7. WATER SOURCE DEVELOPMENT

7.3 Groundwater Sources

7.3.2  Groundwater Availability in the Province

(1} Major Information and References ,

The Groundwater Availability Map was prepared using the following information and

refercnce (detailed list of reference is presented in Table 7.1.2, Data Report): ‘
Ad_mi.nisi'rativc and Topographical Maps of the Province published by N;\MRIA with
scales of 1:250,000 and 1:50,000, respectively.

- Geological Map of the Phlltppmes published by BMGS wnth a scale of 1:1,000,000.

- Water Resource lnveshgallon conducted by NWRB 1986.

- Well Inventory Databasc prepared by NWRBE, LWUA and DPW!I

- Well Inventory Database in the province, : _ _ :

- G_e.n(:ral information on groundwater condition by DPWH;D.EO and PPDO.

- Well Log Data by DPWH-DEQ and PEO.

- Water source information by Water Districts.

B () Approach and Methodology | |
* 'Fhe procedure in preparing the Groundwater Availability Map is cxplamcd below with
workflow depicted in l'ngurc 7.3.1.

. l) Prepare a base map wnth an approxlmate scale of 1: :250,000 (fit to thc A4 map sizc).
' The topographlcal map of NAMRIA (1:250,000) was used as a reference map. Ba-
stc jnformation including rivers and provincial and municipal boundanes are indi-

cated i in the prepared base map.

2) The grouodwater potential areas, base'd on the geology of the province, are delineated
on the base map. The Recent alluvial and/or beach deposnts Pliocene- Quatcmary
sedimentary formation (clay, silt, sand and gravel) and Pliocene- Quatcmaty volcanic
rock units (pymclastlcs, debris flow and tuff) are regarded as possible aquifers con- _

sidering their high porosity and permeability.

% Boundaries between groundwater development polential area and difficult arca were

defined and delineated as presented in Figure 7.3.1, Main Report.
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3) Arcas with potential high yiclding aquifer in the Water Resources Investigation of

NWREB, arc reflected in the defined groundwater potential areas,

Bascd on the results of ¢lectric resistivity survey of the above investigation, resistiv-
ity values from 20 to 210 ohm-meler indicate a potential high yielding formation.
Values less than 10 ohmi-mcter suggest claycy layer. Figore 7.3.1, Main Report,

shows the boundarics of arcas with high and low yielding aquifers.
4) Delincate shallow and deep well arcas based on well database of NWRRB and DI'WIH
central office, well inventory of PPWH-DEO and rock distribution. Vigure 7.3.2

presents the categorization in terms of groundwater utilization.

Nigh Yielding Avcas

Difficult Areas Solo shallow Well Areas Decp Well Areas

Consists of consolidated and im- Mainly Recent Formation Recent to Pliocenc forma-

pervious rocks, with shallow basement rocks, tions with pervious rocks.

Water source: spring Water source: shattow well Water source: deep well
N and shallow well

Iﬂgure 7.3.2 Area (‘ategor) b} Groundw ater Utilization

Solo shallow well areas 'arc defined on the follow'ing basis:
(a) Predommancc of serwceable shallow wells and presence of dccp wells with water
quahty problem and/or low yielding aquifers.

(b) Occurrence of impervious rocks bencath the Recem formahon at shallow depih.

5) Based on the information prm).ided by NWRB’s well inventory and the data oblai‘n_:cd
through the questionnaires, well speéiﬁcalion for cach mdnicipéiily is cstablished as
shown in the mép. These specifications are used as refcrcnces.in. evaluating the
groundwaler availability in each locality. Individuat well locations with 1ec‘hnical.

information are presenied in Figure 7.6.1, Data Repott.

(3} Tutere Updating and Utilization of the Map

For future updating of the map, the following procedurc shall be employed.

7-3
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1) Referving o the results of any supplementary water sources investigation by various
ageneices, re-define the potential area for groundwater development by applying the
aforementioned procedures.

2) Updaic the provinecial database using the questionnaire made for the study to make

necessary revision of the delincated boundarics of groundwater categories.

Spring Sourccs

The numbers and discharge of dcvcloped and untapped sprmgs by mumcnpahly are shown in
Table 7.4.1. The dnwdmg discharge. of 2.0 Ips for cxisling developed spring sources means
that this capacity is enough for Level Il water supply and can be applied to upgrade small

Level HI water supply. The data are derived from the questionnaires and Table 7.1.1 Water

Source Information, Data Reporl. In addition to this, untapped spﬁng information was not

available during this study period.

Table 7.4.1 Exisling Spring Sdurces

Municipality |- No. of Developed Spring | ,U.‘f!ﬁ!s’i.’?{‘,??,'i“&@:?*3‘,‘?5‘?-‘??%33E’ieff'_‘__‘)____
7 Q<26 1ps 0Q>2.01ps No. Ave. Ips " Rangelps

Almeria . | 0 ' 0 - o~
Biioan | - 0 | . 21 . ~
Cabucgayan | 0 | 0 | - s
Cmb,mn N SR ]4 S 0 e ) . N
C“laba B 0 o 14 e - §
Kawayan R R 0 (} B S . -
Maripipi | 3 ¢ 1 | Tyl
t;{a;-;,;_ U _[_)._ 0 - - o

Note: Ave. Ips & Range Ips mean the average discharge and the range of discharges in tps (liter/sccond), respee-
tively.

Surface Water Sources

‘The major rivers in the province were selected 10 evaluate their potential as water supply

sources to meet the future water needs of the province. The following criferta were adopted

for the selection: -
«  rivers which have been utilized for domestic purpose,
+rivers which mouth is located in the vicinily of urban area,

« rivers which have gauging stations, and

-« rivers with watershed of 10 km? or more.




Bascd on the above crileria, the selected major rivers are Anas (Kawayan), Amambahag,

Mapula, Cabucgayan, Santol, Cavay-caray, Anas (Naval) and Bagombong Rivers as shown in
Figure 7.5.1 River Nelwork Map.

There is sio gauging station in the pravince of Bilitan. Two gauging stations in the province
of Leyte are selected with duc consideration of the same climate pattern of Biliran Istand,
since the specific discharges of 2 gauging stations were applied for the said figures of major
rivers in the province. The runoff records are obtained from the “Philippine Water Resources
Summary Data” prepared by the NWRC in 1980. The information on the present uses {water

rights} of the major rivers in the province is summarized in Table 7.5.1.

(1) Surface Water Utilization/Water Rights
As seen in Table 7.5.1, the present water uses in the watcrshed of major rivers total to
0.04 m¥/scc {about 3,500 m’/day). The diversions for major flume, which are operated

by private associations, arc located at Naval, Caray-caray River. These water rights

were registered in the 1970's.

(2) River Flow Analysis
The flow durétion curves of major rivers in the province of Leyte, derived from the

avattable runoff records, are shown in Figore 7.5.2,

The stream flow, maintenance flow, diversion flow and return flow are usually vsed to

_estimate the eﬁploitable surface water poleﬁtial In lthis st-udy, the stream ﬁow was con-

‘ sidered as the flow potenhal for domesl;c use and the diversion flow value was trealed
as the equwalenl to the discharge of water rights registration in surface waler use. No

" detalled study on the return flow has been performed yet due to the difficultics in inves-

hgatmg the irrigation, evapolransplratmn and recharge value to groundwatcr etc. wnhm

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

the estimation of exploitable potential.

It is generally accepted that to secure the required vdlumc for water Suppl)r' each water
use sector adopts the different return 'p.eriods Usuaily, the dependablhty of domestic

water supply is taken to be 90% or h:ghcr (10-year or longer retum-period) of the wholc ‘ i
hydrological period.
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In determining the river maintenance flow, such factors as yunoff charactcrisiics, navi-
gation, fishing, picluresque scenery, salt water intrusion, clogging of river mouth, ripar-
1an siructures, groundwater table, flora and fauna, and river watcr quality shall be con-
sidered to maintain the norma‘l [unction of the river. In the Phlhppmcs ]0% of the de-
pendable flow of the river is required as minimum maanlenance flow. Thcrufore the
maintenance flow was calculated as the dcpendab!c flow for irrigation, which equats to

80% (S-year retumn- pcrmd) of the whole hydrologlcal period.

Finally, the exploitable polcntial of surface water in the provincc was sludied .in'the case

of inflow to and outflow from the réspcctive municipalities. The results are summarized
in Table 7.5.2.

Surface Water Quality S ,

The results of water quality analysns are summar;zed in Tab!e 71.5.1, Data Reporl. The
sampling Iocahons were selected upstream of the respective mumclpalmes In the said
table, Class AA and Class A of the DENR “Water Quality Crltena for Fresh Water“ are
shown as reference for raw water evaluation. The PNSDW-1994 is also used to evaluate
water quality with rcfcrence to turbldlty and trace elements. The water quality of the

selected rivers falls within the class “AA" or “A" standard, aIthough the parame{ers

tested are 1nmted

Future Development Potential of Water Sources ‘

)

Groundwater

A well mventory covcrmg all the mumcipahhes s’nows lhal there are 159 ex1shng we]ts_'

in the provmcc whﬂe 14 shallow wells are recorded in the inventory prepared by PSPT
{See Table 7.1, 1 and 7. 3 1 Data Report) Desplte the smaller number of wel]s included

in the PSPT data, these were used in the analysis, since these provided techmca! infor-

mation. All 14 shallow wells have complete information on depth and static water level.
The specific capacity of these shallow wells was not available during the 's_tudy period.

Data are summarized in Table 7.6.1 Existing Well Sources.

Considéririg the shallow well information, geologic and hydrogeologic background, and

topographic features, the most productive wells may be those with the depth ranging

from 5m to 18m and from 20m to 60m. The good yielding wells in alluvial fans may

- have static water level of about 10 mbgs and specific capacity of about 1.0 Ipsm.



" Specific Discharge (m3/sec/100km2)

Percent — Specific Discharge (cumvsee/100sq k)
of Time (%) Sangpultan-Dapdap E Binahaan-Lingayon “
(No_in Figure 7.5.1) ' Leyte i Eeyte
o | 1gos] 218
20% R T
3% . Y /3 B2 I 12,68
A% o 480 L 10.64
- 50% I R X
50% 1 I Y )
70% 244 190
i 80% 2.06 6.70
ll 20% 1.63 5.54
I 100% 0.70 1.20
[ Data Period 1952-'68 1948-70

Source; Fhiiippine Water Resources Summa'ry Data, as of Jan. 1930 by NWRC
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Figure 7.5.2 River Flow Duration Curve
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Table 7.6.1 Existing Well Sources

e

])eplh (m)
Municipality Fype | No. |- -
Ave. Rangc
. DwW 0 . .
Almeria
SW 0 - .
Dw 0 - .
Biliran
Sw 0 - -
Cab | p ANy 0 - -
abucgayan :
Sw 0 -
" DwW 0 - -
Caibiran
SwW 0 - -
DW 0 - -
Culaba ‘
Sw 2 1691160 - 180
DW 0 - .
Kawayan :
SW 21 100 10,0 -
. DW o] - i
Maripipi : : ‘
SW 1 8.0 80 - 80
bw 0 - .
Naval :
SwW - 21 s1d s 0 60

100 .

8\\’[ (mb gs)

ERH

3.0

A\ e, l{angc
30 30 -
3¢ 30 -
30| 30 -

© 30 3 o -

30

3.0

Sp (,qp (Ipsm)
l{angc

Wotes, The va!ues of “A\e depth; SWL and $p.Cap.” by municipality are cstematcd using the \\ughted average based on
1995 census population in respective barangays at well location. o
Legend, SWL—sta:ac waler level, Sp. Cap speeific capac:ty, Ave=average, SW—shaHo“ well and DW=decp well

Based on the hydraulic characteri'stics and location of wells in Biliran aquil‘crs are di‘:trib-

“uted around volcanic mountains and coastal areas of B:hran Maripipi and ngalaugan Is-

" lands. Shalow well area is distributed in the westem coast of the Bl!lran Island The Mio-

ceng and older rock units, and voleanic cones are dnstnbuted in the westem h:lly area of Bili-

“ran Island and the central parts of 3 islands that are classified as difficult arca for gfoundwa-

ter development.

As mdlcated in Figure 7.3.1 Main Report altuvial fans are hlgh yleldmg potcnhal arcas cov-

ering the eastern slope sides of M. Guiauasan. However, much numbers of qhallow and deep

wells in the municipalities of Culaba, Kawayan and Maripipi are intruded by salme water.

As alternative waler sources, the untapped springs can be developed for {ulure use. Thesc are

the most reliable sources for water supply in the province, because groundwater in populated




arcas have water quality problem of saline water and these arcas belong t6 solo shallow well
arca or low yiclding deep well arca. Existing spring sources are wikized for water supply and
they oniginate from the volcanic mountains of the province. Even the information on un-

tapped spring source was not available at present, such springs shall be sought for future wa-

ter saurce development in the mountain areas,

The iron removal facilities shall be considered for Lovel-1 deep well facilities in case there
are no altemmalive spring sources in decp well area with water quality problcm of ironic
groundwater However, there are numerous spring sources in lhe province. Thus, the pro-
pottion of the iron removal facilities to be constructed for Levei-l deep well facilities cover-

ing entire province is assumed at 0% at present.

The detailed hydrogeological charécteristi_cs of each municipality are summarized in Table
7.6.2, while indivigual well locations with technical information are shown in Figure 7.6.1

individual Well Location and SeeciﬁcatiOn Mép, Data :Réporl.

Addumnal wells shall be desrgned employmg “gravel packed well” with a thlckness of about
50mm or more depending on the gram sizes of aqu;fers and pumping capacnty While, natu-
ral gravel packed well may be adopted within the areas where well-sorted natural gravel for-
mation is distributed at the ehpectcd aquifer. Such areas are usua!ly the upstream areas of
alluvial fans or plains in the province. The apphcallon of such melhocl for Level I well is
also Jushﬁable since mflow veloclty of groundwater through the sereen is very low because

of m:mmal pumpmg rate by means of hand-pump operatmn

Generally, shallower well has a hlgher possibility to be constructed by the namral gravel
packed method than the deeper one in areas fonned by recent deposits. Thts is because the
layers at dlfferent depths of alluvial p]am or fan depos:ts had been formed by different situa-
tions of transportanon and sedlmentatlon between varied gram sizes. The adaptab:lny of the
natural packed well development in the provmce 15 expenrnemally assumed refen‘mg to the

limited information such as topography, geology, static water levels etc., as shown in Table
7.6.3.

¢
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Table 2.6.3 Propoertion of Gravel Packed and Natural Gravel Packcd Well§

Mtf.ﬁ;?;;ﬁ;“ﬂ‘ [ Pmposcd I Proporhon (%) of ¥ evcl 1 Dccp WFH? h
{only potential area) Well Dcpth o Gravcl Packed | Natural( ("r'n cl Packcd
Culaba | 40 m Almost 100% - Onlyfew%
[ Kawayan | 40m Almost 100% ~ Only few %

BExamination on the effective gram sizes and umfonmty coefficicnt by sieve analys:s at the
influential aquers (composcd of coarse sand and/or fine gravc}) should be conducted durmg
the lmplemcnlauon period. Such analysis and actual well constmctlon rcsulls are very help
ful to apply the natural gravcl packcd mcthod in future planning.

In the Leyte Valley, it is rcpom:d by DPWHIDEO of Leytc that numemus decp wcl!s present
high Fe contems (PNSDW Fe<l. Oppm) The resulis of groundwater quality examination,
conducted by. lhc Leyte PSPT, show their charac{enstlcs with shghﬂy hsgher Fe and acid pH.
Such groundwatcr quality characteristics may appiy for Biliran Island with due conmdcrailon
of hydrogeo!og[c condmon bclwccn the' provmces of Biliran and Lcytc The deep well area
with acidic groundwatcr may be found in eastern pledmont of volcanic mountams Irumc
water pumpcd from deep wells is caused by groundwater xtself well matenals eluded in acid
water, or combmahon of gmundwatcr and well matenals There are four cascs on water

quality problem in terins of Fe and pH value as fpllcws,

{H Iron concentrauon is less than the PNSDW(] pprn) and the pH value of groundwatcr in-
dwates neutral to alka!mc side. Therc isa low possrb:hty of iron contamination through
1he future. : .

) Although iren concentrauon is wuhm the standard value groundwater shows an acid pH
value. There is a possibility of iron contamination from steel materials.

3) Irbn concentralion exceeds the standard value and groundwater shows ncutral to alkaline
pH value. There is iron contamination caused by groundwater itself.

(4 Ilroh con.c.entration' exceeds standard value and groundwater shows acid pH side. There

is a possibility of iron contamination caused by groundwater and/or well materials.

Where groundwater has high Fe contains, the Iron Removal Facility shall be additionally in-

stalled. Where the paramﬁter of groundwalter indicates acid pH side, !hc well casing shall be

desugned to use anti-corrosive materials, such as polyvinyl chloride (PVC) or stainless steel
(SUS) materials.
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Generally, shallower well presents water qualily with alkalinity parameter. This is because
the shallow wells are usually constructed in alluvial p!aiﬁ or {an deposits. The wetl materials
of the said anti-corrosive shall be used for deep wells. The development of deep wells using
antli-corrosive materials is cxpcriméntally assumed }cfcrring to the limited information such
as results of water imalil):( cxamihaiion (refor to Table 7.3.2, Data Report), and water qualily

trend based on the results from the province of Leyte, geology, ctc., as shown in Table 7.6.4.

Table 7.6.4 Proportion of Wells to be Construcied by Different Materials

Municipality Proposcd ) __._l"_r_(_)l‘m‘rti(m (%) of Leveld Deep Wells

(oaly potentiat azea) | Well Depth GI Casing Pipes PVC Casing Pipes
Cabucgayan ' 80 m © Almost 100%  Only few %
Caibiran ~ | 80m | Almosti00% | Onlyfew%
Cutaba | 80m |  Amosti00% |  Onlyfew%
Kawayan | 8 m - |  Almost100% |  Onlyfew%

Water quality examination on e and pH parameters should be conducted during the impte-
mentation period. Such ground\vatef qualily analysis is very helpful to design the well mate-

nials in future planaing.

@ Sprmg ‘
Untapped sprmg sourccs were not avazlable during the study penod Data colleclion includ-
ing barangay namne, Owner, dlschargc transmlssxon plpclme length and relative elevation

 shali be staned lmmedlately (refer to Table 7.6.5 as reference form)

l‘able 'J 6.5 Untapped Sprmg Source Ident:ﬂcatlon .

Location "+ Hdentification of Untapped Spring
P ' - D:scharge T.L.L.* - Elevation leference
Municipality Barangay Owaer (ips) (km) . (m)
NA '

Note: T.L L. - Transmission tine length
NA - Datanotavailable




1.1
2.1

Water Source Development for Medivin-Term Development Flan

Detailed Groundwater Investigation Required

(1)

@

Groundwatcr Database covering the cntlrc Province .

There 1s no sufﬁcncut groundwater data/information avallablc during the study period.
The addluonal collcctmn of data/information covcnng all types of water sourcea (deep
well, shallow well and untapped spring) is urgent matter. Dalabasc preparation and

study on groundwater sources shall be done accordingly. The requirements for the pur-
pose are enumerated below.

Deep- Wc!l & Sha\!ow Wctl { funcuonal sour__)

General Informatlon locatlon service level, prcsent utihzanon & ownersh1p
« Well Inl‘onnat:on well dcpth well dlametez screen position, static water level,
water quality and completion year

. Opcrationél Information; discharge, draw-down, operation hour

Untapped Snnng

"+ General Information; locatlon presant utlhzahon & owncrshlp
e Spnng Information; fluctuation of discharge and water quahty .
. System Information, location map include expected service barangay, d!stancc of
pipeline route between source and service area and relative elevation for gravxty

supply between source and service area

Water Quahty Exammatron of Wcll & Sprmg .
Both well and spring are potcntlal water sources in the province of B:llran Dccp well

area covers the eastern slope of volcanic mountains of Biliran Island and the coastal belt

~of the ather 2 islets, while shallow well area is distributed in the western coast of Biliran

Istand mcludmg Naval, the provincial cap:tal. Spring source can be developed in all
municipalities.

Deep Well

Deep well area may have water quahty problem with acidic groundwater and/or high Fe
contenls locally, based on the water quality examination results in the province of Leyte

and geologic condition compared with northern Leyte. Water quality examination af

“deep well sites shall be conducted, since no data was available during the study period.

. The study area and examination parameters arc as follows:
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+  Study Arca; Cabucgayan, Caibisan, Culaba & Kawayan

.+ Bxamination Parameter; Fe, Mn, pl, Color, Turbidity, ¢lc.

Shallow Well _
Numerous numbers of shallow wells are used for drinking purpose in eastern coast of
Biliran Island. These shallow wells are exposed to water quality problems affected by
surface water. Walcr.quélity examination at shallow well sites shall be conducted,
since no data Wcrc avaitable during the study period.  The study arca and examination
paraneters are as follows:

. Study Area; Cabucgayan, Caibirah, Culaba & Kaivayan

+ Examination Parameter; pH, Color, Turbidity, Bacteria & Coliform, ete.

Developed & Untapncd Spnlm

Major water sourccs in the westen coast is pnvatc]y owned shallow wells and pubhc
springs. Water qualily of sprmgs is rt,portcd as potable, but only bacteriological exami-
nations were conducted at prescm Additional water quahty test 1s recommended en-
tailing the fo]lowmg

+  Study Area; Almeria, Biliran & Naval

@ ‘ . Exammatlon Paramf:ter
' Physical; . Turbid:ly,Ccior& l‘DS .
Cﬁeinical' pH Total Hardne.ss Alkahmty & Acidity

.Bacienologlca! Bacteria & Coliform
Major Cation; Na K', Ca' & Mg ‘
Major Anion; €Oy, HCOy, CV & SO¢
Trace Element; Fe & Mn

772  Spacing Allocation for Level Il and 1l Wells -

f‘he bﬁniping ratés required‘ for Level | facilities are fairly lt_;wer than that for Level .fii ‘and I11
systerﬁs. The well interference in Level 1 facilities need not to be studied in t{:mis of spacing
of wells and production rate, since most fdmlatiﬁné in Sl.'laHD“} and 'decp';.vell areas generﬁlly
have enough groundwater development pofenlia_i. As Level 11 and NI wc_ll's are usually e‘x_-‘ ‘
pected to produce larger discharge to meet the water demand, ihc sﬁacing of w_élls to avoid
well interference has to be constdered. Spacing allocation for Level lf and 111 wells was ex-
! amined considering specific capacity, pumping rate, and assumcd drawdown of lcm al the

interfercnce radius for a pumping duration of 16 hours.
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(1) Speerfic Capacity
According to the existing well source information, speeific capacity was considered with

ranges from 0.5 tpsm to 6.5 psm. To simplify the calculation, an average valuc in each

tange is adopled in the calculation of interference radius. Q"

(2) Pumping Rate
The pumping rate was cstimated by assuming a drawdown of 10m with the averape
value of specific capacity and pump operation of 16 hours/day. The formula used 1o
determine proper well spacing is the Jacob modified equation. Drawdown at the inter-

ference boundary is assumed at 1om after a pumping duration of 16 hours.

Table 7.7.1 presents the estimaled spacing requirements and number of wells to be con-
structed within a well field of one km? The spacing interval between adjacent wells to avoid

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

radius.

Table 7.7.1 Spacing Arrangements for Planned Wells

Range of  Estimated Estimated .

Specific Capacity Pumping Rate Interference Radius N bLStlTil\l’ﬂljlslk \
{Ipsm) {(m'/day) {mn) HMBEr of Aveliskm

65-15 500 80 45

15-30 1,000 . 120 20

30-45 2,000 160 11

45-60 2,500 200 7

> 6.0 >2,500 >200 >7

£
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8.3
331

Projection ef Frame Values

Review of Past Population Development and Population Projection

Since the NSO has not yet prcparcdl:ssued fulun. populahon of the pravinces, the provincial

population for the years 1998 (plannmg base ycar) 2004 {medinm-term target year) and 2010

(leng-term target year) were pro_]cctcd. Available information for the Study at present is as
follows:

L]
*

*

M)

NSO populatioﬁ census results from 1903 to 1995 {conduoted 10 times)
1995 Census-based National and Regional Population Piojcction prepared by the NSO

1995 Census-based Regional and Provincial Population PI’O_]CCthﬂ preparcd by the
NEDA Reglonal 0fﬁce VHI

Provincial Physical Framework PIaw’Comprehenswe Provincial [and Usc Plan (1993-
2002) prepared by the Provineial Ofﬁce (hereaﬁer referred to as “the Land Use Plan™)

Comparison of regmnal populahon pro_lcclcd by NS‘O and NEDA .

The N.SO conducted th:_: natwnal population pro;ccuons for the period 1995-2040 and
the regional projections for the period 1995;2(}20 The‘ acsumptions. take into account
future trends in the demographxc processes of ferhllty, mortahty and migration rcqu1red

by the cohort—componenl method for pro,eclmg populatmn

In the 'régional pbpuiatlion' projection of Region VI (Eastern Visayas), the subject
region composed of the 3" batch provinces of this study is classified as medium-sized

region (projected population of at least 5 million but less than 10 million b)"year 2020).

On the other hand, the NEDA Regional Ofﬁce-V]ll projected thc rcglonai populatlon
together with the provmcnal population for year 2006 based on the 1995 census resuif.

Table 8.3.1 shows the comparison_belween the fwo agencies’ projection on the regional

population for the years 2000, 2005 and 2010. In the past development, the annual -
growth rate between 1990 and 1995 drastlcally increased compared with that of the" _

previous census period. The NSO considered the latest dcve!opment for its projection.

Thus, the growth rates with S-year interval for the years 1995, 2005 and 2010 are |

assumed at 2.21%, 2.00% and 1.82%, respectively.

- The NEDA Regional Office alse prejecied the population for year 2006 based on the

1995 census result. In this study, the annual growth rate between the two years was

calculalcd at 1.00% using the compounded formula for the purpose of comparison with




NSO projection. Thus, the poputation in a S-year interval from year 1995 was cstimated
as shown below applying 1.00% as annual growth rale. Comparing with the projected
population by NSO, (he NEDA projection is rather conservative in consideration of the
past trend between 1948 and 1995 as shown in Table 8.3.1 and Figure §.3.1.

Year Population Sourge/Growth Rate

1995 3,366,917 Census resull

2000 3,538,664 Bstimated/ 1.00% (1995 - 2006)

2005 3,719,171 Estimated/ 1.00% (1595 - 2006)

2006 3,756,193 " NEDA projection/ 1.00% (1995 - 2006)

Table 8.3.1 Céniparisoﬁ of Regional Populathﬁ Projection by the NSO and NEDA

Year . . 1990 1995 2000 2005 2010
‘ Population 2,799,534 | 3054490 | 3,366917 {
Census - .
Growth Rate 0.88% 1.97% o o
NSO Population 3,356,854 | 3,743,895 4,132,242 | 453,762
Projection | Growth Rate 221% | 2.00% 1.82%
NEDA Population 3,366,917 | 3,538,664 3' 719,171
PrOjeCﬁOn ‘Growth Rate 1.00% 1.00%

Notes: The 1995 population as of July 1995 was used as a basis for NSO pepulation pro_;ectron .
The NEDA populahon in 2000 and 2005 were estimated in lhe sludy

B 4,500 . . . —— ..A,,,,.._._...__. ,._..‘_. e

4,000 [— ' i
‘ —Census

3,500

3,000

2,300

2,000

1,500

: ll,C;GO .
1900_1910_1920 1930 1940 1950 1960 {970 198D 1990‘ 2000
o ’ . Year .

"""" %5-Based NSO Projection
- - — 95-Based NEDA Projection

Population {1,600capita) -

2010

Figure 8.3, 1 Past ((,ensus) and Projected Population ( prepared by
NSO and NEDA) of Region-Viil

{2) The Land Use Plan: Province of B:llran (Plannmg penod 1993-200?)
The provincial and municipal population for the year 2002 was pmJected wnh 1990 as
base year. The population growth rate by municipality experienced between 1980 and -
1990 was basically adopted for the projection. The provincial growth rate was 0.58%
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between 1980 and 1990. While the experienced and projected growth rates of Region
VIH arc 0.88 % between 1980 and 1990 and 0.95 % between 1990 and 2002.

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

uniform growlh rate between 1990 and 2002 referring to the expericnce from 1980 to
1990 (census years). ‘

“Table 8.3.2 shows il')e' past population developments in census years (1980-1995) and
projections for the yea'rs 1995 and 2002 with 1990 as the base year applying the assumed

growth rates for the perlod 1990 to 2002 in the said comprehcnsn.e Provincial Land Use
Plan.

Table 8. 3 2 Census Populauon and Projectcd Populatlon in Laml Use Plan

Note: * Population in 1995 was estimated using growth rate employed in Land Use Plan

Census Population o Land UsePlan o
ipality | © .- : ' - » Growth
Munteipality | * g0 | 1990 | SO | g95 Ot | 1995% | 2002 | “Rate
o] oeseassy 1] (1990-0998) ) e ] res0-200D)

Almeria 10,409 | 12013} . 1.44% | .- 13420 }:-2.24% | - 12,903 | 14,261 |- "1.44%
Biliran 10985 | 1LS31 ) 0.48% | ¢ 13,775 | 0 3.62% | (11,810 |°1.12,213'| - 0.48%
| Cabucgayan 13,034 | 15,246 | 1.58% | 16498 . ::1.60% | 16482 | - 18394 | 1.58%

Caibiran 17,004 | 17,596 0.34%| 18582 .- 1.10% | 17,897 | 18327 034%|
Culaba 99241 98221 -0.10% | 12,703 528% | 9,773 | 9,705] -0.10%
Kawayan 16183 | 15056 | -02%| 16424 1.75% | 14,522 13,805 "-6.72%
Maripipi 73719 . 6943 0.61% | 7,853 "~ 249% 6734 6451 -0.61%
Naval 26,499 |- 29811 1.18% | 32,954 202% | 31,612] 34317 1.18%
Province 101421 ) 118,012 ] 0.58% | 132,209  2.30% | 121,733 ] 127473 0.64%

Companng the: census and lhe pro;ccted populatlon in 1995 the provmc:al p0pulatmn

based on the census is about 9% higher than the pro_;ectcd Regarding the municipal

census populahon in 1995, all munlclpahhcs were higher with a range of 0.1% 10 30 0% -

companng with the pro_lec{ed figures. In addition to this, the province is presemly
updatmg its Land Use Plan usmg the NEDA projection based on the 1995 census

population. Thus, the future projection shall be made using the 1995 census results as
~ the base yeaf.



(3} Population Projecticn of the Province

‘The following conditions are considered in the population projection.

&gl_m_pulahon

For the regional populal:on in the study, the projection conducled by the NEDA Regional
Office may be adopled assuming (hat a rather conservative population growth will be
realized comparing witﬁ that of l.hc NSO projection.

1) The regional popu!zifio_n projected by the NEDA for the year 2006 is referred to for
© the Short and medium-term periods. The aunual growth rate of 1.00% belween 1995

and 2006 will bo adopted for the projccuon in 1998 and 20{]4 using the oompoundccl
formula wnth 1995 as the base year.

2) Forthe long'—fenn projcctioo._ it is assunted that the annual growth rates will decrease
gradually as adopted in ihe NSO projection. The annual growth rotos ado'ptcd in the
NSO pro;ccuon decline from 2 00% (2000 2005) to 1.82% (2005 - 2010} which
indicate that the rclahve reduction rate is 0. 09%. In this smdy, the same reduction

C ‘ ' - rate may be used to the NF'DA pro;ccted growth rato of 1. l}(}%l (2000 - 2005). Thus,

the popu]ahon in year 2010 is eslimatcd at 3 891 501 applying the growth rate of
0.91% from year 2(}05 The growlh ratos adopted in the study corrcspond to half of
the figures employed by NSO.

‘Yeat - Population ~ Growth Rate:

1995 3,366,917 ~ Census result
1998 3468938 1.00% (1995 - 1998)
2004 3,682,348 . 1.00% (1995‘ 2004y .
2005 © 3,719,171 . 1.060% (1995 - 2005)

2010 3,891,501 0.91% (2005 - 2010)

Provincial Populaﬁon . L _
In the NEDA projection, the regional population to be increased from 1995 to 2006 was
 distributed to each province in proportion to the share of the provincial population
increase to the regional population experienced between 1990 and 1995, In this study, it
is assumed that the tendency of the population growth by province will not drastically
s ' change. Thus, the same manner as adopied by the NEDA projection was employed both
| for shortmedium-term and long-term per iods in the population distribution from the

regional popu!auon to (hose for concerned provinces. The distribulion of the regional

8- 11



population to be increased to the provincial population was made between the respective

base/targel years.,

2010 together with the NEDA projcction.

Table 8.3.3 Projected Population of the Province

Table 8.3.3 shows {he projccicd population in ycars 1998, 2004 and

- NEDA Projection o :Pl'n);jekteil ll‘bp'ulation
Province - Population * Poputation Increase
1995 2006 .| Number. |- Share. .. 1998 '2_004“% 2010
Biliran 132,209 149,921 YNV 4.55% | 136,851 146,561 156,077
Eastern Samar 362324 | 403,509 | 41185 10.58% | 373118 [ 395,697 | 417.825
Leyte 1,511,251 | 1,689,501 178,250 | "45.79% | 1,557,966 1,655,686 | 1,751,458
Northem Samar 454,195 | 542,288 88,093 | - 2263% | . 477.282| . 325,571} . 572,908
Samar 589,373 | 658,859 69,486 17.85% |- 607,584 645,678 | 683,012
Southem Leyte ' 117,565 | 312,115 5,450 -1.40% 316,137 313,149 30,221
~Region 3,366,917 | 3,756,193 389,276 | 100.00% { 3,468,938 | 3,682,348 | 3,891,501

Municipal Poputauo o .
1} The total popu!atwn of the provmcc in 1998, 2004 and 2010 was ﬁxed

2) For the populatmn pro;eptwn by mumcxpahty, the same method cmploycd in NFDA

pl’Ojt‘CthIl for the distribution of regional population (o provmcral populanon was

applied. The provmcnal populahon to be mcreased in respective planning years was
dlstnbuted to each mumc:pahty in proporhon to the share of the populatlon ncrease of
each mumc:pahty to the prownctal total expenenced between 1980 and 1995 Tab!f:

8.3.4 presents the census results (1990 and 1995) and the pro;ected populanon of the
mumclpaltties

Table 83.4 Census Results and I"rojeded Populatioh of Municipalities

Census Result Projected Population

' . | e 1 1998 2004 2010

Munficipality 1990 | 1995 Pg:l:i:n 2,;;:::«. — ‘ _ _ -

: o ; Provinciay | Fopulation | GR Population | GR Population | GR
Alméria 1201 1 13,420 1,407 N;,‘w. 13,880 | 1.13% 14,842 II 2 1588 | 3 03%
Bilﬁan .53 | 1n7s 2,244 158% 14,509 | 1 .75_% 16,044 | .69 17,548 { 1.50%
Cabucgayan' 1524 | 15498 1,258 8.9% 16509 | 0.82% 17,769 | 083 18612 1 0.75%
Caibiran 11759 | 18,582 986 6.59% 18,504 | 057% 19,578 1 059 20239 | 0.55%
Culaba 9822 | 12,703 2,881 20.3% 13645 | 201% | - 15615 | 27 171546 | 1.96%
Kawayan 1505 | 16,424 1.368 9.6% 16871 | 0.50% 17,807 | 690 18.724 | o0ga%
Maripipi 6943 [ 785 910 6.4% 8151 | 1.25% 87131123 9383 | 1L13%
Naval 2981 | 32954 3,143 2.1% 33982 { 1.03% 35,133 | 1.03 32240 | G95%
Province 118,0 | 132,20 14,197 | 100.0% 136,851 | 1.16 146,561 [ 1.15 156,077 | £.05%

Wotes: Growih rates in 1998, 2004 and 2010 were caleutaled using compounded formul;.

8-12
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Population by Urban and Rural Area

1} Past population development

Table 8.3.5 shows the urban and rural population wilh growih rates in census years
(1980-1995) by munieipality. With regard 1o the ratio of the urban population of the
provinbe to the total poﬁulaiion, the provincial averages in 1980 and 19920 were
20.9% and 2%.1% and it increased to 27.8% in 1995. The provincial growth rate of
0.69% between 1980 and 1990 increased to 8.03% in 1995, While, the rural
population by municipality was deercased from 0.55% (1980 - 1990) to 0.52% (19%0
- 1995) as a provincial average.

Table 8.3.5 Past Population Development by Urb:;m and Rural Area

5980 ) 1950 - ‘ 1995

ottty ot | Sy |y | o | e | G | S | T | et | o8 | gw
Almeria 10,407 1,905 | 183§ veon3 | aud7 | v20% i 12.9% | 13420 25611 364% | 19%
Biliran 10982 | U358 [t s a0d0 | 1 | 35.0% | 13,795 ) 44991 213% | 127%
Cabucgayan 13,034 20641 158% |-15240 - 2333°F 123% ) (is3% | 16498 7023 | 24066% | 426%
g Caibiran 17,004 | © 4306 | :253% | 17,596 54017 :229% | 307% | 18582 | 5800 [ LM% | M2%
€ Culaba 9.924 3ATS | T25.0% o822 | 2,097 | T 04axs | 22w | 12,303 | 403 | 1L36% | 8%
g Kawayan wasy | ozl isese [ 8sx ) -70s% | o 5.7% | 16424 1835 16.56% | N.2%
Maripipi AT | 1A 198% | es | 1444 | 019% | 208% | 7,853 1AM ] 004% ) 1B3%
Waval . 26499 | Tsera [ ntan Tiagan 10 6361 | st | 213% | 32954 | (9520 | 240% 1 289%
Province iig2n | 23,288 | 209% | 108,01 | 24,856 | S 0.69% | 2% | 132,20 f 36,703 | 8.00% | 21.8%
Almeria 10469 | 8504 ] 817% | 12003 ] 9866 | 150w |:s2an| 13420 togs3]| 1.93% | 809%
Biliran 109559 4 7303 er3% [arsan | raon | 0a3% | &50% | 1373 9276 437% | 67.3%
Cabucgayan 13,034 | 105701 84.2% | 15,240 | 12907} 1.64% { 247% | 16498 9475 | -600% | 37.4%
§ | Caibiran 47,008 112,698 | - 147% | - 17,396 | 12195 | -040% | 693% | 18,582 |- 12,782 | 0.94% | "688%
2 [Culaba 9924 - 7445 | 750 | 9822 | 7445 | 000% |'1258% | 12,703 | 186601 - 3.09%] . £68.2%
95‘ Kawayan 16,183 | 14391 | €8°9% [ 15056 | 14,203 | 0.13% | 943% | 16324 | 14,589 | 054% | 3838%
Maripipi 7,379 5907 80.1% | 5943 5499 0t | 9% | 78531 - 6419 | A% | 81.7%
Naval 26493 | 20825 786% | 2981t | 23450 119% | 87% | 32954 23433 | 001% | 7.1%
Province 1421 ] 884331 79.0% | 11861 93056 | 0.55% | 789% | 132,20 | 95496 | 0.52% | 72.1%

GER. - Gmwth Rate

2)

Projection of urban and rural population for the years 1998, 2004 and 2010
The urban population by municipality for the target years was first projected and the
rural population was calculated to meet the aforementioned total population by fixing

the urban population.

In the projeclion of wmunicipal urban population, the following are assumed by

short/medium-term and long-term periods.

g§-13




«  ShorvMediom-tenn target: 1998 and 2004
Growth1ates between 1990 and 1995 in terms of the profile of urban population

to total population by municipality were baéica}ly adopted. However, for those

municipalities having drastic changes of growih rates between the two census
periods (1990 - 1995 and 1980 - 1990), the average growth rates between 1980

and 1995 were employed.  These municipalities arc Cabucgayén, Culaba,
Kawayan and Naval.

In addlllon some delﬁCathDS were made as fo‘llows

- Municipality of Maripipi; Population in 1995 was fixed for shor/medium-term
to avoid negative growth rate.

. Long -term targct 2010
For the long-term projection, the adoplcd share of urbanfmral populat:on in 2004
may be apphcd for the municipal pOpulahon in 2010, assummg that the share of

urban/rural population in the medium-term period will not drastically change.

Under thc above assumptmns the provincial average share of urban p0pulatwn for
thc year 2010 was arrived at 35 A%, higher than the ﬁgurn:s in 1995 (27.8%) and g
1990 {21.1%). Table 8.3.6 presents the projected urban and rura} population. The.

growth rates and shares on rural population were calculated using the estimated rural

population.

Table 8.3.6 Populatmn Pro;ectlon by Urban and Rural Area 1998 2004 and 2010

: L 1993 RPN B - 1004. N E R TT .
Munielpality - Urban/ GR. Shhrt S Urban/ | GR. | Share | Urban/ | G.R. | Share
t . > " ey | Fotal : U B et

SR Total | morat w1 "™ | reet [ om0 [T | Rt Jom o ]
| Almeria 13,880 | 2857 D363 | 206% | ez | o34 fAsd | oman |oasaes | 3768 | 103 | %]
Biliran - 14509 | - AT 1218% | 324% | 16048 1 - 3460 {207 | MO0% | 12548 10 5972 | 1.51% |7 340%

« | Cabucgayan 16,909 8972 | 853% |53 b 769 ] a4z | 850 | B2ag 1862 ] - 1S3 [Tk | cRdn -

}é Caibiran 18504 | sos3 [ ra3nl oo [958 | s 0y | | 20239 ] o 6316 | 08e% bio33.9%

e | Culaba’ - | &5 {7 aadr [330% [Tozen [ses | TUsam [ 330 0 Men | cinsde | isom | 1es% | 346%

§ Kaw'ayan L6811 1344 | 0oets | 109% ] ansor }oo 1882 f 006 | 105% | 18,724 1958 | o.84% | 105%

= Maripipi Saast g loeeyn [ e 8T | o 14 000 | 1E3% 9383 - 183 3% | 16k
Naval - A ke | wssejank| nan| wam 12988 [ 35t | 359% | a0 | 13345} oosn] 3s9%
Provinte 136851 | - 40565 [ 372 | 209% | w46 361 | Cosmsna { 403 | asavi | 156077 | s5198 | 103% | 354%
Almeria . - 13,880 11,003 [ 052 [ 2904 1 1ema2 ] 7 31302 | 0.2 760% 1. 15785 | © 00|03 | t61n
Biliran - 1509 | 9710 7 154% 1 669% | 16044 | 10584 ] 148 65.0% | 17341 576 | 150% | - 66.0%

« | Cabucgayan 16905 | - 19337 | - - | 469% | 1779 |, - 307 B A R S D

¥ Caibiran 13,904 12851 | 0an% | 680% | 19578 | 12985 | oy 663% | 20.23% 13473 | Bss% | 3%

.';‘é Culaba - 13,645 od98 | 1e0% | sran | 55| oz i e5.a% | 12546 | e | 196% | es4n

5 | Kawayan 15,671 15027 | 099% | 893% | 12307 15545 | 0.9 895% | 18724 f6.766 | 084% | 8%5% _
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34
8.4.1

Types of Faeilities and Emplementation Criteria

Water Supply

{1} Urban water supply
With regard to devetopment/expansion of urban water supply by municipality, existing
conditions, futurc requirements and planned/on-going projects were reviewed in
preparation of this PW4SP, Ifotcnt{at water soﬁrc_e for future devclopment was also
c;'atuated in Chapter 7, taking into .écc'oun't_ the possibility to uiili:zc untapped spring
sousces. Location of urban area of respective muhicipaliticsfcity iva;s fcferrcd'tb Figure

- 34.1in Chaplcr 3. Table 8.4. l presents basnc ﬁgurcs on cxistmg service coverage, water
sources and future requirements. '
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85 Service Coverage by Tavget Year
8§51  Water Supply

{1) Population to be served by Level I facilitics under ADB-assisted projeet

‘ With rcgard to the dmclopmcnl of rural water supply by mumcnpaltty, the ADB assisted

Rural Water Supply and Sanitation Sector Pro_;ect (RWBSP) plays a major role in the
medmm term p?an of PW4SP. To set up the target, additional population to be served

- under this project shall be given due consideration.

Physmal targels _ -
Physical targets for rural water supply ate constmction of shallow well (6 units), decp
well (36 units) and dcveloped spring (34 umts) in the whote provmcc A total of 76 unils

were allocated by the province to the recipient municipalitics as shown in Table 8.5.1.

Tabie 8.5.1 Proposed Number of Facility to be Constructed under ADB-
Ass:sted RW3SP (1999-2001) -

Implementation of the pro_;ect was originally scheduled to commence in 1997 w:th 5

~ years implementation period (1997-2001). However, the construction of the facilities has

not yet started as of now due to delay of fund release. In addition, delivery of the
required materials has not completed for the 17 year allocation. Thus, the above physical
targets under the ADB-assisted project may be a major part of the requirements in the

medium-term 'plan (year 2000 - 2004).

Additional population tg be served: _

The additional population to be served under the ADB-assisted project is assumed at
6,840 persons based on the fofal number of phyéica! targets (76 units) applying served
population of 90 persons per one Level | facility (serving 6 persons/HH x 15 HHs/unit).

8-24

' Municipality Class _Sh\:}i(::v Deep We}l Dggilir:lgcd Total
Almeria : 5th Q 0 2 2
Biliran Sth 3 0 0 3
Cabucgayan Sth- 3 3 4 10
Caibiran : 5th 0 0 15 15
Culaba - Sth 0 5 4 9
Kawayan ° 5th 0 3 6 -9
Maripipi 6th 0 25 | 26
Naval 4th L ) 2 2]
Provincial Total Ath 6 36 34 76
Q“.LLCN.._SWL



(2} Population to be served by target year
Fdr urban arca, the additional service coverage was estimated by Level HI service, Fou
rural area, the population to: be served vnder the ADB-assisted project is the farget of
rural water suﬁpiy. The additional setvice coverage by Level I system was not

considered, since FLevel I sysléms with untapped springs were not included in the ADDB-

assisted project.

Phase 1l

For urban atea, the populauon served by Ievel I and 11 faollmcs in the basc ycar was
cons:dered to be absorbed by Level YIT service BSlde from the additional service coverage

to be est:matcd by the sector target For rural area, all cxlstmg facilities in Phase | were

assumcd to be utilized throughout the future.

“The population to be sc.r\‘f'cd by targét year is exhibited in Table 8.5.2and Table 8.5.3,
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5.5.2 Sanitation
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8.6 Facilities, Kquipment and Rehabilitation chnircd (o Mect the Yarget Services
8.6.1 Water Supply

¢)) chuircd water sn.'rpl)l)" facilities Q

Urban watex sumgix : o o
Urban water supply facilitics required by target year shown in Table 8.6.1 were ¢stimated

as the required number of house connections bascd on the additional service coverage.

As réfercnce the follm&iné requircments iverc also estimated:

- daily avcragc water demand at 100 Iped cousumphon rate, and o R

- number of decp wells to mect the daily maximum water dcmand based on the
groundwatcr produchwty

(datl) maximum water demand == l 3x datly averagc water dcmand)

']nformahon pertannng to the cxpansnon plan of Leve] lli systcms was anangcd and
mdtcated in Table 8. 6 1 and the details prcsented in Table 8.6. 2, however, requlred data
- were not avallablc durmg this PW4SP prcparatton

Rural watcr sunplv

Rural water supply famlmes reqmred by target year shown in Ta’ole 863(a) were
‘estimated as the numbcr of Level 1I systems with number of communal faucels and the g
nﬁmber of Level T wells brbkcn-down to dcep and shallow wells. However, Level 11
systems shall be excluded from mcdlum term plan due to the absence of Level Il prO_]f:ClS
under the ADB-assasted pro;ect ‘
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Table 8.6.2 Plan for Expansion of Existing Level HI Systems

Name of Municipatity

Name Qf bperpﬁng Body

Additional Arcas
Baranpay (o be
Covered

Additional

Population to

be Served

Additional Water |
Sonrces

| Capacity

(m’/day)

Type

Almeria

Almeria WWS

Biliran
Cebucgayan

LGU-Biliran

Silio Naga WWS

Carbiran

Caibitan WWS (Palanay)

Caibiran WWS (Victory, clc.)

Municipal Total

Culaba

Bool RWSA

Culaba Central

Kalipayan’

Pinamihagan .~

Municipal Total

Ka\‘\:ayiﬁf B

Baganito

Balits WW .

Bilwang WW

Bulalacap WW

Burabod WW

Inasuyan " -

K. ansanoc WW

Madao WW

Mapuyo WW

Masagaosao WW

Masagongsong

Poblacion WW

San Lorenzo WW3S -

Tabunan-Notth

Tubig Guinoo WW

Tucdao WW -

Ungale WW

V. Corngjo WW

Municipal Total

Naval (Capital)

Naval WD
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8.6.2 Sanitalion
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