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1. Geology
1.1 Introduction

The geolbgicai investigations for the Study ihcludes'(i) investi-
gations of the general geological cohditioﬁS‘of'the Panay river basin,
(ii) iavestigations of proposed damsites, (iii) investigétion of
geological conditions along thée Panay river especially at proposed
sites of diversion weir and river shortcut and (iv) investigation of-
probable quarry sites or borrow aveas for construction materials for-

the proposed dams,

The investigation of general geologi¢al condition of the river
basin was conducted mainly by air-photo interpretation and supplementary

field checking.

The infestigationé'of proposed damsites were made by means of
surfacc inspe¢tions and core borings or trenchings.

The investigations of geological condition along the Panay river
were made chiefly by means of air-photo interpretation and surface

site inspection, and additicnally eore-borings were carried out at

the sites of diversion weir and river shortcut.

Construction materials for dams were investigated mainly by

air—phdto interpretation, supplemented by field checking,

1.2 General Geology

The geological map of Panay river basin is shown in Fig, IL.,1-1.

The upstream portion of thc'Panay river basin is‘éompoSéd'cf
the Upper Panay mainstream basin and three major tributary basins;

Badbaran river basin, Mambusao river basin and Maayon river basin,

The Upper Panay river rises in a high mountain range, which
constitutes the westerh.divide of the Panay rivcf basin.':The Pahay
river flows first scuthward then changes the direction eastward and

again north-easiward.,



The Mambusae river, which rises in the northern part of high
mountain range of western water-divide of the Panay river basin,

flows eastward until it joins the Panay river at Dao.

Badbaran river rises in the éasterh wﬁter divide, ﬁhich is composed
.of low mountalns having the. helghest elevatlon of about 500 m. The
Badbaran river basin. is genelally very. gentle in the southern palt

compared with the northern part being formed by sbeep mountain ranges

which bound.on.the Maayon river basin. The Badbaran river flows westward

thrcugh numercous meanderrings in the Low gentle plain.

The Maayon river, which flows westward and joins the Panay river
near Maayon, rises in mountain ranges of several hundred meters, which

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

The regional geological map of the river basin is prepared maiﬁlf
by meané of air-photo interpretation making rveference to Geological

Map of the Philippines and Geology and Mineral Resources of Aklan-Capiz

Province.

The upstream area_of'the Panay aﬁd the Mambusao rivers is composed
of modefately hard consolidated conglomerate, sandstone and siltstone
of Oligocene-Miocene age. By contrast, the ﬁpstream area of the
Badbaran and Maayon rivers is COmposed'éf andesitic volcanic breccia

of upper Miocene-Pliocene age and andesite of Oligocene age.

Along the main river channels, wide Flat cultivaled lands composed

of Quaternary alluvial and diluvial deposits are developed.

Middle part of the river basin is hilly with lov and géntle
topography These hills are composed of moderately soft cohsblidated
311tstono, claystone, sandstone and ronglomerte of upper Mlocenen'

Piiocene age,

Except these llthologlc unlts, several other types of rocks lie

in the rlver ba51n.. Those rock un1ts are lamestone of Pllocene~
Pleistocene age, moderately hard consolldated sandstone of upper

Mlocene~P11occne age, and hard sandstone of Oligocene age.

1 - 2
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Limestone scatiers in oulstanding shape in the central part of

the river basiﬁ from the north to thé south,

Moderately soft consolidatéd sandstone is confirmed by core boring:
at Lhe Mambusao B dam site in the right abutment. The continuation of
‘this rock seems to extend to southern }ow hills near the Mambusao B dam

site.

Hard sandstohe lies in the northwestern part of the fiveb basin,
This sandstone scems to be grouped with the andesite which expeses in
the Maajon_and Bédbaran river basins. On the Geological Mép of ‘the
Philippines, this andesite group is not distinguished from eafly

Miccene sedimentary rocks in some areas,

The ahdésité cexpoeses not only in the Badbaran and Maayon river
basins but also in the northern and central parts of the river basin

and occupies high mountain areas.:

Most lithologic units in the Panay basin belong to relalively
young geological age. Therefore, rocks are normally in mederately soft
consolidated condition excepl andesitic volcanic breccia, bard sandstone,

hard conglomerate, and limestone.

1.3 Geological Investigations

For Lhe geological ‘invéstigations, air-photo interpretation,
field reconnaissance, core boring and trench cutting were carried out.

The location map of investigation is given in Fig. II.1-2.
The geological investigation for the Study includes;
{a) investigations of general geological condition of the
Panay.rivér basin
(b) investigation of proposed damsites
(¢) investigation of areas along the Panay river

{d) investigation of construction materials



-The.aii-fhoto;ihtérpretations ¥ere employcd'in éll the above
investigation i{ems to find the lithologic boundary and bther.géolugical
structures. The interpreted area covers most of the river basin excepl

for the areas without air-photos.

¥ield reconnaissance were made Lo supplement air-photo inter-

pretation by confirming rock types by sight at_acéessible locations.

Core borings were carried out for investigation of proposed
damsites and of areas along the Panay river at proposed sites of
diversion weir and river shortcut, The quantity of core boring carried

out at each site is as shown below.

Quantity of core hbring

site . Number of Holes Length (m)
Badbafan dam site 3 100
Panéy C Dam site 3 16O
Mambusac A Dam site - 3 125
* Mambusao B Danm site 3 85
Diversion weir site 2 40
River shortcut siles 6 60

Total 20 210

Togelher with the core boring, the SPT (Standard Penetration Test)

and permeability tesis were carried out.

SPT's were made at the intervals of 2 m in soil or intensively

weathered roék zone,

The permeability test were méde by open-end metliod and packer
method, the former was employed in soil or weathered rack Zone at
the interval of 5 m and lattex in'consolidated rock zone ab the same

interval of 5 n.

The total number of the SPT, open-end permeability test éndipacker
permeability test executed in the field ave 79, 38 and 61 respeclively.



At the Panay:B_damsité; instead of bqré borings, trench’ cuttings
were made al four points, that is; lwo 4 mdecp trenches on the left

abutment and 2.3 m deep andzl.B:m deep trenches on the right abutmentt

" The summarized jllustratibn_of boring logs is given in Fig. 11.1-3
and 4. And the results of experimental friction loss test are shown

in Rig. 11.1-5.

1.4 Geology of Prdposéﬂ Danisite
(1} Bédbaran damsite

The gedlogical profile along the dam axis is shown in Pig; 11.1-6.
One 40 m dee? bofe‘hOIG and two 35 m deep 50rc holes were dfilled ét
this damsite. The borings were accompanied by core sampling and field
permeability tests. The packer test in solid or hard rock zones and
open-end test in weathered zones were conducted for the permeability

test.,

The foundation rock at the Badbaran damsite is composed‘of andesite,
forming most of the right'abutmgnt and volcanic breccia forming the lefti

abutment and the lower slope of the right abutment.

Judging from the recovered core samples, andesitic volcanié bfeccia
scems to ﬁverlie andesite. Beth ro¢k units are very hard and fresh,
showing very good core recovery-ekcept for small parts of weck and

slightly fligile disturbed zones.

The both bank of the dam abﬁtments are covered wifh'talus déposits
or weathered rock for abdut 2 to 3 m thiék; Below the talus deposits,
intensively weathered rock zones with the thickness of 2 to 3 m were
observed, from which anly fragmental weathered cores with seil materials

are recovered.

‘In some parts below the intensively weathered rock zones, slightly

wealhered rock zones of aboul 3 m in thickness were confirmed.

River deposit materials were confirmed to be about 3 te 4 m thick

in ithe bore hole BA.-2,



Pormeablllty of the foundatlon rocks 1ances betueen the 01dors
of 10 4‘cm/s and 10 -5 cm/s._ The hlgh permeable values of 10. -4 cm/s
order. wereconfllmed in sha]lou Zones of the bore ho]e BA-] and BA-2.

Prom these zones flactuated core sqmples werOIecoxeled
The permeability of_th9 f0undétion rocks at this site shall be
carvefully investigated in further stages of investigatien_in future.

Geological structures such as faults or landslides were not found

so far at this site.

Geologlcal condltzon of foundation rocks at this site seems to

be sultahie for ccnstructlon of a rill lype dam of about 30 ;m in helght.

=
¢
Foundat1on ireatment will be performed by normal grouting method
u31ng cement milk.
{2) DPanay A damsite
This site has very stcep slopes on the boilh banks inclined at
more_thén 400 in the dam abutments. ,
Por this damsite, no investigations but field reconnaissance were
made because of difficully in approach and security problems.
One existing report, JALAUR RIVER MULTI-PURPOSE PROJECT by NIA,
is referenced to-evaluate the dam foundalion condition. The geological
map around the damsite is shown in Fig. I1.1-7. p
The surrounding arca of the damsite is composed of moderately
consolidated conglomerate, sandstone and:siltstone of Oligocene-Miocene
:agé of the same type'as the foundation rocks at Mambusao A dsmsite.
The foundation rock is not very hard consolidated and the weathering
seems to reach several meters in depth.
“According to the report of JALAUR PROJECT, heavy water leakage
was observed during field permeability test in bore holes.
£
¥



Along the river channel Of the . Panay.river, a clear linéament,
crossing the proposed dan axis at almost the right angle, was observed
by air-photo 1nterpretat10ns Another clear lineament was found at
several hundred meters upstleam of dam axis in almost the sare

direction as the former.

Althbugh topography at the damsite would be better suited for
a high concrete gravily dam, the geological conditien does not seem

to allow a high gravily dam.

(3} Panay B danmsite

The proposed damsite is in a narrow gorge wilh steep slopes;

inclined at about 35° to 450.

At this 51te, many rock outcrops are observed in the lower paris
of the slopes and on the riverbed, LSPOC1a11y ‘along a small tributary
at slightly upslream 31de of the proposed dam axis, Lontlnual outcnops

of very hard andesitic ‘veleanie br0001as are observed.

The fouﬁdation rocks seém to be almost same as those confirmed

at the Panay C damsite.
They are probably'very hard consolidated and very water-tight.

AL this site, four test trenches were excavated, two of which
vere on the left abntment and the rest on the ?1ght The schematic
geologlcal proflles of test trcnches are shown in Fig. IL.1-8 and

those along the dam axis are shown in Fig., II.1- 9.

Based on thé.obselvation of tesl trenches and field obServatioh,
the both abutments are coxeled with weathered top soil zone of one
meter thlck vwhich is underlain by 1n\cn51ve weatheled Zone . of about
1. 0 m to 1.9 m in thickness and weathered rock zone of about 5 m to

T m.

The t0pograph1c and gcologlc cond1t10ns seem to allow construction
of a 50 m high concrete gravity dam. However, further geolog1cal

investigation are recommended,



(4) Pandy C-damsite
"The geological érdfile along the dam axis is shown in Fig, II.1-10.

Poundalion rock at this site is andesitic volvanic breccia that
seems Lo overlie massive andesite in dceper part, judging fyom the

‘recovered core samples.

The massive andesite outcrops remavkably in the mountains wesl

of the Panay C damsite.

The valley of this damsite is wider opened than other dam sites.

The estlimated crcst-length of the dam is about 130 m at EL. 38 m.

The width of river chammel is nearly 60 m along the proposed dam
"axis. Conceivable amount of sand and gravel are extractable from the

dep031ts on the rlverbed for use as. construclion materlals.

" The slopéé are inclined at an aferégé of 30° on both abutments,
though the slope is gentler on upper part of the left bank. On the
slope of thé abutments are 2 m - 3 m deep talus deposits which are

generaliy,composed of cléyey'soil wifh weathered andesitic gravels.

B?low the talus deposits, the inteﬁsively weatheréd.bcdrock,
_ composed of weathered gravels and rock fragments, is confirmed for

less than 2 m in Lhickness.

Underlylng the 1ntenslvely weathered rock zone, there are weathered
rock zones, ah1ch are malnly composed of oxidized weathered fragmental

rocks.

Depth of river ﬁep031ts is conflrmed to be aboul 5 m in the bore
hole PA-2 Iocated at the side of river bed. The depth of river dep051t

seems 1o be around 7 m ~ 8 m in Lhe central part of the river channel.

Pérmeabilify coefficient pf-the foundation rock ranges between
'the orders of 10 -3 cm/s and 1070 cm/s in the bore hole PA-1 and PA-2.

This suggests the waterutlghtneqs of foundatlon condltlon.



‘However, lhe permeability Coéfficienf'in.the'bbré‘ﬁ610 PA—3 wﬁS"'
exceptionally in the qrdefslcf;lQ_? cm/s'and.loff em/s.  Packer test
was conducted at‘évéfy 5 m section from 5 m 16 30 m in dépth.r'Tﬁé
highest value of the permeability coefficient, 2 x 10H3.6m/s;“was
recorded in ihe section between 20 m and 25 m. - The secOnd:high value,
B8 x 10_3 em/s, was recorded in the sebtiOn:hétween 10 m and 1% . -

LUGEON values of these two sections are 151.9 and '138.1 respectivély.

The recorded permeability ¢ocfficients in the bore hole PA-3 are
very high compared with the values obtained in the other boré holes,

i.e., PA-1 and PA-2,

Recovered boring core saﬁplés”inaicate that theére are several
fractured or'fragile_barts'in different depths in the bore hole PA--3.
These parls scem to be caﬁsed by:opeh_cracks in the‘drilled.seCtions.
These fragile parts are not accompauied by clay materials as often seen
in faults. However, the topography at the bore hole PA 3 is Sllghtly |
concaved, and beeause such topograph1c condltlon is often rclated to
concealed faults, speclal atlention neceds totle pa1d in further studies.
The foundation rocks of this site have many calcite veins that are

accompanied by small cavilies.

Ground water table in the bore hole PA-3 was at.S m beloﬁ the
ground surface.  Which is almost the same as in the bore hole PA-1.
This implies a rather water—tight characteristic_of the foundation rock

in natural condition.

The cause of the high permeability in the bore hole PA-3 was not
made clear with the insufficjent data oblained so far. Further

investigation is recommended in the following stage.

A31de from the ab0ve, the obtalned permeablllty Loeff101ents seem
to be 1mprovable by foundation treatment, and no serious problems of

dam stability seem to arise.
Except. the relatively high permeability in Lhe bore hole PAL3,
it seems to have no further difficullies for construction of a

concrete gravity dam of aboul 30 m in height.



(5) Mambusao A dams;le

The goologlcal pfoflle along the dam axis is 5hown in Flg. II 1- 11.

Mambusao A damsite is 51tunted in the same llthologlc group as
that- of the Panay A damsite. Noderatuly hard consolldaled conglomerate,
'sandstone and szltstone are - ‘recovered alternately in three bore holes

drilled along thc propospd dam axis.

The righl abutment is rathér_géntle with the sldpe inclination
of about 20% to 25°%, 'Oh'the-contrary, the left abutment is very stecep

with the slope inciined at about 40° or more in parts.

Talus deposils or wealhered rock of about 7 m to 10 m in thickness

Py

cover - the both abutments. The‘qverfﬁurden is extraordinarily thick

compared with thatl of other damsites.

Thié seemé to'havq been caused by depositing of gravels derived
from more or less loosely compacted conglomerate on the gentle slope

of ﬁhe right abﬁtmenL.

On the left abﬁiméht, there is an 5pparent slope change which
fmplies possible presence of faults or 1iabi1ity to landslide above

the location of the bore hole BA/U-3,

The presence of pUSQ1ble faults has to be investigated more in
detall in the following stage. The above mentioned loose core condition
for about 21 m frem the ground surfacL seems Lo have some relation

with the above mentibnbd tppbgraphiq abnormalitieés.

The conglomelate is hard in outcrops near the damsite, but mostly
the rounded volcanie gravels and some fragmental cores aré recovered
from‘the.bore holes. This seems to suggcst the rather weak consclidation
condiﬁioﬁrof.cdnglomerate._ The conglomerate ié prqdominant on the

'righf abutwent..

. Core recovery is generally nol very high; ranging belween 50% to

905%.

e 8
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‘Excéept the shallow part of the bore holé'MAfU—2,-finélto'coafse
sandstone and sillstoné accompanied by conglomerate in parts are

predbminant iﬁ.the bore holes_HAfU~2 and MA/U-3.

The sandstone ahd'siltétoné‘ﬁfb hot'conéoli&a{ed‘hatd} Theféfbre,
the recovered cores of the Sanaétbné and siltstone are frequently
broken into thin pieces by vib}atibn of cove barrels during drilling,

in spite of very good core.recovefy of'héarly 100%.

"Apcofaiﬁg to Lhe observation of the recavered cores, the sandstone
and siltstone have gentlé inclination of bedding planes which dip at

about 10° to 15%.

The bedding plane scems to dip from the right bank to the left
bank, judging from outcrops of rocks and observalion of the recovered
core samples. As the dipping has no remarkable change, the stratification

of the rocks overlain this site is estimated to be a monoclinal structufe.

The intensively weathered zone is about 6 m thick at mest. The
underlying weathered rock zones change their thickness between 2 m
and 4 m on the"right abutment. On the other hand, the depth of the

weathered rock zone on the left abutment is about 10 m.

The depth of river deposil materials édmpdséd of big volcaniec
gxavéls is confirmed as about 0.7 m by hand excavation near the boring

hole MA/U-2.
~The average depth of the river'deposibs secems Lo be about 2 m to
3 m. .

. SPT (Standa}d Penetration Test) was made in talus- deposit and
intensively weathered zones in the bore holes, MA/U-1 and MA/U-3,
The recorded N-values range 20 to 50 in the zoues above 16 m below

ground surface in the both bore holes,

The N-values do not secem to be sufficient Lo support a dam of

more than 50 m high.

1 -11



-ngmédbility'éoefficient by the packer method and open-end method
were in the order of l(}_4 cmfs, with variations between the oidéps of

1_0---3 cmfs énd 10_5 cm/s.

The hlghest permeablllty cocfficient was oblalned at the depth
of 15 m 1n the bore hole MA/U~1, between the 1ayers of 1nten51vcly
.weathexed_conglcmelate and weathered conglomerate. This seems Lo be

caused by water leakage fhrough open cracks or fractured zones.

" The groundwater level observed was 22,3 m below the ground in the
bo:e hole “A/Unl and 25.2 m in MA/U-3, These deep groundkater levels
.seem to suggest rather pervious condition of the foundation rocks on

both abutments.

Judging from the obtained data, not only thick loose matefials
_But also deep weathered rock zones, are deveiqped on both abutments.
_Pefmeability coefficient itself.is'very high and deep groundwater

tables show the possible high pervious condition of the foundation

" rocks.

The above mcntiqﬁed_condition of the foundation rocks might

bring about some trouble in foundation treatment.

Jﬁdgihg from these results, the foundation rdcks‘at the damsite

do not scem to be suitable for construétion_of a high dam,

(6) Mamhusao B damsite

The geologlcal plOfllE along the dam axis is shown in Fig. I1.1-12.

The proposed'damSite is situated in a valley with wvide opening.
 The sibpe are inclined at about 10° on the right abutment and at about
25% on the left. | :

_ 'Thg upper part of the right abutmcnt is composed of fine to ﬁedium
" grained sandstone. The section between the Yofi abutment and lower
part of r1ght abutment seems to be composed of alternation of conglo—

merate, 511tstone and %andstone.

A,
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The ground surface is covered with talus deposits and aneath"
that intensively weathered bed rock zones are Sevelqped-fOf about 5 m

to 10 m.

Below these zones, 3 m to 5. m thick weathered bedrock #ones secm

to be developed.

In the bhore holé ‘MA/D-1 drilled at figﬁtabutment 1loose sandy weathered
s0il was recovered fyom the upper portion, although the boundary between

re31dual soil and talus deposit is not clear.

River deposits seem #p be_developed.for about 12 m judgihg from
the recovered cores from the bare hole MA/D-2. Concerning the section
between 6.8 m and 12 m below the sufface, it is not_ciear vhether the
s0il belongs to the river dep051ts or to the weathered bedlock zones,
because only andesitic gravels were recovered from this sectlon.
HoweVer; ihe bedrock conglomerafe in this area is characterized by

predominant whitish limestonec gravels..

‘Based on these fa¢ts, the boundary bebween the river deposits

and bedrock is estimated to be located at about 12 m in depth.

Judglng from 1nterbeded s11tstones, the bedd1ng p]ane of the

conglomerate inclines at aboutl 150

From the bore hole MA/U-1, medlum grained sandstone was reccvered :
in moderately SOft consolidated cond1t1on.' Ehls sandstone is almost '
homogeneous to the bottom of the hore hole. Bedd1ng planes wexo '

observed in part, Having inclinatioﬁ of dip at about’ 25% to 300,

As there ié no disturbance in iﬁclinétion of bedding plane,
structure of the sandstone seems to be in monoclinal cnndltlon,

1nclln1nﬂ from the rlght abutment to the left abutment

The conglomelate seems to overllc the sandstone conformably.
SPT'S wero carlled out in the bore: holes, and N values of 5 to 50
in the sectlon aboge 5 m deep were drained. chever, the value

exc¢eeds 50 anywhere more than 5 m below the surface.



}brméability.coefficienlé‘range ﬁbstly betweén the orders of
10_4,Cm/é.anq.iﬁvs-cm/s. Relat1VQ1y ‘high pexmeablllty cooff1c1enis
of 7;9 to 8.3 x'10*4 cm/s were obsexvcd 1n the bore holeMA/D- 1 in
the secclion between 15 m and 25 m below thc surfauce. Additionally,
the grbundﬁatérftable:in the bore hole MA/DS1 was very deep 21 w

below the ground surface, which implies a highly perviocus condition.

The foundat1on rocks shall be uﬂpable of susialnlnu a fill ‘typé
dam of ‘about 30 m in helght ‘despite ‘foundation- excavatloﬁ will have

to be very dcep.

As the foundation rock is imbérviOuSHan& ih.moderaiély'consolidated
soft condition, the foundation treatment will be peiformed by trench
excavation 6f the core zone of the dam.body and driving steel sheet
'piles' into bedrock Zones beneath the core zone. The foundation treat-

meni will be 20 m in depth.

1.5 Ppbposcd Diversion Weir and River Shortcéut Sites
{1) Proposed diversion weir site (Refer to Fig. 1I.1-13)

" One of pfoposed diversion weir site is situated at about 700 @
upstream from the bifurcation point of the Pontevedra rlver and the

Panay river. AL lhis 31te, the Panay river is ahout 75 m wide.

The water depth at this s;te was not’ contlnually su1veyed but
the depth seens Lo be Qhallower ncar the rxght bank and be deeper ncar
the left bank. The both rlght and left banks arc flat and the ground

height from the watler surface is normaily aboub 5 m.

At this s;te two bore holes were drilled.  The 6ne was on the
“left bank near the river channel for conf1rn1ng subsurface cond1t1on
of the river bank. . The other was in the rlver channel for confllmlng

river deposit materials.

From the bore hole DW -1 on. the left bank, loose sand stlff clqyey
silt and very stiff clay 1nelud1ng organlc c]ay materlale were obtained._
N-values by SPT range from 4 to 23, wh1ch 1nd1cate rather weak foundation

condition, hsp001111y more than Tm below the ground, Nuvalues were
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less than 15.  Permeability coefficients observed in this boré hole

vere all in the order of 10-1 ¢cm/s.

The bore hole DW-2 gas driiléd.in:the river Chanﬁé1, and sandy
matcrials ﬁf medium to coarse gfains in hOmogéneOUSfcondition were
recovéred.. N-values range from 8 to 35, exceeding 30 in the sections
more than 8 h deép;. The obtained N-values suggest that the sand is

in loose 1o medlum loose COﬂdltlﬂn.

Judging from the obtained Nuvalues, the bearlng capac1ty will be
about 10 +/u2 at the depth of 15 m in the bore hole DW-1l. By contrast,
the bearing capacity is aboul 10 t/m2 at the depth of 6 n and 25 t/m?
at the depth deeper than 10 m in the bore hole P¥W-2. '

If a larger bearing capacity is required, friction piloé or.grbuping
piles shall he necessary to increase thé bearing capacity aund avoide

unequal settlement of gate structures.

(2) Proposed river shortcut site

Proposed river shortcul sites taken for the geological invéstiga~'
tioh were six in total. Core horing, SPT's and open-end method
perneabllltv test were carried out al every proposed river shortcut

sites. The drilled depth was about 10 m at each site.
The locations of the drilling sites are as follows:

8C-1 : on the right bank‘of.Pontevedra'river at the bifurcation.of.
Pontevedra and lower Panay rivers

SC-2 : on the left bank of Panay river at the upstream side of the
bifurcation of Pontevedra and lower Phnay river

SC-3 : about 1.5 km squth of Panitan

5C-4 : just upstream side of the confluence of the Panay river_and'

o the Maayon river | : - |

SC~5 : about 1.8 km upstr eam frOm the confluence of the Panag river
and the Mbayon river

SC~6 : about 2.8 km downstream from the confluence of the Panay river

and- the Mawbusao river



The geolﬂgical:éOndiLions ét‘each,site are as follows,
SC-1 site (Refer to Fig. 11.1-14)
From the borehoie'SC—l,'clay-ﬂud‘brganic:clay layers were obtained.

The organic clay contains carbonated wood pieces.

_Thc recorded N-values rangé from 4 to 13, represonting.very soft
formation. In the section above 8 m below Llhe ground N-values were. 7

less than 7.
,fermeébility cocffjcignts.ére in the order of 10h4 cm/s,
§Q:g_§££g.(ﬁefef ip.fig;‘li;i—IS)
The clayey materials and o%ganic clay m;tefials were recovered from

“the béore hole SC—Zzexéept in shallow sections between O and 1.2 m deep

from which sandy materials were recovered.

The recorded N-values were less than 10 in the section mere than
5 @ below the ground. O©Only one N-value slightly exceeded 10 at the
depth of 2.5 m. '

The measured permeabilily écefficients were in the order of 10

10 cm/é.

8C-3 site (Refer to Fig. 11.1-16)

Prom this hole, sandy materials were recovered except in Lhe
section belween 2.0 and 4.0 m deep where clayey materials were

recovered.

The recovered materials -are composed of fine to coarse gained
~silty to sandy materials.

_ Recorded ﬁ—#alues'ihcredée ﬁiﬁh depfh, ranéing between 3 to 40.
Below 7 m deep, the sand is in dense condition with'Nfﬁalue'of'more
than 30. R |

Thé'measuredfpermcability coefficients were in the orders of

lodz'cm/s and 10—3:cm/3;
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5C-4 site (Refer to Flg IL.1= 16)

The clay matel1als and organlc clay mater1als wore recovered frOm
the bore hole SC 4. The clay is sllghtly greenlsh brown ‘and hxghly

plastic. The organic clay is ‘blackish and very stiff in condltlon

The recorded N—valﬁés were lower in 6layliayer,'rahging 10 to 21.
By contrast, the values range from 22 to 28 in the organic clay 1éyer

more thaa 7 m below the:grouhd.
The permeability coefficients were in the order of 10~4 cmfs.

SC-5 site (Refer to Fig. 1I.1-17)

The silty clay, clay and sand were recovercd from the sections

Omto 4.3 m, 4.3 m to 8 G m and below 8.0 m decp lespectlvely.

The recorded N-values were less than 20 in the section above 6 M
deep. Below 6 m, the N-values slightly increase with the depth and
reach Lhe values of 27 and 31.

The perMeabiIiLy'cgéff{cients were in the order of 10—4-Cm/s.

5¢-6 site (Refer to Flg. IL.1-17)

The s11ty materials were recovered from the seclion above 6 5 m
deep and the sandy materials were recovered from the section below

6.5 m deep.

: N—valuES'rangé.from 4 to 20, which implies loose condition of
sand matevials. The silly materials are soft in COndiLion.
The.permbability coefficients'were in the order of‘.l(}"2 enfs.

The dtedging gapab1ligy of pump dlcdger or grab dredger allow

extractlon of sandy soil and clayey s0il of which N-values arc less than

30 without crushing.
Based on the above grounds, a pump dredger or a grab bredgeéer seéms
capable of excavating lhe proposed river shortcut sections without

difficulties except in deeper portions at the SC-3 and SC-5 site.
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_ In deeper sectlons 1n the boru ‘holés, SC-3 and SC % —valuos
increase to reach about 30 to 40,  These seetlons seem to be dense or
hald but thy dredgino or ethvatlon of theso spct1ons still seems to

be pDShlble.

- 1.6 Construction Materials
{1} Badbarén dam'(Rockufili)

The c¢ore materials for this dam ave pfééﬁmébi& obtainable from
‘ gentleJtopogfaphic_area at the south of the damsite. This area is
overlain by several meters of residual soil and weathered andesitic

volcanic breccia. After stripping surface organic soil, the materials

uhderlying will be suitable for core materials..

W

The fock.matéiials‘will be obtained from the mountains extending
towards north from the damsite. An alternative source will be lime-
stone mountains located at the westezn part of the damsite for about

5 km in an air-line distance.

The sand and gravel materials for filter=materiais and for concrete
aggregéteé ﬁere not found near the damsite. The river deposits,
.compoéed chiefly of sandy materials, are mostly under the river
water and the obtainable amount will not be sufficienl. The sand
and gravél materials thercforé will be obtained from hard andesite

or limestone by crushing.

. ,f“‘
(2) Panay A dam (Concrete gravity) _ : - ﬁg

Along the river bed of the Panay river, there are sand .and gravel
materials in the upst1eam and downstream bldeS of the damsite.

However, ‘the obta1nable amount was not been conf1rmed yet

_ Part of the requlred concrete aggregate W111 be supplled from
the river dep051t materlals - The rest of the malerials will have )
be produced by crushing of hard consolidaled }1mestone or conglomerate,

whlch lie within one to the north and south from the proposed damsite.
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(3) Panay B dan (conc'rete‘ gravity) S

Panay B dams:te is sztuated on a narrow gorgﬂ 'Thenfifér'séétidn
becomes opcn and wide at ahout 200 m or 300 m downstream from the_'
damsite, formlng a river channel of more Lhan 50 m in this part
downwards. The sand ‘and glavel dep031ts were observed in the full
width of ‘the river channel. Therefore, the sand and gravels at several
_hundred meters downstream from proposed damSJte wvill be produced from

the river bhed by pnwer_shovgls on a Small ‘scale.

As the river chéhﬁel is wide and sénd and ﬂravélé aTe.fnliy
depos1ted in the rlver channel, the rcqu1red amount of concrete

qggregate WL]l be suff101ently supplaed

{4) Panay C dam {Concrete gravily)

At this site, éand and gravel'deposits are also,obsqrved fully
in the river channel The gravel size scems to be slightly shaller,
"2 em to.3 em on an average dlameter, than requ1red for concrete
aggpegate. However, the sufficient sand and gravels will be supplied

from the river deposits to cover requiréd'amount of concrete aggregate.

.Hard consolldated andesite lies at the norih of the dam31te at the
distance of about 5 km. Hard limestone out310ps, conformning 0utstand1ng
high mountains, Wefé.observed at the south of the damsite at the
distance of about 3 km. The large size aggregates will be sﬁpplied

by'crusﬁiﬂg of hard andesite and limestone.

(5) Mambusao A dam (Rock f111)

There are some sand and gravel dep051ts along the rlverbed of
the Mambusao river. The average diameter of Lhe gravel size is about

5 ¢m to 10 cm with a leaning to a bigger size.

The sand and gravels will not probably be eHOUgh to cover the
requlled amount of concrete agglegates and filter materials, because,
the depas;tlng dePth was cqnf;rmed to be Q.7 m_by excavat1on5 The
average depositing depth éf the material se¢ems to be 1.0 m to 2.0 m
at this site at most. In case of insufficiency quantity of the
materialts, additional amount wili be supplemented from cru#hing of

the rbck materials.
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The rock materiais will be supplied from the high mountains
lOLdted to lhe nolih of the ptoposed damsnle w11h1n the dlslanco of
2 to 3 Lt The mounta1ns seem to be c0mpobed of moderately hard

consolidated_cqnglomepatg that eaposes near the damsite.

Houcver; the 1ecoveled core samples of COHOIOmerate at this damsite
are 1n short cyllndrxc or flagmental condition. Prom th1s, it is _
'con31deled thatthe consolldatlou of the rock may net be hard enough to
be used as rock mater1als. In this case, the supply sourée of the -
rock materials w111 have 1o be dzstant One pOSSLblllty of alternative
1ock materlal seurce is the n01theln side of thﬂ 1arge mass of andes:tc
mountains located at the northern part of Tapa? ' However, in any case
the haul1ng distance will be more than 12 km or 13 ka in a air-line

distance.

The core materials seém to'be preducible from the gently topographic
area surroundlng the ploposed damsite, mostly in the downstream s1de.
The obta1nable corc materials are wealhéred soil or residual soil of

sandstOne, conglomerate, and siltstone.

A rock-fill type dam was considered for a preliminary design.
However, if the rock materials is not sufficient, an earthfill type

dam will.bave_to be considered as an alternative.

(6) Mambusao B dam (Rock-fill or earthfill)

‘Some sand and gravel deposits were confirmed by core boring, but
the materials are submerged about 1 to 2 m deep near the proposed
_ damsite. Accordlngly, the excavation of the sand and gravel deposits

© seems to be difficult.

Thé-rcqufred concrete aggregate and filter materials will be

obtained by crushing of rock materials.

. Core materials seem to be suppiied sufficiently from the
surrounding area of the damsite., The materials seem to be mainly

composed of moderately soft sandstone, siltstone and ¢onglomerate.

V.Y
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The rock materials will be shppliéd_frOm:the andcsife m6ﬁﬁféih ‘
located at the north of Tapaz, or hard sandstone or limestone mountains
located at thé north west of.Mambusao. These sources are the same

as those fof the_Mambuéab'A‘ﬁam..

The above deScfipfion on the matéiial sburces-dfé'ﬁésbd-on'thy:
observation duriﬁg'fiéld fec§nnéiss§ncé. Therefore, deéaileﬂ'in¥éstiga—
tions on thé:mafcriais wﬁli have to bé performed in following stage,
to confirm the availability of materials both in terms of quantify and

quality.
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2. Ground Water
2.1 xfntroduétion
The gxound water stud5 vas carlled out to assess the possxb111ty

of Ehplﬂltlng and utlllzlng the glound uatex as an altelnatlve soumce
for 1rr1gat10n and munlclpal water supply 1n the Panay 11vel basin.
The study was madc in the pre11m1nary accass to e\aluate the proved
water potentlal bv means of the 1evlew af exlsting data, the 1n\entory
of exlstznD wells and the measurcment of electrical conduct1v1ty of

well water.

- The existing data were provided by N¥RC (NATIONAL WATER RESOUNCES
COUNCIL), which comprised the records of testrwells.gathercd-by Local
Water Utilities Conncil'and ¢compiled by NWRC, These data are suwma-
rized in Téble'II.2~9. Other reports, particularly those published by
Regional Mineral Resources Development Center were reviewed for

reference.

An inventory survey wés made on existing wells to collect data,
such as actual daily demand, purpose of water use, water quality,.
groundwater table and well depth. Most of existing wells are equipped
with_a_pump; They are normally shielded by concrete struclures for
a pump pedestal, and condition inside ihe wells were not easily
observed.  Therefore, hearing from useré.of Lthe wells was the chief

- metheods of the inventory survey.

The electrical conductivity measurement on the water bodies taken
from existing wells and rivers was conducted to assess the water
quality especially in terms of salinity caused by sea waler intrusion

and contamination.

2.2 Inventory Survey on Existing Wells

" Por obtaining actual condition of groﬁﬁd'water,.the inventory
survéy'on éxisting wells was carried out. The invenforied wells:are
136 in'tdtal”numbers, ineluding the w911$ tocated in surrounding areas
of the Panay riVer'bésin}. Among the inventorised wells, 108 wells
are listed jn.Table I1.2-1 Lo Table II.2~S in £his report since

they carry complete data. Their locations are shown in Pig. II.2-1.

A
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NWRC posses ‘es a stock of data Loncernlng wellﬁ locaied in. Panay
river b331n. Howcver, parts of the 1nventor14ed wells have not been
confllmed ploperly 1n-31tu, partly bccausc number plates for 1dent1f1—
cation ofime exxstlng wells have been removed or damaged.: Therefore,_-
chanocs in conditlon aftler bclng 1nvent0rized are not easily traced

'accozdlngly.

Most eof eiisting'weljs are )oéatﬁdrjn:populatéd aféas‘aiohgjthq
mainstream and fribﬁfaries.cf the Phﬁa& Ri*ef; such as towns of Tépés;
Dumalag, Dumarao, Cﬁartefo,'Ddo, Sigmh; Panitan, Mambusao, Jaminaﬂh,
Maayon, Pontevedra, Pahay'and'Roxaé éity; From cOnveniencé, the Panay
river basin is divided into 13 divisions acgordlng to the above towns,

as shown in Table I1. 2—9 and 11.2-10.
The summary of the inventory survey is as follows:

The well depths range between 1.8 m below the ground surface and
are 16.4 m on an average. The average depth of 5.4 m of the wells in
- Sigma is the shallowest among the 13 divisions, and that of 27.7 m in

Tapas is the deepest.

The average static groundwater levels are grpSst in Lhe range:
of -0.3 m to -17.5 m below ground surface, though most of Lhem are
wilhin the range-of‘shallow debths above -5.0 m. The shallowést -
average static water level is -1.7 m bclow:grOUnd surfacée at Panay
and {he deepest.avefagé static water level is -5.6'm bélow ground .
surface in Dumarao.  Tﬁe mcasured.wafer level is -5.6 m below ground
surface ih Dumarao. Thé measufed'static waler levels are generally

in a-shallbw depth.

_: The minimum and the maximuﬁ amount of pﬁmpe& water from cach well
are 0.1 tons per day and 45_tbné'per day, respectively, based Oﬁ'thé_
hearings. The average amount of water use is less tﬁah‘4.tohs per day
per wll commonly, with exceptions of 7. 38 toné per day per:Weli_in
Cuarterc and 12 29 tons per day per well in Potevedla. It is rational
to presume that thele ex1st ‘permeable beds 1n alluvzal depOSLts,

where the=wells yield a large amount of water.



Dla\downs dunnD pumpinq'weré iopofted by users in tﬁe ihventory
sun»ey.. the minimun dla\dnwn was O 5 m and ihe qu1mum 46 m amang the
OXI%tlﬂg wells, and the q\crnge value of dlamdownb was 7.6 m. It can
be assessed rather a. lﬁrge value comparcd wlth the small amount of

daily pumang quantlty of 3 88 tons per da) per well (Tab]e 11.2-10) .

Questions might arise on accurécy of .drawdowns gathcred'mbstly
from hea11ngs, since mosb of the well are shzeldcd.= PumpinD capacity
per well per unit d1a\d0hn, that is speu1f1c capacily, was refexled
from the file of NWRC Thc sp001f1c capa01ty of the etletlng wells
1ecorded in the well f1Ie of NWRC, which was plobably measured on their
conslxuctlon, are, common]y less thqn 0.8 l/sec /heter oxcept rather
high value of 1.75 1/s/m in Pontevedra {Table I1.2-9). This implies Lg
that in all the studied d1v1310n5, there do not seem to he any

atlractive wells in existence.

In Pentevedra, the average sﬁecific capacily is somewhat larger
"than: that in other divisions. However, sca waler instrusion might
“be taking place locally,-becduse‘the town is localed near the coastal

‘swampy area,

2.3 Aquifer in Panay River Basin
The_geology of Panay River Basin is described in the section of

Geology (Sce Fig. I1.1-1).

The oulline of general geology related to the ground water aspect

A

‘is summarlzed below ' The mniddle and the lower reaches of the Panﬁ)
river baSIH is composed of consolldated claystone, s;ltstone, sandstone,
and'cﬁngloméfate forming gentle hilly masses. Mountains in thé.Panay
river basin arc.moétly compbsed of'qndesitic ‘hard rocks and limestbnes.
Those’ Iocks are so well cemented that theré is no raom for aqulfers.

to be formed there.

i

Permeablllby COefflCIOHtS of the and951t1c rocks, llmestones, _
and cansolldqtcd scdlmentary rocks were measured by field permeablllty
tests at the proposed dam 51tgs. Thg mgasured permeab;l1ty cqeff1c1ents
range in.thé orders.of_*10—4’6ﬁfs‘foh*i046 ém/s:mdétiy; iﬁdicatiﬁé low

‘values. Judging from this, these rocks secm to bg an aquitard.



Along the main rivér éhéﬁhbiS,"théré éﬁténds wide ﬁﬁd.flat
‘cultivated plains formed of alluéial debosifs{ :ASFtheUéliuvial"
deposxts have been derlved from. the weathercd clayey materlals,

coarse deposits are generally less in quantlty.

The depth of'he alluv1al dep051ts is about 10 m to 20 m on the
middle reaches and ‘about 30 m or more on the lower reaches,’ Judging '
from the results of_core boring at the proposeéed dam site and at the
proposed river'shbrtcut sités._ Test well dri;ling'by LOCAL WATER
UTTLITIES ADMINISTRATION near the branch point of the Pontevedra
river and the lower Panay river 1ndlcated that the depth of the

' alluv1al dep051ts was about 35 m.

- Permeability coefficients of the river dcposits; measured.by‘_
openéend methed at the'prdposod river shorteut sites, range in the
order from *10-2 enfs to ¥10-4 cm/s, and are mostly in the order of

*10-4 cm/s.

Eased on the geological conditién and the result of the permeability
test, existence of possible aquifers in the Panay river basin are

limited only in the al]uvial'depqsits extended along the rivers.

The alluvial aquifers'of the al]uvial_dePOSibs develop in several
kilometers in width_on the middle reaches of the Panay river and on

lower reaches of the Mambusao river and the Maayon river,

A very wide extending alluvial aquifer exists in the areas of the
lower Panay river and the Pontévadfa'riyer. Howéver, the lower parts of
these areas are clese to the coastal swampy area, and sea water intrusion

is commonly observed.

The extent-of alluvial équifep in.thc.Panay rivef basih is_not
completély'méde clear’ so fér; hoWerr,.the alluvial aquifer will be
roughly classified into 4 zones {See Pig. 1I.1-1): lower veaches of
the Mambusao rivér, niddle reaches of the Panay, Lower reaches of the

Maayon, and lower Iéaches of e Panay.



2.1 Quallty of Ground Hater (Sec: Pig. II.2-2, F1g 11.2-3 and -
‘ TAB[.E.‘ II. 2—1 to TABLb 11, 2-8) _
g Durxng the pellod of the. lnventOIy survey, thc vater qualltv data.
'lncludlng tasbe, smell, and coloul were obtalned‘by hearlng with the

user of the exlstzng vells.

Accofdinu Lo {he.sumnary'of the iﬁVentdry qurvey on the existing
" wells, onl) about 50 wells out of 103 dnventoried vells supply potable
water for: drinking. The 1em31n1n0 wells Suppl) waler with salty iaqte,

foul Smell, and/or discernible color.

The main reasons acLountlng for 1nadequate water.quallty‘are poor
functions of aquifers conta1n1ng ‘silt materlals, pol]us10n by bewage
waler 1nsuff1010nt treatment of waste waler and so on,: Inlrusion of
accounts.tor‘saity‘taste'bf water; confirmed in 15 wells, especially

~in the areas along along the lower Panay and the lower Ponlevedra.

Electricalxcoﬁductivity'mcasurehent was carricd out on water
sgmples_e;tractéd from the existing wells aﬁd_from_the main river
channels. -The rcsul(s of the measurement‘jn&icate_that sea water
intrusion reaches the towns of Pontevedra and Panay*sho?ing,mbre than
1,000 micro s/m. - These areas arc located near the swampy area facing
Lthe Pilar Bay. Rélati#ely:high conductivities, between 500 micro s/cm
and 1,000 miero s/cm, were observed in the diviéidhs of Mambusao,
“Panitan, Dao, and Cuartero. e

~ These relatively high conductivilies are probably caused by
pollution by"ihfiltratidn; beb?use vater samples from rivers near
the' towns caﬂstantly indicate abeut 200 micro s/em of conductivity.

Helation curve bebween electrical conductlvlty and contenls of

NaCl is shown in Flg. ‘11.2-3 for reférence

o
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2.9 P0351b111ty of Ground Wator Exp101tat10n in ]anay Rivér Basin

'As discussed in the above sectlons, a pOSSlle aqUifér will be.
conf:ned in alluv1al dep051ts in “the Pdnay river ba$1n. :Thé'alluvial
depos1ts are chlefly composed of clayey and s11ty mater1als wh1ch
have relatively Low permeablllby as observed in the bore holes tests
jat river shortcut sstes The thlckness of the alluvial depoglts is

36 m near . estnary area and hec0mes thxner toward the upstleami

The well Tiles of NWRC show that average Specific capacities of
ekistiﬁg wells in the populated town areas are less than 0.8 1/s/m,
except one value of 1.75 l/s/m'at Pontevedra; ‘Pontevedra is located
close to coaétél swampy areas and sea water intrusion into this area

is being suspecled.

Relatively high clectrical condudtivity values were observed not
only in coastal areas but also on inland areas. The water quality seems

to be in general.inadequate.

In Lhe existing report of "GROUND%HATER INVESTIGATION PROGRAM
FOR IRRIGATION IN SOME PARTS OF LUZON AND BOHOL AND PANAY ISLANDS"
prepared By Regional Mineral Resources Development Center, some parts
of the fluvial plains around floxas City assessed preliminarily td be
capable of providing relatively favorable condilion fof ground water

exploitation..

[n ‘the report of "FRAMEWORK PLAN PANAY RIVER BASIN" by NWRC, the
average annual precipilation over Lhe Panay river basin is estimated
to be 88 l/s per square km. The calculated. groﬁnd water contribution
on the Panay river and its trlbutazles 15 25 1/s per square km. The
balance of 63 1/s is estimated for evapotransplratlon plus surface and

subsurface runoff through preliminary s tudy.

Detail observation of the exis@ing wvells, and the drilling of five -
test wells with pumping tesfé were carried out by Loéal Watler Utilities
Coun011 in the lovwer reaches of  the Phnay river and Pontevedra river,
The results of the 1nvest1gat10n was described in the 1eport of

TFEASIBILITY STUBIES OF ROXAS CITY WATER DISTRICT". It is indicated



= : S o . - %
indicated that the alluvial aquifer is- 35 m in depth in lhis région
and that most of the bveflyihg m@teriais are élay_to sandy clay which
contéins lenses of Sand.béd of lover permeabilily irregularly. -
Judging from the vesult of the study, the potential of ground
.Qater éxplditabioh'wiil be coﬁciudcd_tp be'tery poor iﬁ'tﬁe.Péﬁdy river
basin. The large scale development of ground water will nol be possible,
although minor exploitation will be practical for lecal or private
uses from the alluvial aquifer.
<
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Table II.2-9 ' Summary of Well PRiles of National Water
Resources Council '

Average

Total

Average:  Average
Static Discharge Specific Well  Completed Well.
Town Water Level Capacity Number Year Depth
{m) Cps R ()
1. Tapaz 2.27 0.40 0.18 9 1954-1956 '18.05
2. Dinalag 3.96 0.55 0.70 8  1949-1962 31,91
3. Dumarao 7.04 0.93 0.80 14 1949-1962  23.09
4, Cuartero 3.44 0.66 0.31 9 1948-1962 18.07
5. Dao 3.49 0.67 0.54 12 - 1948-1262 20.74
6. Sigma 2.4 0.52 0.59 4 1955-1957 16.77
7. Panitan 4.06 0.47 0.43 10 1955-1962 14,19
8. Manbusao 3.99 0.43 0.5 14 1953-1965 17.71
9. Jamindan 3.28 0.57 0.28 5 1955-1966  38.11
10. vontevedra  2.60 0.74 1,75 22 1954-1958  10.64
11. Panay 2.82 0.67 0.61 10 1954-1957  14.43
12. Roxas City  1.72 1.17 1 0.49 25 1953-1971  13.38
3.13 0.72 0.66 1948-1971 ° 17.50

T2-9 .

151



Table 11.2-10 Summary of Wells Inventoried in This Stage

Average - Average stinated

' Spring  Abandoned

S vell - sStatie | Daily Average  Well
' _Town _ Depth. Water level Usage Quantity ilunber Yater Well nunber
T © An) _ {n) - {ton/day)} .
1. Tapaz . 27.69  5.82 1.17 4
2, Dunalag 20,98 3,11 3.59 5
3. Dumarao 20,33 5.59 . 1.53 3 P
4. Cuartero 14,00,  2.34 . 7.33 4
9. Dao | 21.14 1.98 3.20 3
6. Sigm 5.43 2.9 | 3.40 5 -
7. Panitan 10.60 - 3.22 1.98 6 1
8. Hanbusao 14.47 3.20 3.84 8 1
9. Jamindan  25.05  5.30 2.94 6
10. Maayon 14.53 2.47 2.87 3 1
11. Pontevedra = 20.64 5,27 ~ 12.29 13
12. Panay 7,36 P 1.66 3.78 25 1
13. Roxas City . 10.97 = 2.39 _ 2.78 23 1
Average - 16.41 . 3.48 3.88 1108 3 11

*0ne of the well in Hambusao leads water from the river directly.
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1. Introduction

The flood damagé study aims at enumerating fﬁé_amdunt of démages _
due to floods in the Panay river basin. The flood damage is estimated
for the planning and economic evaluvation of the flood control prejects

contemplated in this basin-wide study.

The flood damage study is divided iato hydtologicai_anainis'oE
flood characteristics and flood damage analysis. General procedure

of the study is illustrated in a flowchart in Fig. I1r. 1-1.

The hydrological anal&sis of flood chatécteristiCSIis divected
at determining the area, déﬁth and duration of inundations due to
different magnitude of flood, of which results are the bases of the
estimation of damage rates to production and properties in the inundated

area.

The unltimate values worked out in the flood damage analysis are
the average annual flcod damages under with-flood control and under
without-flood cdntrol conditions, from which the bénefits of flood
control projects are derived as the difference between average annual
flood damages under two {2} conditions. %The flood damages are computed
as the damageable values multiplied by damage rates, in principle,

for each property and production.

The amounts of the flooed damage and pfoduction loss are estimated
at June, 1984 cconomic price constant. The amounts in the future
condition take the increase of productivity and property in the flood
prone area into consideration. Despite the fact that the basin still
has compatratively low productivity and .property , some lwprovement is
brought about in proportion to reglonal economic developments in the

future.

In this flood damage study, the direct and indirect benefits are
taken into consideration for flood contr@l benefits. The direct and
indirect benefits accrue from the reduction in flood damage and pro-
duction loss. The flood damage including production loss is estimated

in this study divided into the following six (6) major items of damage.
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(1)
(2)
(3)
(4)
(5)
6)

Crop ﬂamage
Livestock damage
"Building damage

Fishpoﬁd damage

Infrastructure damage

Indirect damage
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2. Hydrological Analysis of Flood Characteristics

.The flood flow analysis aims at identifying‘the inundated area,
depth and duration for different flood magnitudes. The analysis of

the flood characteristics consists of:

(1) flood flow analysis By simulation method;

(2) field survey and study of actually-exhibited fleod

characteristics,

In this study, the former method is principally adopted. Aftevwords,

the results are checked with actually exhibited-flood characteristics.

The identification of flood characteristics is made mesh by mesh
of 100 x 100 © of flood prone area. The inundation conditions in the
flood plain are identified for the fleods with different return

periods such asrl.l, 2, 5,.10, 25, 50 and 100 years.

2.1 TInundation Area and Depth

In the flood flow énélysis, the inundation area aad depth are
decided for different probable floods assuming that the points falling
in a line which make a right angle with the direction of flood flbw
have the same water level as that of the flood way, The points which
have higher water level than the'gfound elevation are regarded as
flooded and the difference in elevation: between the :floced water level

aﬁd7ground elevation is defined as the inundation depth.

The flood water level at fhe point élong the fivér channel is
estimated in the flood flow analysis. Thefinundatiohrdéptﬁ of each
mesﬁ of land is decided'from the water level of the-point along river
channel corresponding to the mesh in the same way as above. = Ground
eievation.is measured from 1/10,000 topographic map prepared from

aerial photographs.

Inundation depth in the floed is estimated mesh by mesh_in the mesh
map hased on the stage hydrogralﬁlcorresponding to the mesh which is
constructed by interpolation using the stage hydrographs caleulated by

the flood flow analysis at the upstream and downstream base points.



e

Inundation area of Clood proue avea is cnmplled uslng 1nundat10n depth
of mesh for each flood m1th different roturn period of occurrence. _
The‘details of the methed are deéscribed in Appendix I, Meteorological

and hydroleogical study.

Anoung the results offthé‘calculation, distribution of inunda-
tion in the flood plain for 5, 25 and 100 year floods is shown in
'Flgures IV. 4-3 1o IV, 1 S5 in Apnendlx IV. The inundation depth shown
in the figures indicates the average maximum depth in.each mesh of

200 n % 500 m occurred during the flood.
From the figures, the followingscan been seen: 9

.(a) In case of smaller flood (5 year flood) deep 1nundations
occur in the area along the middle reaches of the main
river downstream from umalag to the confluence with the
tefbutary Maayon and in the area of vast paddy field located

south of downstream reaches of the tributary of Mambusao.

(b) In case of 25 year flood, the above deep inundation areas
increase their uidth and at the samé time extend to the

. downstréam up t6 the area near Pontevedra.

(c) 1In case of 100 year flood, the above deep fuundation areas

expand further but the expansion is more conspicuous in the

downstream area from confluonce with the tributary Maayon. A

2.2 Iunundation Duration

The inundation duration of each mesh of land is estimated by the
stdge hydrograph cdrrespbnding.to the mesh, . The stage hydrograph is
constructed by interpolation baséed on the stage‘hydrograﬁhs simulated
by the flood flow analysis at upstream and dowﬁstream base points,
In the said interpolation, the actuéllyfexhibited flood flow characteristics

are taken inte account.

Y
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3. Procedure for Estimation of Flood Damage

Flood:damage is estimated for six (6) ﬁajor items as explained
in the foregoing chapter 1. The livestock, infrastfocture and indivect
damages are estimated multlplylng the other damage or the sum of damage
by ratio developed from flood damage records, whlle the crop, building
and f£ishpond damages are calculated multlplying damageable values by

a damage rate.

3.1 Crop.Damage
Crop damages are broken down into the following ¢ategories:
{a) Trrigated paddy damage
(b) Rainfed paddy damage
(c) Vegetable daﬁage

(d) Sugar cane damage

-Crop damage is generally defined as the difference in the net
income of crop production or the difference in net value increased
by crop production, between in with-flood and in without-flood condi-
tions. It is expressed'as follows assuming the production cost

decreases in proportion to the yield decrease rate:

Crop damage = (crop damage rate) x {expected net income +

production cost already”spent when ‘damage occurred)

The procedure taken in the calculation of crop damage is shown

in Figure ITI. 3-1. The formula used here is as follows:

Crop damage = (crop damage rate) x (damageable'value'of cach

categoriesj'x (invndated area data)

The crop damage rate which is dependent on inundated depth and
duration, crop growth stage and flood flow velocity is determined
based on the criterion pfcpared by the Mihiétry_of Construction and
Minfstry of Agficuiture,'Forestry and Fishery in Japan. The Japanese
eriterion hae'perameters for the former three (3) as shown 1n Tables
115, 3-1 and I1%. 3-2.
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The damageéble.valué is assessed with the following parameters:
(a) Croﬁryiéld | | |
7(5) .Pri¢é of preducts
-(e) Production cost
 (&) Land USé:(Piénted‘aréa)
(e) .Séaéonél ffequenty of fléod
 The information on yield and prices of crops.come from BAECON,

NFA, Provincial Statistic, while that on production cost and its
structuré frowm BAEX, NIA, PRILSUCOM and BPI. The annual growth rates

of crop yield are estimated by nation wide trend in Fig.Iil.3-3 as follows:

(a) Paddy ¢ 0.036 kg/ha/year
{b) Vegetable : 0.196 kg/ha/year

{(c) Sugar cane : no change

Prices of products are estimated applying the econromic priceé as
shown In Table ITI. 3-3(1) to III. 3~3(10). The crop preduction costs
with their breakdown for the year 1984, 1989 and 1994 ave estimated
applying the World Bank projection as shown in Table IIT. 3-3(1).
Tables I1T1.3-3{(4) to IIT.3-3(5) also shown economic production cost
per ha of lIrrigated paddy, for an eﬁample. Growth vate of production

costs is assumed to be proportional to the crop increase per unit

area.

The mdnthly'fréquéncy:Of flood Qccurfénces and the cropping

pattern of crops, i.e.,seasonal change in planted area are also taken

into account for the damage estimation. ' The flood frequency for each

month is expressed as thé percent distributioﬁ of the yearly maximum
3-day rainfall over 12 wmonths, which is decided on the basis of rain-

fall record at Roxas for 34 years.

E Based on the above conditions, the damageable value of ¢xop per

i_ha of each crop category for the year 1984, 1989 and 1994 is illustrated

1n Tables I1L, 3-4 to 111. 3-9.
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. The future crop damageable value is estimated taking the.grdwth'
rates of yield, growth rates of crop producliohICOSt_aﬁﬂ prbjeétcd.fufure
crop prices into consideration, all of which are mentioned above.

Table III: 3-10 shows the brojection'of future damageable.value of

Crops.

3.2 Livestock Damage

~The livestock damage is estimated at about 6.5 % of the crop
damage baséd on the flood damage record in the province of Capiz in
1984. |

3.5 Buildiné Damage
The building damage consiSts of the four main items as follows:
(a) Residéntialubuilding démage
(b) ﬁousehold effects.daﬁage
kc) Non-residential building damage

(d) 1inventory stock damage

Each damage is assessed as the sum of the'product of . a damage
rate and an economic damageable value of each asset., The detail steps
taken for estimation of flood damage are iltustrated in Figﬁre 111.
3-2.

The number of buildings by type, i.e., residential and non-
residential, in the flood prone plains is enumerated by mesh on the
topographic maﬁs with the scale of 1:10;000. Table 111, 3-11 shows -
population and the'nﬁmber of buildings by type within the fleod prone

‘areas and within municipalities velated to flood plains.

The criteria of flood damage rate is presented_in Tablie TI1.
3-12. 1t is based on the Japanese criteria prepared by the Ministry
of Construction of Japan in the absénce of the same kind of criteria

in the country,
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 The determination of average damageahle value of residential building
is based, on the Legistered value which is estimated by the Capiz Provin-
cial Assessor Office and the Roxas Gity Assessor Office. The nodels for
sample survey are ehbeen'frdm buildings located in principal flood prone
areas such as Hdnicipalities Cuartevo, Panay and Sigma and the’ﬁarangay

Adlawan, Bago, Locdtugan in Roxas City.

Reeideutial buildings are classified into four (4) types'according
to thedr structural characteristics such as 1) reinforced concréte, 11)
Semiaﬁohcrete,'iII) etrbng'materials and iV) lighf materials. The pnumber
of each type in the areas and the average registered value are shown in
Table I111.3-13. Since.this value was assessed in 1979, the average
registéred value is converted into the 1984 price by applying conversion
ratio, taking the inflation and the depreciation during 1979 to 1984 into
coneideratiOn. Furthermoive the actual market value ratio, the actual
mavket value to the registered one. is 2.2 on the basis of a sample
survey. As a result of calculation, the average actual market.value'
becomes P20,443 as shown in Table I1I.3-14,

The average actual market vatue is derived froﬁ dividing the total
market value by the number of houses. The total value of the following
year is calculated as the sum of a value of newly constructed houses
and a value of exsasting houses. _ New houses are classified into two {(2)
'éategoriee: newly constructed UnltS and re- bu11t units, The number of
.newly'constructed units is derived from dividing the increﬁenfal'popuia—

tion for a year by family size. For instance, in 1985, 2,020 dweiling

units vould be built based on the population projection. PRurthermore 7% of

‘existing units would be reconstructed every year based on_the statistical
data. - So, about 9,300 units are reconstructed in 1985, As a result,
11,820 units of new houses would be'constfueted in 1985. .The construc—
tion cost of a new unitfamOUhEs to average P45,000 in 1984 for all kinds
of strueture. Thercafter the cost is assumed to increase in proportion

to the GRDP per cap1ta growth in Caplz.:

" On the other'hand, although 93% of existing units still lies in
1985, the market value decreases the amount of depreciation during a -

year., The depreciation rate is 7.4% on the average. In other words,
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the market value of B20, 4&3in 1934 decreases to F18, 930 1n 1985. The .
total market value in the following year is derived from the sum of

both total amounts of new houses and EXLsting houses. Finally, the new
average market valueofzmdwe111ng1uut is derived from dividing the total
market'vélue by the number of dWeiling'unirs'in:the following'year. The
average market value Df’ldwelllnglﬂﬁlt in the target year is calculated’
on the b351s of this procedure._ Table 111, 3 15 shows the average

market value of an unit every five (5) years ip the future.

Since any statistical data of household effects are not available,
'semple'survey is carried out in flooding areas of Cuartero,_Panitan and
Sigma Municipalities in February 1984. 1In spite of limited number of
the sample, the average values of household effects of  each municipality
are qnite similar as shown in Table I1I.3-16. The entire average actual

value is B5,190.

The market value of non- -residential bu1ldings 1s estimated by the
same pxocedure as the residential buildings (refer to Tables III 3- 17
and I11,3-18). The average actual market value becomes ?146,226

Beside the value of building structure, the non-residential build-
ings have two (2) other values,.that is, equipment installed in rhem and
inventory stock. Sanple survey fnr non-reésidential bullding is made
within the flood prone areas. Samples are chosen from small scale industries
such as cottage industries, retail stores, etc., because there are no
big industries within the area. In pursuance of the stat1stlcal calcu-
lation of sample survey, average market values of equinﬁent of.commercial
industriat, educationsl medical and religious bulldlngs are ®3,443,
916'188"P29n150 B7,950 and B14,220 respectively. Those of inventory
stock of commercial and industrial build1ngs are #8,067 and B6,463
respectlvely, as shown in Table Y11, .3- 19,

On the basis of the results of sample survey and the aetual_number
of nonfresidential'buildings_in the basin, average market values of
buiiding, equipment and inventory stoek are estimated at B28,125,
P]l,lé? and 4,500 respectively., Using the ratios of eouipment and
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inveriory Stock to building value and actual markel value of non-
residential building of P146,226, actual markel values of ¢quipament and
inventory stock are #58,052 and B23,396 vespectively as shown in Table

I11.3-19.

All market valueé estimuied so far are based on Financial pricos.
Financial prices are éOnvgftod'into economic values by applying a |
standard.cbnversion‘faéfor‘(SCF). SCF of the country'might be 0.90,

. taking reccnt fivel(ﬁ) years' conversion factors inlo consideration.

Furthermére conversioh factor for building construction is 0.82,

By means of these convevsion faclors, econemic damageable values of

reéidéntial bﬁilding, hiousehold effects, ndnfrcsidential building and

inventary stock'afe determined to be P17,000, B5,000, P165,000 and 4
P2},000 respectively, as shown in Table 1[1.3-20. The future economic

value of each asset is derived from using the same growth rate as the

reSidoﬁtiél buildings, which is already described. As shown in Table

IIf;3~21, economic damageable values of residential building, houschold

effééts; n&nQresidential building and inventory stock in 2029 will be

£103,681, D30,497, 11,006,410 and P128,089 respectively.

3.4 qurastructure Damage

" The infrastructure damage in the Panay river basin is estimated
at 35% of the building damage in accordance with the flood démage
‘records of the iyphoon "Undang", November 5, 1984.  The details of the
damage are illustratcd in Appendix XIII, "Additional Survey on Nov. '84

4
Flood". q
3.9 PFishpond Damage
The area of fishpoﬁd damage is enumerated mesh by mesh on land
use maps. The flood damage {o fishponds.consists'df damages to the
fish stock and the facilities.
Fishpond damage estimates are highly.dcpendeht on the culture
species, culturé'éréa for each species, culture systems, pond design
and compbs{tidn,-etc. The main eultire speciés dominated in the basin
are milkfish and prawn. Por these two species, the following considera-
tions are taken for the damage estimates in this Study:
P
%
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(1) Milkfish

Nursery Transition Rearing

JItem . pond pond pond
Pond composition (%). 10. 87
Stocking rate (pes/ha) 2,640 1,320 1,320
Rearing period (month) _ 3 1.5
Value at each éfage (Plpc)‘ _ .18 C1-2 -3
Average production per crop {kg/ha) 330
Harvesting (time/year) _ 3
Crop season : Ist May - October
2nd June - - November
34d August - January
' 4.25

Fish size for market (kg/pc)

(2) Prawn

Nursery Transition Rearing

Ttem pond pand pond
Stocking rate, Fry {pcs/ha) 3,000
Market size (pesfha) 3,400
Rearing period (month) 4
Harvesting (Lime/year) 3
Crop season 1st  June - Septenber
: " 2Ind  October - January
3rd  Februvary - May
Average production per crop (kg/ha) 96
Value (2/pc) Fry 0.38
: Market size 4

Using these data, the damageable values for milkfish and prawn are

estimated at about F9,694/ha/year and £9,580/hafyear respectively. The

details of estimates are shown in Table IIT1.3-23 and TI1.3-24.
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The damage to the fnc111t103 is estzmatod at aboul 20% of the fish

stock damﬂgo reforlxng to the data on flo0d damage recorded in the

Pampanga dolia1c arca from 1979 to 1980. The damage rate is eslimaled

at 80% for m11kf1sh and 30% for plakn in the inundated fishpond avea.

The unit )1eld of ponds in lhe futurve is projected based on the

historical lrends of lhe unit yield is estimated at 12 94 kg/hafyear.

: Thc future damageable value of Tish stock is estimated assuming that

the value incleases in proporvation to the unit yield as shown in Table

III uj“lO:

3.6 Indircet Damage

The indirect damage consisls of the income losses and the emergency

costs. -

The income lesses cover WUZes lost commercial trade lost,

industrial production lost, transportation losses, and losses from

inﬁcrruption of utility services vesulting from the disruption ef normal

ﬁcti\itib% due to flood. The emergencv costs include the cost of

evacuatlon, 1eoccupat10n, flood fighting and disaster relief opelatlons.

The indllect damage can be u%uqllv estimated by multlvalnu a factor to

direcl damages. Accomdlng to a survey conducted by US Corps of Engineers

in New England areas, the following rates were worked out:

In

,Category of Damagce Indirect loss/dirvect loss
Agricultural Damage 0.2
Building Daﬁage 1.5
Righways ' 1.0

a survey report hy‘JICA'in Malaysia, the indirect damage ratio

is from 10% to 77% as shown in table III.3-22., On the other hand,

there is no records in terms of lhe income losses caused by the tyﬁhoon

_"Undang“

study.

Accordlngly, a conservative ralio of 15% is adopted in this
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4., BEstimaicd Flood Damage

4.1 Damégeable Properties

The Panay river basin has d flood plone area of 334 km2 encompaSblng
a city and twelve (12} mun1c1palltles. Therc arc Roxas City and the
mun101pal1t1es of Cuartere, Dao, Dumalag, Dumarao, Jamindan, !1ayon, 
Mambusao, Panay, Pan1tan, Pontevedra, Tapaz and Slgma The predominant
land use of the plain is paddy field, which accounts for 56% of the

flood prone area. The breakdown of the land use is as follows:

Paddy field 56% 18,734 ha
Sugar cane 11% 3,765 ha
Fishpond 4% 1,137 ha
Others 29% 9,754 ha
Total 1004 33,390 ha

- The numbel of buildings subject to floeds in the flood prone plaln
is estimated at about 22,000 for 1984. Of the Lotal number, residential
building covers 20,218 or 92%. The breakdown of bLuilding by types is

shown as follows:

Reinforcéd.concrete ‘ 1.9%
Semi—concreie_ S 6.2%
Strong maferials 5.2
Light materials = - 86.7%

Source: 1980 Census of Population
and Housing, Capiz

The above percentage, howeVer,:is estimated ﬁdt within the flood
prone pl1ln but all over the prov1nce of Capiz. Since the data of build-
ing slructure types within the flood plain prop91 are not avallablc,_thc

above percentage applies in casc of calculation of damageable properties.

. The details of the building structure types are described in

Appendix IX, Socig-cconomy.



4.2 FLoudS
¥loods are the pe;ennlal problems in the basin. Big floods
'oécuxlcd once evc:; 5 to 10 years. The lalest big floads were in
.Novemhel 1984, May 1976 and Noxembea 1973. Tiae damages caused by the
1973's flo0d are estimated at 257 4 million based on 1973 prlces, wh1ch
correspond to 0341 m11110n at the prlce level of 1984 by app1y1n0 prlce
index. - The delails of those damages ave dOSC!]bOd in Appendli 1V, Flood

Control Plan.

The inundated areas ahd the number of buildings are estimaled for

each flood magnitude as follows:

<
4,
Fload Mag_}tude (Return Period)
1.1 2 S 10 25 50 100
Inundated Area (km%) 110 163 213 253 286 313 334
Number of Buildings 5.1 7.7 11.3 14.9 17.% 20.3 22.0
{1,000 units) _
Affected Population 28.7 A2.7 63.5 82.1 97.1112.3 121.3
{1,000 persons) :
The details of the inundated areas and the number of buildings are
shown in Table I11.4-1.
4.3 Estimétcd Flood Damages
The flood damages in the present and future constlons for a given ‘g

f]ood maﬂnltude are calculated using a 100 x 100 m mesh AP The results
are shown in Tables III.4-2(1) to II1,4- 2(10). Based on these tables,
the average annual flood damage in 2029 is about Pl 011l million at 1984
prlces cnnstant, whlch is about 9,7 times blgg01 than that in 1984 of
about PIOS m1111on.

Table III.4-3 shows the average annual flood damage by each river
stretch in the present condition. The river stretches are illustrated
“in Flgure 1v, 5~5 in Appendix 1V, The biggest damage among the river
stretches oceéures in the stretch Pl of the Panay river., It amounts to
P32 million as shown in Table III.4~4(1), whioh accounts for 30% of the
total damage in the basin. In the case 6f the propable flood of 100.years,

LD



its area of about 107 k2 is_éubmerged, which fOrmsAj2% of the total
flood prone area of.j34 km2. Furthermore, more than seven (7)-th0u$and
buildings in the stretch of Pl are inundated, vhich aceounts for 33% of
the total damaged buildings of 22 thousand. Flood damage intensity for
each river stretch in the case 6f IOO—yéér fladd'and 5-year flooé is

illustrated in Rigures IV.5-2 and IV.5-3 in Appendix IV respectively.
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