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WATER SOURCE DEVELOPMENT

Groundwater Sources

Groundwater Availability in the Province

I

@

Major Information and Reéferences

The Groundwater Availability Map was prepared using the following information and

reference (detailed list of reference is presented in Table 7.1.2, Data Report)

_ Admlmstratwe and Topographical Maps of the Province published by NAMRIA with

scales of 1:250,000 and 1:50,000, respectively.

Geological Map of the Philippines published by BMGS with a scale of 1:1,000,000. )
Water Resource Investigatit)n conducted by NWRB, 1986. '

Well Inventory Database prepared by NWRB, LWUA and DPWH

Well Inventory Database in the province.

General information on groundwater condition by DPWH- DEO and PPDO.

Well Log Data by DPWH-DEO and PEO.

Water source information by Water Districts.

Approach and Methodology

The procedure m preparing the Groundwater Avallabrhty Map is explained below wrth

workﬂow deplcted in Flgure 7. 3 1.

1) Prepare a base map w1th an approxrmate scale of 1:450,000 (fit to the A4 map size).

The topographleal map of NAMRIA (1:250,000) was used as a reference map. Basw

information lncludmg rivers and provmclal and munlcipal boundanes are 1ndlcated in

the prepared base map

2) The gfoundwater potential afeas, based on the geology of the province, are delineated

on the base rnap The Recent a'I'ln'vial and/or beach deposits Pliocene-Quatemary

sedlmentary formatron (c]ay, ert sand and gravel) and Pliocene- Quaternary volcamc

. -.rock umts (pyroclastles debns ﬂow and tuf[) are regarded as possrble aqu1fers con-

'srdenng thezr hrgh porosrty and permeabrlrty

i'Boundanes between groundwater development potentra! area and dnfﬁcult area were

' rdeﬁned and dehneated as presented in Flgure 7. 3 1, Mam Report C
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3) Areas with potential high yiclding aquifer in the Water Resources Investigation of

NWRB, are reflected in the defined groundwater poteatial arcas.

Based on the results of electric resistivity survey of the above invesligation, resistivity
valucs from 20 to 210 ohm-meter indicate a potential high yielding formation. Values
less than 10 ohm-meter suggest clayey layer. Figure 7.3.1, Main Report, shows the

boundaries of areas with high and low yielding aquifers.

4} Delincate shallow and deep well areas based on well database of NWRB and DPWH
central office, well inventory of DPWIH-DEQ and rock distribution. Figure 7.3.2 pre-

sents the catcgorization in terms of groundwater utilization.

High Yiclding Arcas

Difficult Areas Solo shallow Well Areas ~ Decp Well Areas
Consists of consolidated and im- Mainly Recent Formation Recent to Pliocene forma-
pervious rocks. with shallow basement rocks. tions with pervious rocks.
Water source: spring Water source: shallow well Waler source: deep weil

_ and shallow well

Figure 7.3.2 Arca Category by Groundwater Utilization

Solo shaltow well areas are defined on the following basis: _
(a) Predominance of serviceable shallow wells and presence of deep wells with water
quality problem and/or low yielding aquifers.

(b) Occurrence of impervious rocks beneath the Recent formation at shallow depth.

5) Based on the information provided by NWRB’s well iﬁvenlory and the data obtained
through the qﬁestionnaires, well specification for each municipality is established as
shown in.the map. These specifications arc used as references in evaluating the
groundwaler availability ih cach locality. Individual w:ctl locations with technical in-

formation are presented in Figure 7.6.1, Data Report.
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(3) Future Updating and Uiilization of the Map
For future updating of the map, the following procedure shall be employed. -
1) Referring to the resulis of any supplementary water sources investigation by various

agencies, re-define the potential area for groundwater development by applying the

aforementioned procedures.

2) Update the provincial database using the questionnaite made for the study to make

necessary revision of the delineated boundaries of groundwater categories.

Spring Sources

The numbers and discharge of developed and untapped springs by municipality are shown in

Table 7.4.1. It is noted in the column of untapped spring that only range of discharge rates is

. shown, due to limited data available. The data are derived from the questionnaires and Table

7.1.1 Water Source Information, Data Report.

Table 7. 4 1 Existing Spring Sources

_ No of Developed Spring Untapped Spring
Municipality/City g NA : | Dau Available . Q: NA [Data Available
- Q<2 lps Q>2 Ips No. Range Ips
Altavas - 3 1 3 0.{ 4 1 05 ~ 3.0
Balete | 1 | 3 o | o | 2 06 ~ 10
Banga - 5 0 0 | 8 01 ~ ' 02
Batan . 4 0 0 0 C . -
Buruanga e | o | 0 14 o | - - -
ajay | 58 0 9 o | 9| 20 ~ 45
Kalibo 0 0 0 o0 | o .
Leo 0 ol o | o] o .
Libacao 49 5 0 ol -~ -
Madalag 4 0 3 0o | o - o~ -
IMakate | 6 2 b e | o -~ )
Malay 6 0 6 0o | 2| 50 ~ 50
Malings 61 6| o ol 3|0~ 15
Nabas i+ . o 21 0 5 S T RO I LR o
| New Washington- -+ 0 - 0 0 0 p0 -~ -
Numancia coo ] 0 0 20 ) ‘ 0 v - T -

Note: ~ Q: NA; number of spnngs wuh no dlscha:ge raté data avallable at present

lps, liter/second, Range; minimum and maximum discharge rates among sprmgs with av al!ab!c data _
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Sutface Water Sources

The major rivers‘in the province were selected fo evaluate their potential as water supply
sources to meet the future water needs of the province. The following criteria were adopted.
for the selection: |
. rivers currently utilized for domestic water supply,
« rivers which have gauging stations and

« rivers with watershed of 100 km? or more.

Based on the above criteria, the selected major rivers are Malay, Ibajay, Tangalan, Aklan and
Hal-o Rivers. Malinao, Kinalanga, Timbaban, Dumalaylay and Dit-ana Rivers are tributaries

of the major rivers as shown in Figur¢ 7.5.1 River Network Map.

The gauging stations in the province are located at Tangalan and Aklan Rivers, which are.
shown in Figure 7.5.1. The runoff records are obtained from the “Philippine Water Re—:‘
sources'Su'mmary Data” prepared by the NWRC in 1980. The information on the gaugmg'_
slations and the present uses (water rights) of the major rivers in the province is summarized _
in Table 7.5.1. '

m Sttrface Water Utilization/Water Rights

As seen in Table 7.5.1, the present water uses in the watershed of the major rivers total to ‘:.
17.6 m*/sec. The diversions for major flume, which are operated by NIA, are located at}-
. Ibajéy, the Tbajay River; and at Banga, the Aklan River, respectively. Mining sites are;_j
located in the mountainous area. Most of them are located in Nabas and Tangalan as’

shown in the Figure 7.5.1,

(2) River Flow Analysis _
" The flow duration curves, denved from the available runoff records, are shown in Flgure
2.5.2. The river ﬂow maintenance ﬂow diversion flow and return flow are usually used
to estimate the exploitable surface water potential. In this study, the river flow was con-
sidered as the flow potential for domestic use and the diversion flow value was treated as :
the"'eqli‘it'alettt to the discharge of water rights registration in surface water use. No de- '

" tailed study on the retum flow has been performed yet due to the difficulties in 1nvest|- :

* gating the 1rngat10n evapotranspiratlon and recharge value to groundwater, etc. within

;- the.entire watersheds in the province. Therefore, the return flow was not considered for

B the estlmahoﬁ of explmtable potentlal
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Specific Duscharge (m3/sec/100km2)

Percent Specific Discharge (cumsec/100sq.km)
of Time (%) Tangalan : Aklan
{No. in Figure 2.5.1) 1 : 2 )
10% 16.54 C 2498
20% 9.05 1837
30% 5.95 . _ 15.95
40% 4.26 - 1342
50% 3.7 L 11.77
| 60% 279 : 10.21
0% 1.97 _ 8.57
80% 1.23 ' S 102
B 90% 0.76 : - SO8|1
100% R % 7 ' 1L
Data Period 195870 1950-'70

Source; Philippine Water Resources Summary Data, as of Jan. 1980 by NWRC
Interim Report, Master Plan Study on Water Resources Management asof Oct. 1997 by NWRB :

35 _ _

,,, e ;;;wf;g;ia; B
~O- Aklan
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3

It is generally accepted that to secure the required volume for water supply, each watcr
use- sector adopts the different return periods. Usually, the dependability of domestic
water supply is taken to be 90% or higher (10-year or longer return-period) of the whole
hydrological period. ‘

In determining the river maintenance flow, such factors as ranoff’ characteristics, naviga-
tion, fishing, picturesque scenery, salt water intrusion, clogging of river mouth, riparian
structures, groundwater table, flora and fauna, and river water quality shall be considered
to maintain the normal function of the river. In the Philippines, 10% of the dependable
flow of the river is required' as minimum maintenance flow. Therefore, the maintenance
ﬂmf.r was calculated as the dep’endable fow for irrigation, which equals to 80% (5-year

return-period) of the whole hydrological period.

Finally, the exploitable potential of surface water in the province was studied in the case

~ of inflow to and outflow from the respeetwe municipalities. The results are summanzed

in Table 7. 5.2,

Surface Water Qﬁality

Mmmg sites are loeatcd in upstream area of the Tangalan River and in watershed of

: Molada River al eastern neighboring of Malay River, locations of which are shown in

Figure 7.5.1. Major rmnmg product is silica (silica mmerals $i0, and 8i0, for silica

glass) and it is necessary 10 use hydrogen ﬂuonde for the processing of silica glass.

o However their actwmes are mlnlmal and these operations cause no discharge of harmful

mite. waste to the nvers according to the heanng information obfained from the Re-

s glonal DENR and the PEO’s officials.

‘ The results of v.fater-qualit)r analysis arc summarized in Table 7.5.1, Data chOrt The

'samplmg Iocatlons werée selected upstream of the respective mun1e1pal1ues In the said

,_'table, Class AN and Class A of the DENR “Water Quality Criteria for Fresh Water” are

: -shown as reference for r raw water evaluatton The PNSDW 1994 i is also used to evaluale :

" ."water quahty w1th reference 1o turbldlty and trace elements The water quahty of the se-

g lected nvers falls on the Class AA" standard although the parameters tested are limited.

‘ J:_ "Acmrdmg to the nver water elasmﬁeatlon conducted by the Regtonal DENR Aklan
-RlVCI' from Banga to shorelme is class;ﬁed as the Class “AB” whlle the remammg span

L 'of Aklan River and other all rivers are regarded as the Class AA”

.

7.9
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1.6

Future Development Potential of Water Sources

(1) Groundwater .
A well inventory covering all the 'municipalilies shows that there are 15,377 existing wells in
the province, while 297 wells are recorded in the inventory prepared by PSPT (See Table
7.1.1 and 7.3.1, Data Report). Despite the smaller number of wells included in the PSPT data,
these were used in the analysis in provision of technical information. Of the total 297 wells,
283 wells have complete information: depth, static water level and specific capacity. Data are
summarized in Table 7.6.1 Existing Well Sources. ' "
Table 7.6.1 Existing Well Sources
Municipality/ Type | No Depth (m) _ SWL (mbgs) Sp. Cap. (Ipsm)
City " | Ave Range Ave Range | Ave Range
DW 21 265 20.0 < 330 150150 - 150]020)020 - 0.20
Altavas : I : C
) SW 1| 104} 60 - 1890 0| 40 - 13.0(020;020 - 0.20
DW - . i
Baleie ' ' : ' ' ,
SW 6| 1.1} 91 -. 120 N S -10291020 - 075
DW 0 . , ] )

Banga : S : o i .

SwW 30 60 50 - 7._3 30 30 - 30(022{020 - 0.72

Bat bw 2( 2003§200 - 200 10¢ 1.0 - 101020020 - 0.20

SwW 18 861 55 - 150 137 1.0 - 501020020 - 0.20
oW 3 I ) : T
Buruanga : , L L _ S _ R
) S T SW 13 8.1i 30 - 150 4.1 1.5 - 14.0]0204020 - 0.20

R .7 :' Dw= 0 . -. . ] : X ’ _

Ibajay , o . N '
e SW © 29 914 54>« - 183} 30}°t2 -7 -881.17]020 - 2824
{DW {0 3 R -

Katibo _ o ‘ _

sw 16 641 60 - 9.0 41) 3.0 -250]10207020 - 020

. DW 0 ' - - ]

Lezo B o . . % .
Sw. | 12| . 88 30:-:120[ .69]:25 - 100(020]020 - 020
L DW. VY NPT PRI T I C SO RPN ERPRR

Libacao R A R A A _ - '

o isw. f 6| 115].67 - 180|361 25 - 54[020]020 .- 020

: IDw | 5| 3541200 - 56.1|.180[180 : .180]012]006 - 022

Madalag® =+ o o e TS TS AR R T i s
A fsw-| 19| 109] 61 - 183| 99| 49 - 165(0091006 - 017

Makato:. ¢t oo | AT ER s BN Nt irtH EIE PR EMEREILE NS L D e R ! RE

o [SW | 18| 831 .40 - 80| 36] 20 - 60]02 -

. . JD\‘V"” ,,.«‘_;(}:; e_'; ‘ ‘ ’ e ,- EREEN ‘.- PP 2 L - . | . i .‘ . - )

SW 15 60! 60 - 60 491 30 - 50020020 - 020




Table 7.6.1 Existing Well Sources |

{cont’d)
icinality Depth {m SWI. (mb
Mungir:):rhlﬂ Type | No. | pth {m) (mbgs)  Sp.Cap. (Ipsm)
) Ave Range Ave ~ Range Aver ~ Range
_ DW 1} 2001200 - 200} 100:100 - 100]|0201020 - 020
Matinao . : T - ' :
_SW AI!E 7!25 55 - 180 561 30 - 120710201020 - 020
DW 0 e ' . ]
Navas _ _ . _
i B _SW_ 18y 1277100 - 160} 103 80 - 12.0 020 020 - 020
. DW 4] 200:200 - 200} 110|100 - 1’2.0 0.20 0.20 - 020
New Washington : _ - :
Sw 121 17.2% 40 - 90 1.0 10 - L2 020 0.20 - 020
DWW 0 - - -
Numancia ‘
SW 17 65| 52 - 91 491 30 - 60[024!1020 - 090
. DW 6 2081200 - 25.0 1331100 - {5.0(0201020 - 020
Tangalan . a S _
' Sw 91 150|150 - 150} 100100 - 100}0491020 -, 278

Notes; ~ The values of “Ave. depth, SWL and Sp.Cap.” by municipality ar¢ estimated using the uerghted average based on

1995 census population in respective barangays at well location.
SWL “static wi ater level, Sp.Cap.=specific capacity, Ave.= avcrage, SW—sha![ow well, DW“deep weli

Considering the well information, the most productive wells are those with the depth ranging
from 5m to 15m and from 30m to 56m. The good yielding wells have static water level
varying from about 3m to 6mbgs and specific capacity of about 3 Ipsm to9 lpsm.

Baée& on the hydrogeologic characteristics and lbcatioh df wells in Akla__n,‘ aquifers are wi'delyr_
distributed along Aklan and Ibajay Rivers that originate- from ﬁﬁe WCstcrr\ Cordillera and flow
to Sibuyan Sea. Solo shallow well areas are distributed only in the northwéstem coasral'aréar'
in Malay facing Tablas Strait and in the inland basin along Aklan River of Madalag. - The
Miocene and older rock units are widely distributed in the southwestern part of the prOv'in'r:.e
and in the mountainside of Buruanga Peninsula that ar¢ classified as difficult area. fo_r

groundwaler development.

As indicated in Figure 7.3.1 Main Report, the fluvial {erraces along Aklan and Ibajéjr Rivers
are high yielding potential arcas covering the northeast coastal part of the .p'rovince,_ Water:
levels in unconfined aquifers are shallow in these areas, ’while‘t'hc static ‘water levels of con-
fined aquifers in the terrace formation have various ranges from 1.0 mbgs to 20. ¢ mbgs or
deeper probably dependmg on thc drstancc from the river mt)uth On thc ‘other hand, the low-.
hill areas ]ust behmd of the COastal plam and surroundmgs of the fluvral terraces fall on lowi '
yreldmg areas, because such areas are made up of conglomerate calcarcous rnudstone to srlt-;'

stone and shale limestone.




In the low-hill areas of Lezo, Banga, Balete and Altavas, existence of high iron contents in
groundwater is confirmed. Saline water intrusion is reported along the northeastern coast in-
~ cluding Boracay Island. Especially in the municipalitics of New Washington and Batan,
where extensive swampland is distributed, saline water intrusion including brackish water
with high color can be found even at shallow wells. According to the water quality examina-
tion results, groundwaler in the municipality of Batan shows slighily low pH value (acidic

groundwater) ranging from 6.4 to 6.8.

. As an alternative water source, the untapped spring can be developed for future use. This is
. the most reliable source for rural water supply in the province becausc groundwater quality
" has a serious problem in terms of ironic groundwater and saline water infrusion. Exisling
spring sources (250 springs) are utilized for water supply and most of them originate from the
. Cordillera and Buruénga Peninsula in the southwestern and western parts of the province.

B The untapped springs (42 springs) are proposed as future water sources in the subjcct areas.
The detailed hydrogeological characteristics of each municipality are summarized in Table
7.6.2,-while individual well locations with technical information are shown in Figure 7.6.1 In-

- dividual Well Location and_S_peciﬁeatio'n Map, Data Report.

o Additional lvelis shall be designed enrploying “gravel packed well” with a gravel thickness of

- . about 50mm or more depending on the grain sizes of aquifers and puniping capacity, While,

" natural gravel oacked well may be adopted within the areas where well-sorted natural gravel
formation is distributed at the expected aquifer. Such areas are usually the upstrearﬁ areas of
B alluvnal fans or plains in the provmce The application of such method for Level-1 well is also

' Justiﬁable smce lﬂﬂOW velocrty of groundwater through the screen is very low becausc of

-7 minimal pumping fate by means of hand-pump operation.

Generally, shallower well has a hlgher possrbrhty to be constructed applymg t‘ne natural

L gra\ el paeked method than the deeper one in areas formed by recent depossts This i 1s because

- : the layers at drfferent depths of alluvial plain or fan deposrts had been formed by different

srtuatrons of transportatlon and sedlmentahon betWeen varied grain sizes. The adaptabrhty of

o the natural gravel packed well 1s expenmentally assumed refernng to the limited mformatron

2 i such as topography, geology, static water levels ele., as shown in Table 7.6. 3.
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Table 7.6.3 Proportion of Gravel Packed and Natural Gravel Packed Wells

I\tunlcipality Proposed Proportmn (%) of Ler el I Deep Wells
(nlypotentiatarea)  \Well Depth Gravel Packed Natural Gravel Packed
Banga 40m 9% _ 10%
}oajex 7 o 40 m ) 80 % h o 20%
Lezo 40m 0% | 0%
Mada;ag e b 90 o - B 10%
Matiunao 40 m ' 90 %— - 10 % N

Examination on the eft‘e_etive grain sizes and unit‘on'ni'tj.r coefticient by sieve analysis at the in-
fluential aquifers (composed of coarse sand and/or fine gra’i'el) should be conducted during
the implementation period. Such analysis and actual well construction results are very helpful

in application of the natural gravel packed method in future planning.

In the municipalities of Banga, Balcte, Altavas and Batan, it is reported by DPWH/DEO that
numercus deep wells p__resent_ hig_h Fe contents (PNSDW; Fe<1.0ppm). The results of
groundwater quality examination, conducted by the PSPT, show their characteristics with
slightly higher Fe and acitlic water. [roni¢c waler pumped from-deep wells isjoaused by
groundwater itself, well materials eluded in acid water, or combination of groundwéter and

well materials. There are four cases on water quality problem in terms of Fe and pH value as

- shown below.

(1) Iron concentration is less than the PNSDW. (1 ppm) and the pH value of groundwater in-

. dicates neutral or alkaline. There isa I_ow possibility. of iron contamination through the

future,

(2) Although iron concentration is within the PNSDW, groundwater shows an acid pH value.

Thereisa possibility of iron contamination from steel materials.
(3) Iron concentratron exceeds the PNSDW and the groundwater shows neutra] or a!kahne
- There is ifon contammatron caused by groundwater 1tse!f \ :
(4) “Iron eoncentratron exceeds the PNSDW and groundwater ShOWS acid pH s:de lhere isa

, possrbrhty of rron contammatron caused by groundwater and/or well materlals

‘Where 'grt!undwater'has' high Fe contents ‘the Iron Remova} Facility shatl be additionally in-
' stalled Such eountermeasures are reeommended eSpeclally for the munrcrpahtles of' Numan- |

el Makato, Lezo, Vlalmao Banga Balete Altavas and Batan. - The fatio. of deep walls

eqmpped with Iron Removal Paclllty to the total requlrements of the provmce is assumed at
about30% o = ‘ :

7-15
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Where the parameter of groundwater indicates acid pH side, the well casing pipe and screen
shall be designed to use anti-corrosive materials, such as anti-mqtallip (polyvinyl chloride;
PVC) 6r anli-corrosivc metal (stainless stecl; SUS) materials. Generally, shallower well pres-
ents water quality with alkalinity parameter. This is because the shallow wells are usually
constructed in alluvial plain or fan deposits, The well materials of the said anti-corrosive
shall be used for deep wells. The development of deep wells using anti—corro.srivs;.: materials in
the province is experimentally assumed referring to the limited information Such as results of

water quality examination, geology, efc., as shown in Table 7.6.4.

Water quality examination on Fe and pH parameters should be conducted during the imple-

mentation period. Such groundwater quality analysis is very helpful to design well materials

in future plannihg.

Table 7.6.4 Proportion of Wells to be Constructed by Different Materials

" Municipality Proposed Proportion (%) of Level-I Deep Wells
{only potentialarea)  |Well Depth | . Casing Pipes ~ |+ PVC Casing Pipes
Altavas - om | 60% ] 40%
Batan 40m |- 0% b T 100%
Spring

Untapped spring sources identified are shown in Table 7.6.5. These data were cOllet_':led and

tabulated using the. questionnaire sheet-untapped “spring- information format, Data Report.

‘Data also include the parameters of barangay name, owner, discharg’e, transmission pipeline

length and relative elevation.

Table 7.6.5 Untapped Spring Sources Identified -

Location B Untapped Siring — .
Municipality/City Barangsy (.)wher‘ I?is(c;ll;:)rge. ; T(Il:nl;)* Rel’ﬁ"‘;ﬁ;“““““ :
Altavas Catmon UK 30 NA o NA

luo | UK 10 | 08 | NA
Manup UK 10 30 NA
Balete - |Arcangel | private |06 |25 oo ~ NA
. Morales - [ Prvate | L0 [ 23 bl NAL
Banga . _ - . |Badiangan - e UKy o 0.1 -:] . NA: TR NA '
Cupang UK 02 | - NA ' NA




Table 7.6.5 Untapped Spring Sources Identified _

{cont’d)
. Location i . Untapped Spring
Municipality/City Baranga)’_ Ow.ner Dis(t[:g:)rge T(:“nl;)* Re]aiivt(a rﬁl}levation
Banga Mangan UK 0.2 NA NA
Polo UK | 01 | NaA T NA
Polocate T UK 0.2 NA o ]\—IAA
Sibalew UK | 02 NA NA
Sigcay UK 02 NA 7 N—A
|Tomalba UK 0.1 NA NA
Buruanga 7 Aleg_ria__ _ UK NA 0.5 NA
. |Bagongbayan - UK NA 1.5 NA B
* |Balusbos UK NA 0.5 NA
Bel -is UK NA 1.0 NA
Cabugan B UK NXLM L5 o NA
El Progreso UK NA 3.0 NA
Habana UK NA 1.0 NA
Kahpunan B UK NA 1.5 : NA
:[Mayapay - . .. UK " NA BT ) NA
Nazareth UK NA LS NA
Panilongan UK NA | 20 CoNA
Sanlander UK NA L5 NA
- |Tag-osip UK NA LS T NA
Tigum UK NA 1.0 NA
Tbajay Aparicio UK 3.0 3.5 NA
Cabugao UK 45 1.2 O NA ]
Malindog uk | 35 | a1t |- NA
Mina-a . » UK. 40 ] 25 NA
Monlaque UK 3.0 20 N NA B
Rivera e - UK:. 45 28 NA
 {Sanlose . CUK | 20, | s NA
TulQar_lg- UK 30 NA P{é ‘
. Yawan . UK 15 | 35 NA
o Malay . Dumlog" UK 50 05 _ NA ) B
e e ion VK| se ] e “NA
: Méliﬁaé"- e Daﬁgfcalgn_;‘_f_-fi—-'-- UK 1510 s b T NA J
Sl 2 Rosano s .'-:‘_UK: te ] 08 CE “NA -
- 7.:|San Rogue - UK e | NA.

Notes T L L Transmmwn lme length NA; Data not available and UK; Unknown Data
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Water Source Development for Medium-Term Development Plan

Detaited Groundwater Investigation Required

(1) Water quality examination réquired in the hills and Burual-l.ga Peninsula

~ The province encountered groundwater quality problems such as ironic, salinity, acidic,

etc., while spring sources may have hi'gh mineral contents due to geologic condition in its

watersheds,

Water quality examination was conducted by the PSPT for this PWA4SP using instru-

ments procured by JICA. However, water q’uali.ty parameters are limited and numbers of

- water samples are not sufficient for future project implemieritation.  Additional water

quality examination shall be conducted before and during the implementation periods.

Required examination includes following pairameters.

1) Well Source
a) Sludy Area _
Seven (7) munic.ipaﬁties to cover Malay, Makato, Numancia, Banga, Balete, Al-
tavas and Batan. ’ :
b) Exammatlon Parametets
Deep Well; Fe, Mn, Cl pH Color 'I‘urbldlly
Shallow Wc]l Fo, Mn Cl, pH Color Turb:dlty, Bactena and Cohform

2) Spring Source. .

a) Study Area e
Four (4) municipalities to cover Ma!ay, Banga, Balete and Altavas
b) Examination Parametérs -
Developed Spring; Fe, Mn, Cl, pH; Color, Turbidity _
Untapped Sprmg, : l*e Mn CI pH Color Turbldlty, Bactcna and Collform

2) Prospectmg & Test Woll requm:d in the mangrovc coast: _ Co
There are. numefous shallow Wells in the mummpahty of New Washmglon Most 'of
- shallow wells cxtract groundwater through shallow well from alluvnal doposnts with the
depth of less than 10m. Major aquifers in this area |s madc up of cstuarme and dclta dc-: :

- posits of Ru:cnt time. Sahmty and/or bracklsh groundwatcr are. f‘ound in most of thtsf

area.

Groundwater quality probiems are very serious, _altho_ugh'somé wells have potable water. -



In this connection, it is requircd for Level-I water supply to study on the distributive
condition of potential aquifers available prior to the site selection and well designing.

This groundwater investigation shall involve:

1) Groundwater Database
a) Study Area
Municipality of New Washington
b} Database Parameters
well log (geology and physical ldgging), well structures (depth, diameter and
screen positions), water level, operational condition (expected production with
operation tifne), water quality, completion year, present ulilization (service level),

type of pump facility, ownership, ete.. -

2) Physical Prospecting

a) Field
same area in item 1)

b) Method
Type of Prospecting; electric resistivity

‘ Alignment; Schiumberger or Wenner
. Sounding depth; 70m ..

. Squndfng points; 100 points

¢) Study : A
Hydrogeologic section with information of quality and permeability shall be de-
scribed for the test well construction.

3) Test Deep Wells.

_.a) Construction Site - , o ‘ .
Sites shall be pomted ouf after the study on groundwater database and geologlc
survey.

;- b) Specification of Test Deep Well:. -, -
- Number; al least4 test wells - . SRS
- Well destgn, well depth of 30m to 50m (expected target aquers) with well di-
ameter of IOOmm and well screen (SUS) length of 10m
_ _ c) Installed Tests
' ;1; : S ' Geophyswal Loggmg, Resnstmty (short & long) and Spontaneous Potentlal
*- Pumping Test; Tlme draw down by maximum dtscharge of 20 Ipm Wlth 4 hours '

or more and Recovcry test .



1.1.2

. Water Quality Examination; to include Fe, Mn, Ci, pH, Color, Turbidity, Bacteria,
Coliform, ete. '

If aquifers with polable groundwater can not be found through the above investigation,
the improved rainwater collector facility shall be promoted with due consideration on

roof materials, reservoir with sand filiration and chlorination system.

Spacing Allocation for Level IT and 11T Wells

The pumping rates required for Leve! 1 facilities are fairly lower than that for Level 11 and 11

. systems. The well interference in Level 1 facilitics need not to be studied in terms of spacing

of wells and production rate, since most formations in shallow and déep well arcas generally
have enough groundwater development potential. As Level Il and IIT wells are usually ex-
pected to produce larger discharge to meet the water demand, the spacing of wells to avoid
well interference has to be considercd. Spacing allocation for Level 11 and 11T wells was ex-
amined considering specific capacity, pumping rate, and assumed drawdown of lcm at the

interference radius for a pumping duration of 16 hours.

(1) Specific Capacity
According to the existing well source information, specific capacity was considered with
ranges from 0.5 Ipsm to 6.5 Ipsm. To simplify the calculation, an average value in each

range is adopted in the calculation of interference radius.

(2) Pumping Rate
The pumping rate was estimated by assuming a drawdown of 10m with the average
value of specific capacity and pump operation of 16 hours/day. The formula used to de-
termine proper well spacing is the Jacob modified equation. ‘Drawdown at the interfer-

~ence boundary is assumed at 1cm afier a pumping duration of 16 hours.

Table 7.7.1 presents the estimated spacing requirements and number of wells to be con-

structed within 2 well field of one km’. The spacing interval betwé'eh adjécent wéHs_ to avoid

- well interference is planned to be more than twice the distances of the calculated interference

radius.

"7-20
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Table 7.7.1 Spacing Arrangements for Planned Wells

Range of Estimated Estimated .
Specific Capacity Pumping Rate Interference Radius Estimated \
3 Number of Wells/km
{Ipsm) (m'/day) (m)

05-1.5 500 20 45

1.5-3.0 1,000 120 20

3.0-45 2,000 160 11

45-6.0 2,500 200 7

>6.0 >2,500 >200 >7
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Table 8.2.2 Population Coverage in Phase 1 Provided by Served Population in the Base Year (Water Supply)

8.3

- Name of Avea Fopulation $er\'ed by 1998 Facilities |99$ 2005
Municipality , _ _ Total Coverage Total Corverage
_ Lesel ] Leveldl | Levell | Total | %y | Population %)
B Urban 200 25 1,480 1,705 2829 6D 3,017 57
Altavas Rural ‘ 756] 8464 9214 19,311 48 20,593 45
‘ ' [Total 200 775 9944 10919 22,140 49 23,610 6
Urban 75 852] - 977 1,727 54 1,744 sy |
Balete [Rural 375 1,666 1,44 18,392 3 18,579 8
Total aso]  1.o8] 2368 20,119 12 "10313 12
Urban 2004]  2044] 2385 95 | 23100 88
{B3anga Rural 1,850] . 14,159] 16,009 28914 55 10,986 52
Total . 1,850 - 16,203 18,053 31,069 58 33,206 54
Urban 1,225 - 5 1,230 1,569 78 1,632 75
1Batan Rural 510 25| 8059 8,794 25,377 35 26,400 33
Total 1,735 225 8064 10024 26,946 37 28,032 36
~|Urban o0l 836 786 1,181 61 1,184 66
Burvanga Rural 2725 453 147 11,535 65 11,563 65
: |Total 2975|5289 3264 12,716 65 12,747 65
_ : Urban 1. 2047 2,147 2,138 78 2,804 71
“fibajay Rural, 8,108 1,200] 159568 25264 33,926 74 34,745 73
Total | 8,108 1,200] 18,103} 77411 36,664 75 37549 73
: _ Urban | 30,205 18,614] © 48819 62,774 8 74,782 65
. {Kalibo (Capital) Rural : Co-
L L Total 30,205 - 18614] 48819 62,774 78 74,782 65
Urban | 1,205 351] 1,646 1,969 84 229 72
Lezo Rural- . 829 . 5,576 6,405 10,393 62 12,131 53
Toal | @ 2,124 5927 8051 12,362] 65 14,428 56
_ Uban | - , 2231 0 22310 2308 79 3069 3
Libacas =~ - Rumal | . 2,695 1,150 ~10213]  14058] 20959 67 22,906 61
S Total 2,695 1,150]  12,443] 16289 23,767 69 25,975 63
T Urban " 696 100] T 223] 10m eS| 62 180 54
" Madalag Rural. ' 600] 2828 3428 16027 N 18311 19
_ : Total 7696 T00] - 30s5] 4451 17,639 5 20,204 22
ey Urban[. . 1,506 . 800] - 2,306 2,928 79 3,529 65|
IMakate fRrurat T 612l 2475 10,139] 13226 10,926 63 25,221 52-
: : NTewr -1 2118 -2.475] " 10939] - 15332 23,354 65 28,750 54
- Uban | |7 - 2933 29033 6,484 45 10049] - 20
Malay Ruml |- - 2400 5,967 8,367 17,000 49 - 26,348 32
: Total .| - 24000 8900]  11300] 23434 48 36,397 3
: R Uban |~ 1.500] . 44 54 - 1,544 100 1,692 91
fIMalinao Rural |- 684 825] 12,0171 7 13,526 20,893 65 22,397 59
I froal | 2,084) . g2s] 12061 - 15070) . 22,437 67 24,589 61
N Hoan | [ T T3] 2| 3899 60 4,134 56
[Nabas Rural- | 3500f - 8934] 128M] 18098 7 19,184 67
e - [Total _3900] - 11.265] © 15,165 21,997 69 233181 65
T e [Uban 4359 4759 5,139 93 [
New Washington - [Rural. | 24548 24549 T28002]  s8 30,409 51
e [Towal e 1+ 20,308] 29,308 33,141 88 15,990 81
R PRI Urban | .. 780 Ty g9 T 2608 T 3548 37200 70
- INumanicia” Rural | 6,381 1,816 ~ 18,197 20910] &7 24,656 74 |
: ' Tol | :. 7,161 13,645] 7 20806] - 24,064 86 28,376 73
T Urban | - : 1,658] - 1658 . 2,834 59 3,221 51
Tangalan: [Rural | - 1,225] 72990 . 8524 14,3017 60 16254 52
L ColTom i ] 1225 - 8957 10182 17,135 - 59 19475 52
e JUman | 37407] 0 450] . 42,841} 30,698] . 107,389] - 75 126,058 64
Provincial Total. [Rural | 19,819 19,700 151,795] 191,314] - 324969 = 59 361,183 53
co U {Toml | 57,226] - 20,150]_194.636]  272,012] 432,358 63 437,841 56 |
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Table 8.1.5 Number of Public Uritities with Sanitary Toilets ia the Base Year {1998)

No. of PUwnith
. - . i
. , 0. of puwinn] e oTPUWIRL ey | No. of PU mitn ] 0 OF PU with
Naeme of No.of PU with oo ToHets fn e Sanitary -
Munkepatis Tape Toiters 1a 1998 Sanitary Planced Oo- Tedelsin | Toikets in Base Toitas I Base Converage {34}
' - Toilets Ia 1998 Flaaned.On- | Year 1978
going Project S aeaarivos
goleg Profects -
Fublic Market 4 4 4 4 00 |
Bug/feepncy Terminal
Aras ParksPlaygreund
Totat 4 4 4 4 120
Public Markat ? | . - N | N L
Hus/Jeepney Tenninal
JBale -1
alete Park s Playground
Total 2 2 2 2 100
Public Masdet 4 4 4 100
- |Bugleepney Tenning) |
Banga Parks'Playgrouad ]
Total .4 4 4 4 100
Public Market 2 2 — b b o
Aatan Bus/Jeepney Teominal 2 2 : 2 2 G0
ParksTlaypround 2 2 I 2 100
Total [ & & 3 100
Public Market 2 2 2 2 100
BysiJeepney Terminal - " .
Bursangd ParksPiaypround :
Tolal 2 2 H 2 100
Public Market 2 2 3 2 100
Ibsjay N Bus/Jeepaey Terminal ] 2 2 2 100
|Parks Playyround _ .
Total 4 3 . 4 4 10
Peblic Market 9 9 $ g 100
A e Bus/Jeepney Teaninal & [ 6 . 5. 100
1 ! X
Ka "bo{._('ap.!a ) Paik s Playgroend 5 5 -5 5 100
Toetal py 20 0 20 100
Public Market 2 2 2 2 e
Lz Bus/eepney Termninal 2 1 2 2 100
Parks Playground . | - -
Total 4 4 4 4 100
Pubbic Market -2 2 ~ - 1 100
. Bus/lecpnéy Terminat
Lib —
i ParksPlaygroond .-
Total ) 3 2 2 2 100
Fublie Market 2 2 2 2 1%
Bus'ieepncy Ferminal 2 2 2 1 T
A% 2
tads % Parks'Pizyground . : :
Total = 4 4 4 4 100
Public Market 2 2 2 2 L0
Makata Bus'teepney Terminal : R
. Parks'Plaveround .
Total : 2 2 F] 2 160
Public Macket 4 2 4 2 50
BusJeepaey Terminal S .
Mak
fafay Parks Playgrovnd 2 2 2 2 100
Total & 4 ] 4 61
Public Markel ' 2 2 ¥ I L0¢
- Bus/Jecpney Terminal i :
Mk
fakinao Parks Playground .
Tout 3 2 . 3 3 100
Public Market 3 ] 3 ] 100
. : Busg/Jeepney Terminal : i
Nab,
2bas Parks Playground
Total ] 8 [ LN 100
Public Market 4 4 4 4 10)
L Wrchino Busideepney Terminal 3 2 2 2 100
New Washington Parks Playyround . -
Tetal 6 (] ] 6 it0
Public Market 2 2 2 ] 100
s i Bus!Jeepney Terminal - 4 4 4 4 154]
N g =
umancia Farks'Playpeound : -
Taota & [ & LB 124
Public Markel 4 4 .4 [) 100
- Bus/leepney Terminat - L
Tangal
Angzlan Pask s Playyround
Total - 4 - 4 4 4 100
. Public Market 57 . . 5% 57. 33 96
ey Torar (BUsJeepney Terminal 20 ] 0 -0 £00
Provlecla) Tolal G o plajarou "y 9 7 F) 160 |
) Towl . 85 - &4 B 86 84 93
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83 Projection of Frame Values

8.3.1 Review of Past Population Development and Population Projection

The future population of the region and the province has been recently projected by the NSO.
However, the NSO does not prepare municipal population. With regard to this, the municipal
population for the years 1998 (ﬁlannihg Base year), 2005 (mediuh}-tenn target year) and 2010
(long-term target year) \i.;as projected in this study. Available information for the study at
present is as follows: _ |

« NSO population census results from 1980 to 1995

< 1995 Cénsus-based Regional and Provincial Population Projection prepared by the NSO
« Provingial Physicél Framework PI.anlCompr_ehensive Provincial_[,and Use Plan {1993-

2003) prepared by the Provincial Office (hercafter referred to as “the Land Use Plan™)
(1) 1995 Census-Based Regional and Provincial Populali(m Projections: NSO

| -The NSO conducted tegional and provincial projections for the pe.riod_ 1995-2020. The
assumptions take intb accbunt future trends in the demographic procésses of fertility,
‘ mortahty and migration reqmred by the cohort-component method for projecting populauon

The 1995 Population Census was used as the basis for the pro_;ectlon _

" In the regional population projéction, the subject reglon for this study, Regmn Vlis classﬂied
as the medium-mzed region (at least S million but less than 10 mllllon by year 2000) The
followmg are the result of projection for the reg:on and the province of Aklan in 2000, 2005
and 2010, | |

"Table 8.3.1 Regional and Pronnclal Populatlon Projection b_v NSO

_ Year 1980 1990 - 1995 2000 | 2005 | 2010

Region vi | ToPulation | 4,525615] 5,393,333 | 5,756,623 -6,328{671 6,390,447 | 7,428,329
7 | Growin Rate - A% 1% 9% | 1w 1.51%
Koy | Population | 324,563 380,497 | - 408949 | 447974 | 482839 | 528,072
L ‘Growth Rate E _Le0%] tasw] 1se%|  1m%|  1.60%

Note: Average annual growth rates: geometric growth rate :
Population ofthe provmcc in 1995 as of September 1,1995 was 410, 539 (IS'95 (‘ensus)

‘In the past devclopment annual grov.th rates of the region between 1990 and 1995 -
'._decreased compared with thOSe of previous census penod leewnse the growth rates
'for the province shghtly decreased within census penod (1980 1995) For the
. : pro;ectlon houfevcr, the NSO adopted the almost sarne growth rates for the reglon and
- :‘pmvmcc c0n51dcr1ng prevmus development (up to 1990) of lhe regional p0pu]at10n '
..Thus the growth rates of the region with 5- year ‘interval betv.cen 1995 and 2010 are |
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assumed at 1.91%, 1.72% and 1.51%, respecively. Likewise, those of the province are
assumed at 1.84%, 1.71% and 1.60%.

(2) The Land Use Plan: Province of Aklan (Planning period 1993-2002)

The population projection on the provincial total and component municipalities was
made with a base year 1990. The population for the year 2002 was projected using a

uniform growth rate belweeh 1990 and 2002 referring to the experience from 1980 to

1990 (census years) The reglonal and provincial growth rate between 1980 and 1990

were 1.77% and 1.59%, respectwely

The following are comparis_on of the projected population for year 2002 between the
Land Use Plan and NSO.

Land Use Plan - NSO Comparison

~ Regional Population ~ Not Available 6,890,447
Provincial Population 450,483 463,912 3.0% lower than NSO

In comparlson betwecn Land Use Plan and NSO's pmjccnon for year 2002, there is no

sngmﬁcant dlfference n provmc:lal populatlon

_ Whlle Table 8 3 2 shows past populatlon deveiopments in census years (1980-1995) and

proucchons for lhe years 1995 and 2002 by municipality as a base year 1990 in
application of assumed annual growth rates for the period 1990 {o 2002 in the said Land

“Use Plan. -~

In comparlson of 1995 mumclpal p0pu1at10n between the projected and census resuits,

' the prOJected populatlon of ten (10) out of 17 mumctpahttes is lower than the census.

. results with a range of 1% to 14%, whtlc that of remaining seven (7) municipalities is

hl_ghcr wnth a rangc of3% to 8_%.

~ Thus, future pro;ectlon for the mumcipaht:es shall be made using 1995 census results as

a base year. While, the reglonal and pfovmma} populatlon pl‘OjECted by the NSO may be
adopted in thlS PW4SP smca the differences between p0pu]at|0n pro_[ected for the

_meduum term by Land Use Plan and by the NSO is less than 3%

Ny - (3):

PR L The, followmg condmons are cons:dered in thc populatlon pr0jccnon L

Populatlon Projectlon of the Provmce

o chlonal and vamc:al Pop_ulatlo ST R
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For the regional and provincial population in the study, the projection conducted by

NSO shall be adopted. Table 8.3.3 shows the projected population of the region VI and

component provinces.

Table 8.3.2 Census Population and Projected Population in Land Use Plan

Census Poputation Land Use Plan )
Growth Growth Compariso Growth
M““idpam.\' 1980 1990 Rate 1995 Rate 1995 “'f Census 2002 Rate
' (1990-1995) (%) (1980-2005)
(19801990} 7 _ _ :
Aliavas 17,442 20,526 1.64% 21,475 0.91% | 18,565 ~131.55% 16,130 -1.99%
Balele 17,300 19,842 1.38% | 19,972 0.13% { 20,964 < 4.97% 22,642 1.11%
Banga 25034 ] 28640 1.35% | 3000 0.98% | 31,302 400% [ 35449 1.79%
Batan 233193 25,698 0.94% 26415 0.55% | 28,487 7.84% 32,908 2.08%
Burvanga 10,764 12,652 1.63% 12,665 0.02% | 13,602 740% 15,053 1.46%
Ibajay 31,214 35,598 1.32% 36,184 0.33% | 19,045 7.91% 44,439 1.87%
Kalibo (capiial)_ﬂ 19,394 51,2717 2.54% 58,005 2.52% | 56,305 =3.03% 64,184 1.89%
Lezo 9,625 10,338 Q.72% 11,536 2.22% |1 1,426 -0.90% 13,143 202%
Libacao 21,683 21,425 -012% 22812 1.26% | 22,238 -2.51% 23429 0.75%
Madalag 14,128 15,160 | 0.71% | 16,659 1.90% | 15810 -5.10% 16,766 0.84%
Makato 16,732 19,228 1.40% 21,955 - 2.69% | 19,880 T -9.45% § - 20,830 0.67%
Malay 9,120 14,201 4.53% 19,406 6.44% | 16,905 -12.89%% 21,576 3.55%
ﬁalinao 18,117 20,161 1.07% 21,509 CL30% | 20,903 C-282% [ 21,938 0.73%
Nabas 16,607 20,513 2.14% 21,391 0.82% | 21,94 2.68% 24,137 1.36%
New washington 26,119 30,093 1.43% 31,896 1.17% | 33,650 5.50% 39,346 2.26%
Numancia 16,216 19,887 < 206% 22,356 2:37% | 20,619 '-7.17% 21,690 0.73%
Tangalan 11,174 14,769 283% | 16,172 1.83% | 15,573 A% 16,773 1.07%
Prg\l 1C€ 324,563 380,028 1.59% [ 410,539 1.56% | 407,93 -0.63% | 450,483 1.43%

Note: * Population in 1995 was estimated using average annual growth rate (1990-2002) employcd in Land Use Plan

Table 8323 Pm]ected Population by the NSO

Census

Projected PopulationIGromh Rate -
- Province ™ Population’ ¢ Fopulation Average Annual Growth Rale

1995 1998 2005 2010 1995.2000 | 2000-2008 qu-sz
Aklan 408,949 432,359 487,83 518,072 1.84% 1.72% 1.60%
Antique 430363 | 455051 | 12955 | . 554,797 V8% [ e 155%
Capiz 622,034 657,975 W74_2.3|2‘ 801742 1.36% S 1L7% 1.55%
Guimnaras 126‘034. 133,422 150,680 .65._“1&2” 1.88% | 1.712% 1.56%
Itoilo 1,743,302 1.847.328 2086313 | 2,549,4@4 1.91% C1L72% 1.51%
Negros Occidental 2425941 2,573,658 | 2,910,028 | 3,131.450 - 1.95% 12% 1.48%
Region VI 5,256,623 | 609979 [ 6,890,447 7428329 T 1.91% L72% 1514
_Source NSO . .

\ole Popu!atlon ofAklan n 1995 as DI SL[J I l995 \\as 410 539 (1995 Census)

\qumchal Pouulahon :

i

1) The total population of thc provmce :n 1998 2005 and 2010 was F xed

2) Municipal population for shorllmedlum term target years (1998 and 2005) is

3-12

provingial populahon fixed for the years 1998 and 2005

estimated using the rccorded growth ratcs bctween 1990 and 1995 “The' mumc:pal
. population estimated mmally is adeSth in prOporuon to the p()pulahml size of each

mumc1pal|ly to the total provmcnal populauon,-to meet the above mentioned



For the year 2010 in the long-term, it is assumed that the tendency of population

growth of respeclive municipalities between 1980 and 1995 will not change

drastically in the future. Thus, recorded growth rate between 1980 and 1995 by
municipality is firstly applied to project 2010 population from the year 2005. Then,
the municipal population estimated initially is adjusted in the same manner mentioncd
above, |

Table 8.3.4 presents census results (1980, 1990 and 1995) and projected population of

the nunicipalities.

Table 8.3.4 Census results and Projected Population of Municipalitics

Census Result _-Projected Population/Growth Rate
Munict- : 1993 GR 1998 2005 2010
pality 1980 ¢ 1990 1990 | 1980- | Population | .o | Population GR Population G;A
1995 | 1995 [intta | Adju Inith | Adju bnitia | Adju
Afavas 174037 20526 [ 20475 [ 091% | V4% | 22065 | 20090 | 109% | 20507 | 23610 | 095% | 25908 F 25036 | 16
Balete 1300 | TIome [ 19572 | 003% | 0%6% | 70050 | Wi ) 02en [ B2 | 3005 [ o 2w [ niga [ o
Banga . 35034 | 28640 | 3007t { 098% | v13% | 3006 | N.0eo [ 10w | sast § 39256 | 169 | 3sasd | 5o | ToiR
Batan . - | 23393 | 33698 | 26415 | 0%% | 08 | 2685 | 269% | obiw | 27510 | 6033 | oeow | o090 | mET | Doon
Burvanga 10964 | 12852 | 12665 [ 002% | 109% | 12673 | 12316 | 013% | 17691 | 12747 | ooew | 1557 | naaia [ 05sh
Tosjay JIA [ 33598 | 36084 | 03T | oowR | 36540 | 36661 | 0wk [ 37385 | avsw | oi I HaAn | o | e
Kabbo (capial) | 39893 | 51377 | ss6es | 2om% | 359% | 6hsr | eaans | veww | [ v | v | eom sigsi [ 7w
Tewo 9835 | 103 | 1536 | 2% | Tziw | 93300 | 02302 | 233w | 14365 | WA | Tiew | 15355 | 15069 | To0%
Libsrao nasy | 20435 | 12813 {Tr2ew | o3aw | meer | mrer | 1aaw | et ] 3595 | 1w | man [ sams | o1
Madahag 1128 | 15060 | 16659 | 1o | 110% | 17635 | 17589 | 207% | 20416 | 20501 | 1esme | 31345 | 2ivie | oEvm
. Mabato - I | 19036 | 21555 | 269% | V&% | 23903 | 2385 | 28o% | 3Eeza | s | 2% | dians [Nian | vein
' My SAz0 | 1201 | 1942 | H% | siew | mnws | a1 | 6 %en | eaw | eaer | 6 e | Bas | s i
Malinao A7 | 006t | 23R | 130% | 15w | 22360 | 22437 | vaTw | 24481 | 24585 | 135% | Teok | 25951 | 09
Nabas | To.507 | 30333 | 10391 | owa% | 170w | 1195 | 20997 | 09w | 23mis | D318 | 087 | T5am ] 3503 | T
New washington | 26119 | 20093 | 30896 | vz § oz | 13020 {03040 | 02 | 35833 | 35990 | raww | 33468 | 38061 | 1 13%
Numingia | 16216 | 19887 | 2235 | 131k | 2i6% | 23582 | 24064 | zaE | w25z | 26375 | zdin | drssi | iise [ ieen |
Tangatan (74 | 10765 | 16172 | 183% | 250% | 17097 | 19,095 | Ves% | 19091 | o5 | FEew | 32es0 | 3iTe | 2%en
province - | 32456 | 38007 | 41053 | 15e% | 1.56% | 9089 | 43235 | 1.74% | BSI1 | 4BTA3 | 13avi | SI90L § 52807 | 1eame

Note: Growth fates in 1998, 2005 and 2010 were caleulated using geomelric formula.

Populatior_l by Urban and Rural Area

i’) Past fjdpﬁlaiidn dévélopménl B _
" Table 8.3.5 shows the ufban and rural 'p'orpulétion' with growth rates in census years
“(1980-1995) by municipality. With regards to th_c ratio of the urban population of the
_province {o the total population, the provincial averages in 1980 and 1990 were
12.1% épd 24.3%,i~respec§i\_'t;ly._: ‘lWh'_i!c,rit maintained same ratio in 1995. The
prqv:ingial growth rate o.f 8.88%,be_t_w_e¢n 1980 and :19'9:('}‘de__crrqe}sed to 1.62% in 1995.
With'fegard to’ thc. 'rﬁral population, .'g'rowth rates'aé the provincial average_.w_er.e :
0.09% ( 1980 - 1990) and 1.54% (1990 1995), rcspecllvely

. ; 7 2) Pro;ect:on of urban and rural populatlon for the years, 1998 2005 and 2010
’ - L Urban populatlon by mumclpahty for lhe target years was at first projected and rural |

populauon was calculatcd to meet aforementloned total populatlon fixmg the urban
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population.

Table 8.3.5 Past Population Developmient by Urban and Rural Avea

1980 T 1993
: G.R. . GR. | GR.
Municipality Urban | oy ore Urba [ ogg. | Shar e [ Vb | obg. | 1900
Total ! Total nf e n/

Rural %) Rural 1990 (¥} ! Rural 1955 1995

(%) (%) _| (%)
| Altavas 17443 nide ] 123% | 20536 | 2en | 200% | 3 Foiar [ 2744 | 0%t | 163%
Bakte 17360 1079 62% | 19812 ] "u315 | 3as% | 26% [1997 | L4 | 236w [ 30
Banga 15004 1881 | 75% | 28640 | 2040 | 08% [ 7.0% | 3007 | 2086 | 045 | 0.69%
Batan FIREN] 1548 66% | 25608 | 1343 | 002% | 60% [264r | 1333 | 008% [ 0.0,
Buruanga 6,761 918 85% | 12652 | 100|129 | 83% | 1266 | 5176 : | 6%
[bajay 31201 2797 7.4% | 35598 | 3935 | s66% | 112 | 368 | roo2 1.09%
Kalibo 39593 | usan | 3w | s | 51297 [ 03asn | 1000 | ssoe | 38065 | 257 | w05
£ [Lexo 2,625 1645 | 17.0% | 1038 | k736 | 054% | 168 | 1153 | 1837 | r14% | 074,
< [ Libacao 31683 1.877 R7% | 1A | 2811 ] 413 [i3a [ 2281 [ 2695 | odan | 244,
E Madalag - 14025 | 1036 73% | 1560 | o154z | oa0en |10 1665 1 1de1 ] o3n [ 29w

E [ Makato 16.132 0 00% | 19228 | 2.620 - 136 | 2195 | 2695 | 036% :
Malay 9,120 709 1% | 4201 832 | 161% | s9% | 1930 | 5358 | 45.04% | 14.43%
Malinzo BTl 1230 EAEGIEE A REEA I RS T
Nobas | 16607 | 1646 |  99% | 20533 | 7869 | 1693% | 383 | 21,09 | 392 T s
New Washingtor | 20,719 |~ 4047 | 155% | 30093 | 4510 | 1.09% | 150 | 3189 | 3946 | 18a% | 135%
Numancia te216 1544 95% | 19887 | 3692 | m9ew | 183 | 2235 | 2830 | Ae% | 430%
Tangalan 1174 0] o0 | 14769 F 1.168 | #DiVD | 7.9% | 1617 | 2675 | 18.03% | &DIVO
Province 2456 | wvdaua | 12i% [aso0r- | 52213 | 8880 1 243 | 4105 | 999599 | 1.62% | 6.40%
Aftavas d7a93 1 5207 ] wraw | 20526 ) 17005 | 139% [ 832 [ 2147 ] 1831 ] 0%i% | 13sh
Balele 12300 | 16221 | s3g% | 1982 | 18327 | 1% [o2a | 4967 | 18258 | 00s% | 0.79%
Banga 35034 | 23453 | 9235% | 28640 | 26600 | 140% | 929 | 3007 | 27985 | 1o |13
| Batan 23393 | 21847 | T934% | 25,698 | 24035 | 101% | 940 [ 2648 | 23877 | 039% | 0.87%
Buruanga 10761 | 9sds | sisn | 12052 | Ne0s | v |97 fires | tiase | 02in | tow
Thajay 31214 | 387 ] eneta | 35598 | 31613 | 090% |88 | de1s | 33483 | 6% | 09
Kaliba 39804 | 23071 ] 603% | 51207 | 0| wwn | 0.0% | 5506 0 - .
g [erw 9625 7980 | 829% | 10338°| 8602 | 075% | B3.2 | 1153 | 9699 | 243% | 1%
2 [ Libiceo 21683 | 19806 §. 93.3% | 21435 | 18614 | -062% | 869 | 228F | 20117 | 157% | 0.10%
g [ Madalay- Hazs | 136921 927% | 15060 [ 13618 | 039% F 898 [ tees | 1593 | 208% | o095
& | Makaro 1632 | 16932 [ 1000% | 19,228 | 16607 | 007% | 864 | 2195 | 19260 | 3.01% | 094%
Maltay 9020 | AN | 923% | 14280 | 13389 | 474% | 941 | 1940 | 14048 | 1.00% | 34t
Malinzo 18,17 | 16887 | ©33% | 20,161 | 1861 | 099% | 25 | 2150 | 20029 | 143% | 1.1a%
Nabas - . ] 16607 | 4861 F 90.k% [ 20533 | 12668 | 0.65% ] 617 | 21.39 | 17599 | - 1.69%
New Washingion § 36,119 | 22,078 | 845% | 30093 | 25383 | 1.49% | 830 | 31.59 | 26950 | 105% | 1.38%
Numancia b 16216 | 672 | S03% | 19887 | 16245 | 1.02% | 819 | 2235 | 19426 | a6a% | 189%
Targalan SIA74 | P78 | E000% | 14,769 | 13.600 | 198% | 920 | 1607 | 13497 | 015% | 121%
Province 323,56 | 85,039 | 57.9% Jasoer [ 28775 | 009% [ 757 | 4108 | 310,51 | 1.54% | 057%

- lhe tendency of urban’ populatlon in thé long-tenn penod Wi" be stable reflecting

SthMcdlum tcrm target: 1998 and 2004 -
“The share of urban popu]ahon in 1995 in terms of the proﬁle of urban population to

totai'pepulatlon by municipality were basically adopted, asSumlng that the latest

" Long- term target: 2010 :

1980 and 1995 may bé appllcd for the ‘municipal pOpulatton in 2010 assummg that

7 past longer lenn resu]ls

short_f'medium-termand l_on_g~t_erm.

prbﬁle '\'vil'l‘ not chaﬁgé dr‘astically in short/medium-term period.

In the projection of municipal urban popu]atioﬁ, ihe following are assumed by

For the long term projecllon the recorded growth rates of urban populatton betweei




However, for the municipality of Batan, the urban population in 2005 was fixed to

avoid negative growth of the population in 2010.

In addition, some modifications were made as follows:

- Ma'lay and Nabas; Shares of the urban population in 2005 were applied, since ‘

the gro(vth rates of urban population between 1980 and 1995 were considerably
high (more than 5%). ‘
- Makato and Tangalan; Ratios of urban population in 2005 were applied, since the

growth rates (1980-1995) were not available due to non existence of urban

. barangays in 1980 census time.

Under the above aSsumptions; provincial average share of urban population for the
year 2010 arrived at 26.9%, slightly higher than the figure in 1995 (24.4%). Table

8.3.6 presents projected urban and rural pop'ulatioh. The growth rates and shares on

rural population are catculated using estimated rural population.

Table 8.3.6 Population Prbjection by Urban and Rural Area:1998, 2005 and 2010

B 1998 . 2005 2010
Municipality ° Urban/ - Urban/ Share Urban/ G.R. Share
P, Total Rural Tolnlz._ Rural | - {%4) Total Rural (%) (%)
Altavas - | -~ 22,140 2329 23,610 3.017 12.8% 25.304 3214 1.65% 12.9%
Balete . 20.119 1.727 20,323 1144 8.6% 21,320 2033 3.13% 9.5%
Banga o -31,069 3155 | 33,208 31310 6.9% 353H 2.39) 6.69% 6.5%
Batan 7 [..- 26946 1,569 13032 Le3z | $.8% 29,190 1,632 0.00% 5.6%
Buruanga | - 12716 REIN R LISy [ 7 93% 1357 1,283 I.to% a6,
Ibajay - 36,664 2,738 32549 2804 15% 39445 2960 109%
Kalibo . . 62774 62,704 | . M8 [ MME | 1000% 84,749 84,749 2.33%
g lezo - - - - 12,362 1969 [ 1428 1 0 2297 155% 15,325 2384 0.74%
< | Livacao - | = 23.%67 2.808 25975 § . 3,069 “11.8% 26,418 3462 2.41%
E Madalag . 17.659 1.657 20204 | - 1893 94% 21,345 2170 2.11%
L | Makato -~ 1 23854 3.928 2873501 0 3507 . 123% 11,475 3854 1.83%
Malay | 23484 6,484 36397 | 10049 | . 276% 46,815 12,916 5.16%
Malinadp . _ 22437 1.544 24,589 1,692 6.9% 26036 1,300 1.24%
Nabas | - 21,997 3899 ) - NS | 4] L in 25371 4,493 1.70%
New 33,141 5,139 35.990 5,581 1 . 15.5% 38,468 . 5967 1.35%
Numancia -~ | - 24064°] . 3,154 | 28375 39 SAM1% 31,581 4,604 4.16%
Tangalan - 17,38 2,834 | . 19475 324 16.5% 22030 3614 7.50%
Provincé - | = 432,359 107,389 { . 487,839 | - 126,656 16.0% 533,713 143,643 2.55%
Altavas . = {7 -22.140 19340 |. .-23.610 - 20593 - 87.2% 25.304 21,030 i.36%
Balete. © ... 20,119 18392 1 20323 | 218579 91.4% nao | 19285 0.75%
Banga . L31.069 014 |0 33296 | 30987 | 9% 735391 33,001 1275
Batan - | |- 6946 25,377 28032 | 26400] T 942% 29190 27.558 0.80%
Buriangd | . 12716 | T1083s | 12047 | o onsed | 907% 13457 12071 [ 16
lbajay - . 36664 [~ 733926 |- 30549 | 34945 |0 925% 39445 36,485 0.9%%
| Kalibo & | 62974 R 14,782 R 34,749 0 -
2] Lezo S 1362 10394 | - 14428 ] - 12130 | - 844% 15,325 12042 1.30%
2 Livacao | Dot | . w0860 | 235975 | 22906 | . 882% | 268 | 1iose | 00t
B[ Madalag > | 17689 16.03) 20204 | 18300} 906% | 23345 | 10ais 0.93%,
Zl Makato 1] 23854 20936 ] - T50{ - 50| BLI% | AT 27611 1.53%
Malsy | cc23d4ga ] 17000 363972 | U 26MB | C 724m 46.815 13,839 3.10%
Malinaop | - 22437 7 20893 ] 24589 ) - 23897 [ i 931% 26,036 23237 1142
Nabas =75 Nyt 18l nMe | T 1984 | 823% 25371 20,873 1.70%
New 5|34 38002 - -35990 | 030,409 84.5% 38,463 32,502 1.34%
Numancia |- 24.064 20910 §. 0. 28378 | . 24657 | [ 869% 31,581 26,971 1.81%
. { Tangafan " CENRI3S {14,300 00 19478 | 16,254 835% | - 22030 AL 2.50%
¥ Provinge . | 433,359 | --324,970 | 487,839 | 364,183 |7 74.0% 533,723 390,080 1.55%

815"



SEPEEL [ITSL6  (PIE'SE  [L18'C6  [ZIv'e9  [sop'pl  [TLT'ER  [SS9'79  |LiL0T  [RIIGL  IpIg6S  {pOfs!l 6I's IS 8IS IEIOL [EDUIAGLY - i
205'S L6S'Y 116 75SE 196C £65 LTl'E S09'T 778 1562 [8sb'c  lg6t gv's | 6t'S £r'C - " ueRsuEL]l-
963'L SrL'9 1611 Lov's £TLY ¥39 . |oss'y 900t 085 oY STL'E 6£68 ¥Zs . .zTTS (a3 eowewnnl
L19% 521'3 Z6v'( 9L8'0 - ]S78'S 1501 689 ¥9¢'S 896 260'9 £91°¢ 1£6 €TS- | TTS | IES. BOLFUIYSEA WIN]L: -
£7E°9 $1T'5 STl GLS'Y  iPSLE $78 - 0zZE'Y Irs'e 8LL 861t [It'E LS . 01§ U6 10 10°¢ S SeQENl - -
6059 650°0 05y 89y |LEEY LPE cLTy LS6'E 91¢ w60y |16LE-  1€0€ §T'S 8T'S B2 oemEAL
FOL' 1L 1TiP'R LErE 16589 6105 ovs'l 9TY'Y 2:T¢ 8811 869'¢ 9L9'7 735 1£'s $T'6 9b's Kete)
98" £06'9 996 1066 - [8T9'y £19 Je6c'y Jovr'c 655 050y R s Sy | . vTS T
LEE'S . IvGLT £rs 8L’ |Zsl'E 928 SPO'E 65L'T 982 L9R'T 8657 - |69T 18°¢ 13'S 08's JejeprNf
$09°'9 G6EL'S 998 eIl Sel'y 8.8 TIEY £3L¢ 628 i #£9'% BOS 15's: ¥s's 15 ozeqI i
1£8°C SETE 965 LI6'T 1£0'T 93% 668'T £80'T S1p IEET P61 88% 56t 56’y ELY - onTy
T4 L8111 1281 1Zs'vl  |681°%1 : 6R1'TT 18Tl 182°11 SUS : HES - (rende) oquex -
198'6 1z OrL - 799" 0Z1'L THS - 1Z8P'L 2569 o0es - -leies  {9c®9 £25 06V BR'Y LIS o Releqmy
[erua £r0'E 128 55T LTE'T 43 SYS'T 12£°T $TL - vEST 1152 £2¢ 00 LGy LTS , cduening
36T L 068'9 30 119'S Zig's 655 Zsr's 001°S 9rE SYE'S 500'S [ reY L6V Sy —_waeg].
623'8 157'8 265 9159 ¥90'9 Z5r 0800 859'S T 283'¢  |o8t's 0% s 11§ s . rdueg
0£E'S 128°y 605 9Z0Y - {6LO'E L¥E S86'C e PS6E . IL19'E 19§ 508 $0'S £0'S ueiegt
L7890 806'S 618 1057 SP6'E 955 0T 669°€ 12§ £60'7 885'C $0S - §TS 743 'S . SEATLY]
1250 [ELT ueqQdn 1E0 ] Jeany ueqan) €30 L jesny |- wegqln e, |eany UEQL) 7oL [eany [ uEqL) . . .
010z S00T 8661 S661 - _S661 . Anedpeniy o dwey; -
SPIOYISNOH JO JIqUIny : JITIS PIOYISNORH R e :

Igax Hum..w L Aq Ajedaraniy Aq 8..3 [eany pue ueqr() Aq SPIOYISNOY Jo Joquany] padalord ‘6 €8 AL |

§-16.



8.3.2 School Enrollment Projection
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Projection of the Number of Public Utilitics
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84  Types of Facilities and Implementation Criteria
8.4.1  Water Supply

(1) Urban water supply
With regard to development/expansion of urban water supply by municipalily, existing
conditions, fiture requirements and planned/on-going projects were reviewed in
preparation of this PWA4SP. Potential water source for future development was also
evaluated in Chapter 7, taking into account the possibility to utilize untapped spring
sources. Location of urban area of respective municipalities/city was referred to Figure
3.4.1 in Chapter 3. Table 8.4.1 presents basic figures on existing service coverage, water

sources and future requirements.

8-21



WORAT [1] (PAYT 40 PAGIORIE 30 |11 i1 udITINdOd PIAIE 24 EAPRLdUI §7 7 ur faasds wonmndod (ruoLippy

Pod] O wIURIUD) hugy

WHIRDOTRY (58y “AMOGINUN Y (WO IMAADL] IAOL] TEDUING NIkA, (M (AION)

%56 OV T [seerl 0L ps'T 0609 %I 1H6TE  v08'st L5949 L0801 WOL LOG0B 0OSTERT WASY LOMUIN 4RS00 0, [I3UIAGL
"th ZOFL . 090\ e 001 (] vPOT JUWON %ly o5 Gt [0 YRS W00l gL vUET UREBUT
Weh WL LT o'y 007 204 TrOT FWON iy ezt L% s [l Ll R T %ST ORL CMILPEEY RELT
Yesh 6995 | CRE'w 1963 201 001 ¥FS BUON Wt | Y ol 185°S . q e Ly - gelr - or1's VOIGH o, MoN] -
Eh TIPSR REr'y 001 00! IR C Een ) _Bos [ sil'E . Y9 GELL [ : GOX'E QN
Yaf_ L OML' 9 00"} oot ool 2091 0N Mlh 89 fid] 250 2L MO %001 vl Yl S 008" Ui st SuUHEKY
%S¢ OWCZ1 - svO'iE 926°T1 [23H Z OLZ'y AON 44T | - SET'L Al 6+0'0) WO SI6T  Sie'l : b9 APIFAY |
%St LL9C - ILLE ¥og'C L 00Y ool LTLT 00N %5s aove’ ik 625'L 0%L Lmd_ | WL va¥'Z iRl %15 05T famries OmNE N
"R I90T  EEiL 0LI'T i 1 voT | HIN ot ) VEL LOR'C ET MO [ %9 110'T - SiE “MIb 96% {O5y) 1 [ L6671 2eepri] -
%S _ oHIL . Ti6'E o'y | oot [ LT HON T LiT ‘LLE 090’ bl OYET  ONTZ ROR & OmIRQi]
sd O AR PRU'Z 1 00% 0l PGS HUON %t § LS TR L6eT 44 MO R Tt LSV % _S6C L (amiijede’l 9z
MEs ISR sty R QU . 00T SHO'RS ION %iE COUSE - Kxl'e CRLPL OLFL MG | Cow'Er  T59'81  %Wdb 0L 0% Lambi|vie'ze (LT
o T LINT AT 096’ ost- [£]] v’ HON 8T Py §re POR'T UKL GP1T oF1'T REL'T Allrg]
Al KA SHZ'L 00 [ %6 HON 5T | ok| sel PRIt =ab% . L1% LIR B - [T rEETIng
st 08¢l ‘¥zl 269°( 00 ] 159"t DUON LY Al 16T 269'1 Ry MO [ MRLDEZ'L -6 8L ST [ ] ueegl.
86 T 436t 168 00 001 [T HON _ "ll PR PRT o187 wgh LV LMY S51'2 . 3.:5_
56 'L Al $50'T 003 . 001 61T 1 UON %11 [ 114 vIT vl | HRS 500 SOQ't : L1 2AeE
%56 OILE 65T PLTL [ 001 980°C HON 6T 145 it A Ty MG L%I9 CIET - CIWT % 062 nﬁzr 6IKT ARl ]

R } APAWE T ddingg TWTPAT I} - N -

% ey PSEAM| (in) [ pembey s PARS LR fapess pugdea | 00D | (rpw) sthy (R s GLOS % apenes W90 | (hest)
; - ROINIPY | wonmindey | sae0s reompp ‘604 0y, . dog ‘ddod oy, proonmpy | WOINIRdoy [UOINPOLY imoy, tdeapwiop T . " rdag s g | onwmdag
- unqy AL ¥ pRdoRaag Lot A uRgan . . JRATISON]  wwqun Siedoiungy
13- RAPT AQ Poauag -dog (L A SHAACY PRE §T] [AF] AQ PIAIIS T0KIL AHNOG IXNEAL (1= TAMM) PUT WITHAS [1] (3T BHTISRTy J0 STy
(0102 11 2ewyy (5002) ¢ ovyg {8661} vourpueD Xupsixy

TAmedun iy Aq Alddng 101EAN BEGI]] JO SURWINNDIY 24NNy PuET uORIPUED) BUNSIXE ['p'] QEL )

8§-22



120wt PR Pt
:IMM

I-tome | DOVIS VAR,

) *
el

OPEN HOLE DRiLLIMG &
SRAVEL PACK METHOD

SHALLOW WELLS

SO08 e, SURPALE FLALING

. mmmr\cl
- "3"#'::3‘“’
SPEN HOLE momm m:m_ag oo L : mmmumfuiummm
| “usises i DEEP, WELLS' “ “FIGURE 8.4.1

TYPICAL STRUCTURE OF LEVEL l WELL FACILlTY

8-23 o




|
051

[ 3
1) 7l

F
_§._—

D

- 7 Section, @ -—-* @ ;S 31/30 '

oEZ' 00§

 Seotion @D-Q® s- 1)3()-

. Fignre 8.4.2(a) Iron Removal Facility .

8 Y




‘Pebble

:Coarse Sand

:Fins Sand

Stew Sond Filker Cwver

TE—

Section @D - @ .12

“wzn
"

Section @ @ s=

Fignre 8 4 Z(b) Iron Remov;l Faci!ity

825




8.43  Urban Sewerage
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