Subsection 3,3,1), and sti11l has the potential for further

irrigation development.

1

One notable characteristic of the Panay river basin is that no signifi
cant differences exist between the unit yield of the existing irtigatéd
paddy fields (3.2 ton/ha) and that of the non-irrigated field (2.8 ton/ha).
This demonstrates that there Is ample room to increase productivity of the
existing irrigated paddy fields, by means of improving facilities and

intro&ucing better cropping practices.

In this Study, the areas with irrigation potential (including improve-
ment of existing) were identiiied first, and development plans were formu-
lated by comparison of merits. Technical and economic evaluations_wcre nade
in seleéting candidate afeas for:development. Contemplated irrigation areas
were confined to the areas with more than 1,000 ha of irrigatfon potential,
so that they would be eligible for development as National Irrigation
Systems (NIS).

4.4 Muonicipal and Industrial Water Supply Plan

The largest demand center for municipal water in this basin is the
city of Roxas. Currently, the water supply service of the Roxas city
faces the problem of intrusion of saline water into the intake point.
This Study will therefore provide an improvement plan for
Roxas City Water District (ROX-WD).

4o~ 11



Other towns in the basin still have a low level of consﬁﬁptibn (less
than 250 households per town; supply cépacity iess than 6 itr/sec). Water
supply to these towns is not so much a basin development issue as a specific

facility plan, hence no further consideration is given to this issue.

"4.,5 Hydropower Generation Plam

Hydropower generation plans will be given:bOnéideratioh in relation to
the dams proposed as flood control measures, as d1scussed in Section 4.2,
In this Study, the formulation of plans and assessment of v1ab1lity will
gf- be made for multipurpose dams, comb1n1ng ‘the Functions of flood.control and

power generation.

As shown in Section 3.9, until the year 2030 water demand ih.the Panay
river basin d0wnstfeam of the prospective dam sites is likely to be smaller
than the.natural drought discharge of the Papay river. In planning dams,
therefore, nb allowance will be made for augmenting Jow flow excépting that
the incremental discharge resulting from flow regulation effects of'hydfoéowef

generation plans will be given quéntitative assessment. -
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CHAPTER V. FLOOD CONTROL PLAN

5.1 General Description

5.1.1 Procedure of Planning

The procedures of planning for the Flood Control Project are shown

in Figure 5.1-1 and will follow. the following steps:

w

(2)

(3)

(&)

(5)

-~

Selection of protection areas

The pretection areas of the Long-term Plan (LP} will be selectéd,
as described in the Subsection 4.2.3.

Formulation of Long-term Plan

An optimal facility plan, that would constitute the Long~term Plan,

will be formulated with a design flood of 100-year flood.

Formulation of Mid- and Short-term Plans

- Within the framework eof the Long-~term Plan set forth above, Mid-

and Short-term Plans will be evaluated as provisional measures. The
protection level for these plans will be less than the 25-year flood.
Considerations on non-structural measures

Non-structural measures, as described in Subsection 4.2.4, will be

considered in combination with, or as substitutes for the struc-
tural measures discussed in (2) and (3) above.
Formulation ef a stapgewise implementation program

A recompendation will be made concerning the stagewise implementa-
tion of the Flood Control Project, based on the discussion in (2),
(3) and (4) above.

Results of studies in each step are described in subscquent sections,



5.1.2 Design Flood Discharge

Facility blans will bé_maae based on the‘désign_fLOOd éﬁpioyed for
the action areas of Alternative-4 of the‘fbregding Subsection 4.2.3.
Figure 5.1-2 presents the diagram of flood flow distribution under the

present river condition.

5.1.3 Flood Contxol Facility Alternatives

As discussed in Subsection 4.2.4, this Study will examine the
following structural measures:

(a) River improvement

a-1 : TImprovement of existing channels
a-2 : Diversion plan (bypass floodways)
(b) Flood control dams
(c) ‘Combiﬁation of (a) and (b) above
(d) Polder dykes
- Relative merits of the facility plans will'bé.évaluatéd'by cost and
economic viability, Polder dykes in item (d) will be contempiated as
neasures for the Mid— and Short-term Plans, but not in the framework of

the Long-term Plan, because of their primary purposé of éiving priority’

protection to specific areas.
The following basic criteria Weré used in the evaluation:
(a) Construction'cost:
- Cost”at_l984.c0n$£an£ priées.
{(b) Economic costd

- Economlc cost calculated as 82% of estimated financial cost

of local chrréncy porfion, and 100% of fdréign'currency portion.

{c} Flood c¢ontrol benefit:

- Benefits accured from reduction of flood démages, both at

present and in future,



~ Damage reduction estimated in accordance with procedures

detailed in Appendix III.
- Future damage potential assessed by the criteria below:

i) Future damage potential to increase at the rates
specified in Appendix T11E, if high level fload
protection (say, apainst 25-year flood or larger) is

provided.

ii) growth rate to be half of the specified rate if only
low-level flood protection (say, less than i0-year
flood) 1is provided.

iii) growth rate to be 1/4 if no flood protection measure

is provided.

iv) ~Sensitivity analysis to be conducted on the case of
no increase in future damage potential, if considered

to be necessary.

- A part of the inland area to be protected by high levees
would remain ptoﬁe to inundation due to inland wéter. This
residual damage assessed to be 5% of the calculated dawmage

reduction.

(d) Construction period:

River improvement : 4 to 8 years according to the scale

of the work
~ River diverion t 5 years incl. preparatory works
- Dam : 5 years incl. preparatory works
- Polder : 3 years incl. preparatory works

8% per annum

(e) Discount rate

Mt
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5.2 Formulation of Long-term Master Plan (LP)

5.2.1 River Improvement Plan

(1) Action 'stretches' for improvement -

River imprqvement plans would provide for 1mproﬁ0ment'bf.fiﬁér
channels iﬁ the flood control.action'areﬁs sélectéd‘for Alternatiﬁe—&
as described in Subsection 4.2.3 Qf'Chapter.iV.. In.ﬁhé'intervéﬁiné non-
protectioﬁ'aréas, teo, the existing fivér chanﬂélsg hhiéh'w0u1d‘c6ns£itute
the low filow channels, would be’ improved wherever necessafy. The length
of improvement wduld be 109 km in total, The action 'stretches' of thé.

river improvement plan are shown in Figure 4.2-4,

(2) Facility plan

The following aspects were considered in relation to planning

of river channel improvement and its cost estimation:

~ A compound section was employed, to accommodate the relatively
large design flood discharge, ' | .

- The channel section was determined so that the planned water level

would not significantly exceed the present flood water level.

- The capacity of existing chénpels would be enlargéd_mosply by
widening of sections. The capaéity of iwproved channel wqula'be
~ about 2- to 3-year floods, but uidening would not exceed twice the

_existing channel width,
- River improvement would be c¢onducted along the present river
course as much as possible, and straightening of river'bhénnels, such

as by shortcut channels, would be kept to a minimum. Alignmgnt of

planned-levees would basically envelop the present river course.
- Project cost estimation would include the costs of channel improve-
ment such as_éarthwork, bank protection and groin wdrk,'together

with other items such as drainage sluices, bridges to be'reconstrﬁcted,

and engineering fees for investigation and design.



(3) Economic evaluation of improvement plans
An cconopic evaluation was made of estimated project costs and benefits.

The results of evaluation are detailed in Table 5.2-1, and summarized below.

Economic Evaluation of Independent River Improévement Plans

: Construction Présent Values—— Il (R x 106) EIRR
 Work cost 6 Cost Benefit NPV '
(B x 107) (C) (8) (B-C) (%)
/2 | S
All jmprovement — 5,593 . 2,691 919 -1,772 2.8

stretches

Notes: /1 At discount rate 8% p.a.

/2 1In this calculation, 1mprovement work was assumed to be
applied to the Pontevedra and Hamulauon rivers.

The EIRR of the Iﬂdependeht River Improvement Plan was assessed as
2.8%, which is indicative of its economic unfavourability. Thercfore,
alternative facility plans includ1ng floodway and flood control dams will

be studied 1n the subsequent subsections.

(4) Flood water level and discharge

The flood water level and discharge at the base point Panitan, with

the above river improvement plan implemented, are shown in next page.

PN
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Water Level and Discharge After Improvement
(Panitan Base Point)

Probable Present condition . - After improvement L

flaod Water Level Discharge Water 1level Dischatge
(year) (El m) (m3/sec) ' (Bl. m) (n3/sec)
00 11030 [2,670 12.00 4,520
50 9,55 2,270 10071 3,570
25- . 8.70 1,830 943 L 2,750
10 755 1,370 7.81 1,880
5 6.60 1,040 6.83 1,435
5.80 790 5,77 1,040

5.2,2 Diversion Plan (Bypass Floodways)

(1) Alterpative diversion plans

The following six floodways were contemplated in this Study. " The

locations are shown in Figure 5.2-1.

) (aj

FH-1: Hambusao - Balacuan bypass floodway

This plan would divert.the flood discharge of'the_Mambusao

river 1.3 km upstream of Mambusao town and across the Balacuan
lowlying areas. The proposed flbddwaj would bé'éiigned aioﬁg

the existing Balacvan river with a total 1ength of 8.3 kn (Figure
5.2-2)., The catchment area at the diversion point is about

305 km?, and the 100-year flood at this point is 2,300 m3/sec.

Taking away the present capacity of the Mambusao river of 300 m3/sec,

the design discharge of the proposed floodway would be 2,000 mzlsec.

This plan would relleve flood damage 1n the areas . downstream,
the diversion p01nt, but it would 1nQV1tab1y 1nundate the Lowlying

areas of Balacuan from the heginning of the_floqd sgason.



{b)

(c)

FW-2: Mambusao - Sapian bypass_floodway

As an alternatlve to case (a) above this diversion plan would divert

the flood discharge of the Mambusao river at 1.5 km downstream of
Mambusao town and bring it northwards to the Sapian Bay, thus decreasing
the flood discharge in the Panay river. The total length of the diver-
sion channel would be 8 km. The channel would run through low paddy
fields for the firsf 1 km, through hilly undulating areas for the

next 4 to 4.5 km and then through lowland fishpond areas for the

last 2.5 to 3.0 km. The catchment area at the diversion peint is

3130 kmz.r Figute 5.2-3 shows the rdute of the proposed floodway.

The capacity of the diversion channel was determined to be 2,000 n3/sec,

hy applying the same method as in (a) above.

FW-3: Panitan bypass floodway

Because of the limited capacity of the river channel at Panitan town
a large flood at present overflows a saddle (col) on its right bank.
This plan would provide a floodway on the right-bank saddle, and would

accommodate flood flow in exéess of the existing capacity of the

‘present river chammel, which would be left without widening. The

entrance of the floodway would be located at 2.3 km upstream of the
Panitan town, and outfall would be about 1.8 km downsiream of the
Panitan town. The total length of the floodway would be about 2.2 km.
The route of this floodway plan is shown in Figure 5.2-4,

Nith the catchment area at the Panitan town being 1,987 kmZ, the
100-year flood discharge was estimated to he 4,600 m3/sec. While

the present capacity of the existing channel after imprévement is
1,800 m3/sec at 100-year floed level, the balance of 2,800 m3/sec
would be the design discharge of the floodway. It should be noted
that weathered tuff breccia outcrops on the river bank near the
proposed entfanéé point. The imvert of the channel, therefore, should

be set above the weathered rock zone.

-
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FW-4; Panitan Bailan bypass floodway

This plan éimS'at'decréasing the incoming flobd dis6harge into
the Panéy-—antevedra'fivérs by_diﬁeft}ng'the'flopd flow
eastward to Piiar Bay. The entrance point of the floodway
would be the same as for (c) above, and the total™ o
length of the flodd#ay would be about 11.5 ka. The floodwéy
would run through low paddy ficlds for the first 9 km, through
a low plateau for the next 0.5 km and in thé'éxiséingzﬂaiagit
river for the last 2.5 km. The rYoute of the floodway is shown

in Figure 5.2-5.

The design‘capacity'of the floodway would be 4,100 m3/sec,
which is the balance of the 100-year £lood at the Panitan
peint, 4,600 m3/sec; over the present bahkful_capacity of

500 m3/sec in the Pontevedra river reaches.

"FW-5: Cogon bypass flobdwaj

This plan would divert the flood discharge of the Pontevedra
river about 4 km downstream of the Panaj/?ontevedra-bifurca-'
tion, and divect it northeastwards to the Hamulauon rlver. The
total length of the floodway would be about 9.5 km, slightly
shorter than the existing river course of the Pontevedra river

of 11 km. The route of the floadway_isrshown in Flgure 5.2-6.

With this'plan'realized,'the exiéting'Pontevedré river below
the diversion point would accommodate a bankful discharge o
of 500 m3fsec in the event of a flood, with only partial
improvement work provided. Since the’ 100—year flood is estl-
mated to be 4,60O‘m3/sec at the d1vérsipn_p01nt, the design

discharge of the prbposed'flpodway is 4?100 m3/sec.

FH-6: Hamulauon bypass floodway

The estuary of the Pontevédra river has beéh'aggraded'by siltation,
and as a result, the clogged river moutb is lowering the capa-
city of the river. Land adjacent to ‘the lower PonteVedra river,

downstream of the Pontevedra town, is domiuated by



fishponds, and goi1l conditions are not suitable for
¢onstructing high levees, Therefore the height of levees, if
constructed, would be 3 m at a naxioum. Becauée of the con-
straints of clogged river mouth and limited levee height
above, the river channels would have to bé about 1,500 m
wide, if the Pontevedra river is ever to be improved, In
this case, significant negative effects would be inflicted on

the surrounding land use.

By contrast, there has been no serious siltation at the routh
of the Hamulauwon. The Hamulauon floodway plan WOuid take
advantage of this by diverting part of the flood flow into a q
new floodway to be constructed along the Hamulauon river.
in this case, thé Pontevedra river would accommodate about
1,500 m3/sec of flood discharge and the remaining 3,100 m3/sec
would‘be flushed by the floodway. The route of the floodway
" is shown in Figure 5.2-7.

(2) Cowparison with river improveément plans

Bypass floodways are basically the alternative options to river
improvement plans for specific stretches. Table 5.2-2 presents the river
improvement plans comparable with the flobdway plans above.

Beca@se'the same flood control henefits would accrue from provision
ofﬂflobdways and their cohparable river improvement alternatives, the merits Ez
of these plans can be determined by comparison of costs. Thé comparison,
as sumnarized in Table 5.2-2, shows that FW-5 would be better vated than
the river improvement alternative but in other cases the river improvement

alternatives rated better.

(3) Economic comparison of fioodﬁay piéné

- The river improvement plans of 1) river stretches Pl and P2 only and
2) all the pratection stretches of LP, both inclusive of the fleodway
FW-5, were subjected to economic evaluation, The_regults are summarized

below: .
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