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Appendix 2. Infiltration Galleries

1. Introduction

Riverbed water is one of the most important water sources presently
tapped in the Ilocos Norte area, and more riverbed water is to be developed
for water supply. So far three infiltratioh galleries have been constructed
and are in use, and a.fourth is under conétruction. Considering the impor-
tance of riverbed water and with an aim of exploring possibility of future
utilization of the source, a field investigation including water quality
test was conducted in the latter half of July, 1981. The following is

findings of major importance of the investigation.

2. Infiltration Galleries

Main features of the infiltraticon galleries are as follows, of which

constructions ave shown in Fig 2.

1) Ermita Infiltration Gallery
Construction: 1959

Pump capacity: 1.9 cu n/min = 2,700 cu m/day; present overation

0.6 cu m/min ¥ 19 hrs = 680 en m/day

Present _
conditions: Perforated pipes were originally placed without joints,

with an end of one pipe being closely placed to an end
of the next pipe. Some pipes seem to have been flushed
away by floods; presently the collection well takés in

surface water of the river.
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Water quality: Water taken in has turbidity'and'also some pollution
due to intrusion of contaminated groundwater by domes-

tic waste water.

2)  west Riverside Infiltration Gallery

Construction: = 1969 (Initially without perforated pipes)
1978 (Perforated pipes were added)

‘Pump

_capacity: 1.5 cu m/min = 2,160 cu m/day; present operation
0.85 cu /rin X 19 hrs = 1,080 cu m/day

Present .

conditions: Present intake capacity is lower than designed.

Water quality: Polluted groundwater seems to be mixed with the

gallery water.

3) Bacarra Infiltration Gallexy

Construction: 197¢

Punp ‘

capacity: 2.8 ¢u m/min = 4,030 cu n/day; present operation
1.4 cu m/rin x 19 hrs = 1,600 cu m/day

Present :

conditions: - All facilities are in good order.

Water quality: No abnormal conditions are found.
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4) vintar Infiltration Gallery

Construckion: 1981
Present . K
conditions: Construction of the facilities is completed except

the pump facility. This system is not equipped-with

perforated pipes.
3. Analytical Results of Water

3.1 Analytical Results

Major points of analytical'results of infiltration gallery water and

river water during the survey are as follows:

a) Infiltration gallery water

{1) Ermita gallexy water had a high value of turbidity such as
ld to 20 mg/1, when the river water waé turbid by rainfélls.

(2) Ermita and West Riverside gallery water had 1,500 to 2,500/ml
bacteria and over 500/100 ml coliform groups.

{3) FErmita and West Riverside gallery water had high conductivity such
as 650 to 935 Wj/cm. .

b} River water
{1} Conductivity of the Lavoag river water was bhetween 220 -

330 1/cm. B
{2) Turbidity of the Laoag river water was from 22 to 50 mg/l.
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The fact that the Erimita and West Riverside gallery water contained

higher conductivity than the river water suggests that theé gallery water

is mixed with water from other sources. Therefore, groundwater which might

inflvence the gallery water was sampled and tested. The test was made by

sampling from shallow wells located in Laoag City. The results were as

follows:

¢) Groundwater

(1) Conductivity of shallow well water ranged from 410 to 1,850 pU/ém
as shown in Fig 1. Values of conductivity are high in the
central area of the poblacion and lower gradually toward the
periphery of the area.

(2) Turbidity is not contained in the shallow well water.

3.2 Considerations

a)

b)

<)

Turbidity of Ermita Gallery water may be cavsed by direct introduction
of the river water into the perforated pipe or the collection well

which was built in the stream.

High conductivity, chloride and hardness of the gallery water are
supposed to be attributéble to inclusion of groundwater from the hinter-
land. That is bhecause i) the shallow well water near the galleries
showed higher conductivity, and 2) the structure of the pump well and
the connection pipe between the purnp well and the collection weil is

designed to allow in the groundwater.
A trial calculation was made to know the mix ratio of the riverbed water

and the groundwater based on the valueé of conductivity. The results

of the calculation show that the mix ratio is about 1 to 1.
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b)
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Quality of the shallow well water indicates that the groundwater in
the area of the Laocag City is highly polluted by domestic waste
water,
Reconmendations

Regardiﬁg the pregent utilization and future tapping of riverbed water,
following are recormended. BAmong others, chlorination is essential.
Erimita Infiltration Gallerxry
It is advisable to'move the existing collection well together with
the infiltration pipe from the present site in the main stream to
the sand bar that is always cxposed except time of flooding in order
not to take the surface water ({(Ref, Fig 1}. cChlorination is indis-
pensable all the time. Water guality should regularly monitored.

West Riverside Infiltration Gallery

Chlorination and water quality monitoring should be practiced.
Bacarra Infiltration Gallery

The same recommendation for the West Riverside Infiltration Gallery

applies to this,system.
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D) 'CONDUCTIVITY VALUE OF SHALLOW WELL WATER
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¥Fig 1 pistribution of Conductivity in Laocag Area
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Appendix 3 Water Pressures on the Transmission Line

Water pressures on the transmission line were checked in the field
survey to know the delivery quantity as well as conditions of the pipeline

on 27th July 1981,

The time when the inveétigation was made was during a rainy
period, and so the yields of springs were plentiful. At the intake

there was a sizable overflow.

As shown in Fig. 1, pressure drop in section (1} is abnormal,
and that in other sectlons appears to be generally ‘normal. In
sectlon {1), large leaks were found and further there were some points

where air was being sucked from holes pitted in the pipe wall.

Calculated flows of each section are shown in Fig. 1. For calcula-
tion, ¢ value was taken from the yethodology Manual of LWUA, and another
trial calculation was made assuming a different C value that was consi-
dered apﬁropriate. The flows thus calculéted are also shown in the

same figure.
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Appendix 4 Variation of Watexr pressure in Lacag

To investigate 24 hours pressure varjation in the distribution
networks in Lacag, the Team made pressure recording at 4 locations as

shown in Fig. 1 and 2.

The pressure recordcr was set at R-1 in the riorthern part and R-2
in the cénter of Laocag pob1a01on, respectlvely, which are located near
the ma1n transm1551on plpellne from the Ligao reservoirs. The records
indicated almost same variations, although they had different value of
pressure. ‘The highest vaiue of R-1 aﬁpeared in the period 12:00 noon’
-~ 2:00 P.M,, about 1.8 Eg/éq;cm, and always had enough water pressure.
However, R-2 had no pressure in the period 1:00 A.M. - 10:00 A.M.

On the other hand, R~3 and R-4 were selected in;the castern and the
western part of pcblacion, respectively. R-3 and R—ﬁ had 1low pressures
through all_day; Since thé location of R-4 is near the West Riverside
infiltration qalléry, the pressure'value varied according to the pump-
ing hours, namely, the preSSﬁre starts to rise at 5:00 A.M. and fall

at 11:00 pP.M.
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Appendix 5  Study on Water Souxces

1. General

Study Area: 'Laoag City and the municipalities of Pasuguin, Bacarra,

Vintar and Paoay.

Purpose of Study: to investigate possible water sources of surface

water and groundwater for the use of the Water District.

Method of Study: reconnaissance in the field, analysis of Ehe.existing

data and geoclectric resistivity survey.

Period of Field Investigations: July through December, 1981,
2, Topography

The survey area has four typical topographies: dunes, alluvium, hills
generally ranging in ‘elevation from 30 m to 60 m, and the Ilocos Mountains,

of which the highest is about 560 m in zlevation.

" The dunes stretch along the seashore area, especially developing in
the direction of bacarra to Pacay. The dunes can be classified into tw6
groups; one is of recent deposits and the other is of an older origin, érobably
formed after Pleistocene. The old dunes form the hills of 30 m to 80 m iﬁ
elevation and have a shape like a narrow belt along the coastline.
Alluvium extends over a vast area in Paoay, and along the Rivers in

Bacarra and Laoag. The alluvial plain slopes down gentiy seaward.

The hills have many small valieys and géntle slopes, which show that
the hills have easily been eroded. The contour lines, therefore, are irregﬁlar,

as shown in Figs 1 and 2.
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The mduhtaiﬁs-exiét in the northern part of Pasuquin., Their elevations
are high and slopes are steeper. The mountain area has many small streams
which drain'directly‘into the sea. The to?ography, as shown in Fig 3, shows

that the formation of these mountains is hard to erode.
3. Geology

The study area has four types of geology, namely, the duhés, the
alluvium, the hills consisting of Pliocene-Pleistocene formations, and
the nountalns formed of Cretaceous- Paleogene 1gneous rocks. The classification

maps of topography, Figs 1 to 3, also explaln these geologlcal boundaries.

The preSent geological suxvéy is cartiédIOuﬁ in connection with
the stﬁdy of the groundwater conditions, which include stfucture of
groundwatexr basins, aquifers and_ﬁater quality, in Paoay and lacag, and
springs in pasucuin. Therefore, geology is explained in the following

three areas; (1} Pacay area, (2) Laocag area, and (3) Pasucouin area.
(1} Paoay Area

The area is.dominated by dunes near the coastline. The old
dunes, as mentioned earlier, are widely distributed in the westside
area of Paoay Lake and the sdutﬁwast of Pabay.'They often form small
hills with an elevation of about:30 m. The dunes consist of medium

sand.

The alluvium is extensively distributed in Pacay and Batac,

and composed mainly of silt, sand and gravél.

The hiils about 60 m in elevation consist of Pliocene-Pleistocene
formaiionsq They are disttibﬁted in all areag around Pacay Lake except
the west part, and on the north and south side of_urban areas
‘of P&oay and Batac, Countless valleys exist in the=hills which have

been subject to subaerial erosion., Alluvial sediments cover these
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(2)

(3)

valleys. Pliocehe—?leiqucene formations are made up of clay, silk,

sandstone and gravel as.fdund in the field survey.
Lacag Area

The alluvium extends along:the Lacag River, and the hills axeé

distributed at its outer area on north and south of the city area.
Pasduin Area

The area is characterized by the mountains with high élevations

/ explain that they

and steeper slopes, The geological maps (1963);
are formed of Cretaceous-Paleogene igﬂebué rocks, however, the
geological structure is not simple. The geological structure of the
mountains from ﬁhich spriﬂgs flow out is‘échematiéallf shown in Fig 4.
Lavas occur in the higher: portion than about 200 m in elevation,

of the wmountains. The lavas'hava many veins of silexitebrunning in
randdm:direétions. In the quartziferous lavas, a few caves have been

formed nearly hofizontally{ The cause 6f their formation is estimated

. to be gaseous and/or hydrothermal actions.
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Fig, 4 The Geology and the Location of the Spring
of the Psasuquin Hountain '

{Topographic Cross Section Line X-Y is shown in Fig 3)
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4. Hydrology
4.1 Rainfall

- The'sthdy area has two pronounced seasons, dry and wet. Accotding
to the meteorologlcal observations in Laoag City, the area has an average

'annual rainfall of 2,098 mn (normal 1951- ?0)—/

with an extremely low
monthly average of 25 mm from Octcber to April and a very hlgh monthly

average of 383 mm from May to September.

4.2 River Flow

Prlnc1pal Rlver Basins of the Phlllpplnes (19?6)—/ shows that the
'Laoag River has a huqe river b351n with a drainage area of 1,319 sgq km
and an estimated annual run-off of 3,225 million cu m, and the Bacarra
River has 772 sq km of drainage area and 1,888 million cu m annual run-

off.

In this connection, Surface Water Supply of the Philippines (1963,
1966, 1967, 1969)ﬂ{‘presents more detailed data Qf'discharges dbserved at
the gauging station of the Laocag River, which are shown in the following

Table 1.

Table 1 Daily Average, Daily Maximum and Minimum
Discharges of the Laoag River {cu m/sec)

Years Daily Average Daily Maximum Daily Minimum
1963 3,819 © 4,200 6.2 '
1966 : 813 ' 112 6.5

1967 4,278 ' 6,400 6.8

1969 661 280 -
Average 2,393 2,924 6.5

AS-8
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The above observation data have fluctuations in a wide range in
monthly averade and daily maximum discharge every year; The Laoag ﬁiver
has a large monthly average discharge, 9 = 2,393 cu m/sec = 206.8 million
cu m/day. Daily minimnum avérage discharge Q = 6,5.cu m/éec =.561,600 ca m

/day is fairly large, though it looks small compared with daily maximum.

The Racarra River has no obsérvation'data..‘Its'discharqe;-thérefore,
is estimated on the assumption that the R%VOI has the sameé specific run-
off as the LabagiRiéer. Theé diSCharges of the Bacarra River are assumed
to be Proportiohate Lo the drainage area. The monthly average, daily

maximum, and minimum discharges, thus estimated, are shown in Table 2.

Table 2 Estimated Daily Average, Daily Maximum and
. Minimum Discharge of the Bacarra River { cu r/sec)

Years _ Daily Average Daily Maximum Daily Minimum
1963 2,235 2,458 3.6

1966 475 69 3.8

1967 2,504 3,745 . 4.0

1969 386 573 -
Average 1,400 _ 1,711 3.8

The Bacarra River also has large discharge, of which the daily nini-

mum average discharge is ¢ = 3.8 cu m/sec = 328,320 cu m/ﬁéy.

The Lawa River, which flows in Pacay and Batac areas, has a drainage
arca of 188 km?, The daily minimum discharge is estimated using the
same calculation procedure as that of the Bacarra River under the same

assumption. The discharge calculated is 0,90 m3/sec = 77,760 m3/day.

AS5-9
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4.3 Groundwater

ﬁhe.gfoundwater conditions in the alluvial area of Paocay and Iadag,
together with springs in Paocay, Vintar and Pasuguin are studied,

respgctively, as below.
{1} Groundwater Conditions in Paoay

Regarding groundwater conditions in Pacay, locatidné'of wells
are shown in Fig 5, details of wells in Table 3, and columnay
sections of wells in Fig 6. From characteristics of the groundwater
cohditions and for convenience of explanation, the Paocay study area
is divided into four areas, that is, 1) Paocay poblacion and its
vicinity ( Pacay area )}, 2) Batac poblacion and its vicinity ( Batac

" area), 3} an area east of the lake ( lake area ), and 4) an area
covered by dunes north of the lake { dune area ). In the following,
features of the groundwater ﬁonditions in four areas will first.be

described, and then consideration will be givén on them.
1} Pavay Area

a. Average concentration of salinity is about 180 ppm as c¢hloride in
shallow groundwater, approximately 1,000 ppm in deep gretndwater.

b. Formations ranging from O m to 8 m are composed ¢f clay and/or
clay Qith sand layers ( as an exception, columnar section of
Ko. 11 well.which is close to the dunes lacks clay ).

¢c. Formations ranging from 8 m to 43 m are made up mainly of sand

and gravel, and are pervious.

2) Batac Area

a. Water quality in shallow groundwater is similar to that
in the Pacay area.
b. Formations consist of alternating beds of clay, sand and

gravel,

h5-10
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Table 3 Well and Spring Data in Paoay

Casmg : fell

Static*

Pumping*

River : 7-28-81

Saa“ﬁiim - Conduc- -1
of ] : Water Hater Discharge . . o Cl
Wells Date Dla:rgte; Bcpth Iewl Level tivity .
prilled Wells | : : i
3 7-25:81 150 mm . 67.07M S.49M 28.66M  2.65 lps wion 1.5 22,5 pom
2 7-25-81 150 47.78 2.44 10.22 6.25 7.37 2.5
3 - 150 33.10 14,02 15.85°  7.63
4 200 . 36.59 4.57
5 200 9.15
6 100 9.76
7 . 150 42.68 800
8 150 L 42.68 )
g 150 42.68 1.52 9.15 9.02 1,310
19 150 70.12 4.57 12.2 11.04
n 150 78.35 4.88 13,72 3.6
12 150 66.98 4,57 23.48 3.72
13 150 91.46 1.22 9.76 4.42
14 150 17.74 1.83 9.76 4,29
15 200 32,0 4.57 7.93 17.7
16 . j 150 91.5 0.91 6.40 6.72
17
18 100 10.67
19 160 10.67 2.44 2.74 0.50
Dug kells
1 7-25-81 10.95 5.81 360 7.8 10°
2 7-24-81 7.92 10.23 1,900 7.85
-3 1,000 - . : 7.65 255.5
4 7-24-81 6.35 1.56 2,460 7.62 395 -
5 7-24-31 1,060 6.16 1.40 1,700 7.65 122.5
6 7-24-31 .44 0.49 1,950 7.7 165
7 7-24-81 2,050 _ :
8 7-24-81 0.48 1,750 7.6 125
rings
1. 7.37 7.5
2 7-27-81 550 10
Other Sources
CLAWARE . _
806 7.7 130

& Static Water Level -(G.L. Miris)
- punping Water Level (G.L. Minus)

Caa Sampled near the Pacay Poblacion

A5-12
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3) Lake Area

a. Water guality of shallow groundwater in the east area of
the lake is similar to that in the Pacay area.

b. The above-mentioned groundwater is in the small alluvium
foxrmed by erosion eof the hills.

c. Shallow_gtoﬁndwater in Né. 1 well, situated within 50 m

from the lake shore, has low salinity.
4)  Dune Area

a, Deep groundwatér has low salinity, 2.5 ppm and 22.5 ppm
as chloride.

b. Formations to 67 m in depth consist mainly of sand.

Of all the above descriptions, significant aspects with regard to

to groundwater are summed up as follows;

1) Groundwater in deep wells in the Pacay area has salinity of
average 1000 ppm. '

2) The salinity of shallow groundwater is fairly lower than that
of deep groundwater.

3) 7The groundwater in the dunés has low salinity compared with

the groundwater in the alluvium.

As is known in the above, shallow groundwate; can be used for
drinking, but deép groundwater, if its utilization is required,
nust further in detail be investigated. With regard to salinity,
such aspects as its concentration, its distribution over the
area and others give constraints to the use of such groundwater.
Among such aspects, the cause of salihity has a bearing on the
future variation of salinity, so some consideration is given to

conceivable causes as follows.

A5-15



Ilocos

(2)

. Though shallow and deep groundwater in alluviﬁm'has fairly
diffeiént sélinities, its origin is considered to be same, For
existence of salinity in‘fhe'qroundeter,'three'potential causes
will be mentioned,.namely; (ll_salt transbbrted from the séa_by
winds, {2) intruéién of.sea water, (3) c¢onnate waterx. The first
causes will be negated because salt particles are not trénsported
far into inland afeés, falling only on scaside area. The second
causes will alsoé be negatead, for the ﬁafer'level of the shallow
grdunﬂwater is above sea level, Finally, the third cause may be
very probable. As menticned in the previous paragraph, salinity
in the shailoﬁ groundwater is fairly lower than that of the deep
groundwatet; This fééf can be estimated as follows: Iis may be
due to the fac;s that the connate water in the shallow portion has

been diluted by rainfall,
Groundwater Conditions in Lacag

The groundwater gonditions in the alluvium distributed along

the Laocag River are examined., The area has many deep wells sunk

by Ministry of Public Works. Locations of the wells are shown
in Fig 7, details of the wells in Table 4, and columnar sections

of the wells in Fig 8.

The columnar sections show that the alluvium consists mainly

of the following geologies.

1) Layer of sand, and clay or silt is in depth from 0 m to 5n.
2) Layer of sand, sand and gravel, or sand with clay is in depth
from 5'm to BO m.

3) Bed rock ‘is 80 m in depth.

The sand, the sand and gravel, or the sand with clay or silt layess
belong to the alluvium. The bed rock is assumed to.be the silt and/
or the clay layers of Pliocene-Pleistocene from geological structure

in_the’study area.
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_The deep wells have.strainers in the alluvial deposits. Their
static water levels are shallow xanging 1.2 m td 3.2 m below the
ground level. Groundwater 6f the area.is.ih unconfihed'conéition.
'uater quality of representative wells shows that chloride concentra-

tions are within the range of portable water.
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{3) springs

As regards springs, small spring is located in the hill in
Sta. Cruz, south of Pavay. As its catchment area is very small, the

yield is not much.

In Vintar and Pasuquin, theré are many springs with much discharge,
such as the Barangobong spring in vintar, the Dilumot, Bararin and

Mangangori springs in Pasuguin,

The springs are found in caves, which are described in 3.
Geology, in fhe mountains in the north of Pasquin, One of such caves,
the Bararin spring, has the following dimensions: roughly, 4 m in
width, 2.5 m in height and 13 m in length. As the caves have many
fissures running in every direction, much groundwater, it is considered,

seeps out in the caves.

The discharge of these springs reflects with a good response

the changes in precipitation which finds its way into the fissures.
4.4 Lake

Paocay lake is situated in the northern part of Paoay. It has no streams
of inflow and ocutflow. The area of the lake is about 336 sq km and the water

level is around 23 m above sea level.

The depth at five points in the lake, measured in the present field
survey, is shown in Table 5 and a fathogram of the lake in Fig 9,
As seen in the table, the biggest depth measured is 5.6 m, and the

larger part of the lake has an almost constant depth,

The lake is surrounded by the dunes on the west and by the hills of
Pliocene-Pleistocene formation in other areas. The lake water is recharged
by surface run-off and groundwater from the hills in addition to rainfall,

evaporates from the lake surface, and infiltrates throuch the dunnes into the
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sea. The catchment area of the lake is shown in Fig 9, and topographic
cross section of thatin Fig 10. The catchment area is not large. Due to
the poor aquifers of Pliocenc-Pleistocene formations and the small catchment

area of the lake, the water level of the lake goes down in the dry peried.
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Scale: 1:50,000

PAOAY LAKE & WATERSHED

Table & Water Depths (Se¢e above Figure)

Point No. Depths
1 5,6 m
2 5.1
3 5.2
4 4.5
5 5.5
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5. Hydrogeology

As was stated in 2. Topography, the study area is formeéed of dunes,

alluvium, hills and mountains, Since the hills consist of .the old formation

of.Pliocene—Pleistocene, they have genérally no good aquifer.

- The alluvium is composed mainly of silt, sand and gravel, and has

- good aquifetsl'ln the present field surveys, the condition of agui fers

was studied in empioying geoelectric resistivity survey in Pacay and Laoag

as follows:

(1)

The Paocay Area

The measured point, and the contour line of the base of the

atltuwium revealed by the surveﬁ are shown in Fig 11, The gdeepest

portion of the alluvium is from 30 m to 40 m below sea level in the

ﬁ—s direction reaching the urban area of Pacay and Batac. The depth
of the base becomes shallower approaching the hills of the Pliocene-

Pleistocene formations.

Ahalytical results of the geoelectric resistivity survey are

also shown in Pig 12. The alluvium (Ql) extends with a thickness

_from 40 m to 70 m and is underlain by the Pliccene-Pleistocene

formation (N-03) in the A cross section. In the B cross section, the
alluvium is overlain by the dunes with a éhickness from 13 m to 15 m
in the west of Paoay., The alluvium has a thickness of 24 m to 50 m
and are bordered by the hiils of Pliocene-Pleistocens fOrmafions. In
the C.ér055'section, the alluvium is underlain by thé uppér formation
of Pliocene-Pleistocene (N-Q2), forming the hills. The alluvium has

a basin elongated in the N-§ direction. ﬁhe groundwater, it is
éonsidéred,.is racharged from the hills and stored in the basin, and

flows toward the sea. From the large extent of the alluvium, the

. groundwater storage is considered to be enormous. The groundwater

is at present undeveloped and left for future exploitation,
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{2)

The dunes are made up of medium sand and have high pérmeability.
Aquifers found in the dunes have groundwater with good water quality,
as stated before in deep wells north of the lake. But the availability
of such grbundwa;er is not much, because the catchment area is quite

limited between the sea and hills.
The Lacay Area

The location of the resistivity survey is shown in Fiqg 7, The
results of the survey show geological structures of alluvium as

follows:

1) 1ayer of sand and gravel is in depth from Om to 4 m.
2} Layer of gravel and silt is in depth from 4 m to 20 m.
3) Layer of silt and/or 61ay is in depth more than 20 m.

The sand and gravel layer is of the same origin as the sediments
of the present riverbed; the gravel and silt layer belongs to the
alluvium, and the silt and/or the clay 1éyer is of sediments of

Pliocene-Pleistocene.
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G. Evaluation of Water Resources

6.1 Rivers

The river water of the Laocag and Bacarra is one of the important
water sources for water supply. CUrfently, riverbed water is tapped

from the two rivers, by means of infiltration gallery.

Both rivers have each a vast drainage area and great discharge.
The diséharges of the two are 561,000 cu m/day and 328,000 cu m/day,
respectively, even at their minimum. Furthermore, the two rivers have
wide major bedé which are composed maiﬁly of sand and gravel, and exposed
all the time only except occasions of flood. Such beds are suited for
intake of riverbed water. They are conveniently located fairly close to

the densely-populated poblacions in the study area.

As for futurc utilization of the Lwo rivers for water supply, their
riverbed water is most promisiﬁg. The riverbed water will be taken by
way of similar structures to the existing infiltration gallexry. A well-
designed infiltration gallery will possibly prodiuce more water Lhan the
existing one, and the water quality will be improved by locating such-
structures at an appropriate place and designing a more elaborate

construction,

Further, possibility of the Lawa River as a water source for water
supply is examined. The estimated daily minimum discharge is 77,000
cu m/day. The quantity is enough for requirément of water sﬁpply. Also,
the chloride concentration of-the-river water measured during the field

survey was 130 ppm, which is within drinking standard.

Therefore, it is considered that the river has a possibility for
utilization of water supply. Before the actual development of the river
water, measurements on the discharges and the watér qualities will be

needed by following reasons,
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(1) The area has an extremely low monthly average precipitation
of 25;mm during dry.season; The season will often have no
rain pefiod. Consequently, the discharge of the river water
will extremely decrease.

(2) The rivex may have water poiiution due to domestic drainage
from the.Paan and the Batac towns.

{3) Water qﬁalitf was examined on a rainy'day Qhen rainfall will

dilute the river water. - .

6.2 Springs

Characteristic featurées of springs in the mountainous area in the

north of the study area are summed up as follows:

1} Most springs'flow out of caves formed of guartzifercus lavas.
2) Such spfings are groundwater flowing through fissures,

3) Spring yields fluctuate with rainfalls. :

4) present usage from the spfinjs is roughly éQUal to the yield,

thereof in the dry seéason.

From the above, it is concluded that the present intake should be
continued. And it is recommendable to monitor continuously the  intake
quantity by installing a bulk meter at the start point of the trans-

mission line.

6.3 Pacay Lake
The lake is considered to be a potential water source for water
supply in the Paocay poblacion. Possibility, therefore, as a water Source

is checked in the following,

First, recharge of the lake is calculated using available data by

the following equation.
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R : Recharge of the lake ( cu m)

P : Precipitation { m )1 '2.098.
A;:  Catchment area of the lake ( sq m ) 11,660,000
Bt Annual open pan evaporation(l} { m ) 2.149
A2: Lake area {( sgq m ) ) 3,360,000
Ezz Evapotranspiration { m ) . 1,504
Ay Catchment area less lake area ( sq m ) 8,300, 000

By the above equation and data, recharge is calculated as R = 4;760,000
cu m/year. This recharge balances with the water volume which goes out

of the lake, as seepage, into the dunes located west of the lake.

As will be noted in the above calculation, a large amount of water,
about 5 million cu m/year is lost from the lake as seepage. ©On the
other hand, also Eo be noted, evaporatlon from the laké surface has a
far blgger value than evapotranspiration from the land surface. When _
therefore, the above facts are considered, there appears to be possibility
of taking water from the lake without affecting much the present use of
the lake. HNamely, 1) seepage water may be caught on its way to the sea,
or 2) lake water may be directly withdrawn, provided that (I) some area
of the lake is reclaimed so as to reduce the evaporation, or {Ii) some
lowering of the water-surface level is allowed so‘aé to decrease the lake
surface leading to reduce the evaporation. The above three altemative

methods will be checked as below.

(l)Precipitation dafa:_ the mean value ( 1951-75 )

Open pan evaporation data; the mean value { 1961-1965 }

5/

Source: Ilocos, Laoag River Basin™
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(1)

(2)

(3}

Seepage Water in the Dune

Water requirement of the Pacay poblacion at the end of Phase II-

is about 0,32 million cu m/year, less than a tenth of the seepage
water 4.76 million cu m/year, - The seepaée takes place all through
the dunes west of the lake, with some portion from the lake bottom.
This water may be trapped by way of shallow well or radial well
or infiltration gallery in the dunes, preferably where outcrops

of groundwater are found.
Direct Withdrawal I of Lake HWater

When reduction of loss of water by reclamation of the lake surface

is made to equal the water réquirement, withdrawal from the lake

is possible, maintaining the water level of the lake as it is.

For this method, an area of 0.5 million sq m of the lake has to

be reclaimed as shown in Calculation 1.
Direct Withdrawal I1 of Lake Watey

When the water level of the lake falls, the lake surface area

decreasés in proportion, resulting in reduction of loss of water

by evaporation. If such fall of the water lével is permitted

until the loss reduction egials the water requirement, withdrawal
of water from the lake is possiblé. The required drawdown of

water level is 81.3 om, as shown in Calculation 2,

When the above three alternatives are compared, the case 1 is

more preferable, because it does not'require any water treatment and

have any adverse effects on fishery in the lake, and further does not

affect aesthetically tﬁe SCenefy of the lake and its environment.

With regard to construction cost, the three élternatives are considered

nokt much different.
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For implementation of any one of the three alternatives detailed
investigations of facility design factors are essential. The case i,
especially, regquires hydrogeological inveStigations-to determine

necessary intake facilities.

Calculation 1. Area to be Reclaimed

The difference between evaporation and evapotranspiration is assumed
to be utilized by way of reclaiming a certain area of the lake. IF
this quantity is made equal to the necessary water withdrawal, the

following eguation will be formulated.

A (El— E2) =0Q

where

A : Area to be reclaimed (sq m)

EI: Annual open pan evaporation {m) 2.149
E2= Evapotranspiration (m) 1,504
Q : Water withdrawal (cu m/fyear) 320,000

Therefore, A is computed as 496,000 sq m.

Calculation 2, Drawdown of Lake Water Level

The area obtained in Caliculation 1 is equivalent to an area of the lake
surface to be dried up, which can be obtained by lowering the water

level by x m. Therefore, the following equation is formulated,

X a=»Aa
r
where
¥ ¢ Drawdown of water level

a : Decrement of the lake area by lowering water level,

which is expressed- as

a= (b, -a) /1 (12 /ra)
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where

A,t Original lake area (3,380,000 sq m)

Als Iake area when water level is lowered by 1 m
(2,800,000 sq m)

Ar: Area to be dried up (496,000 sg m)

-

From the above, x is calculated as 0,855 m.

6.4 Groundwatey

Groundwater conditions in the Paocay study area are recapitulated
fxom the deécription in previous subsections of 4.3 Groundwater and

5. Hydrogeology as follows:
1) Pacay Area

a. bDeep groundwater near the Paoay poblacion has é rather high
salinity of about 1000 ppm.

b. AVerage:concentration of salinity in shallow groundwater is
“about 180 ppm.

¢, Formations in deep portions form good aquifers.

d. PFormations in shallow portions make poor aguifers.
2} Batac Area

a. The salinity of shallow groundwater is similar to that in the
Paoay area.
'b. Formations are made up of alternating beds of clay, sand and

gravel.
Shallow groundwater in both the Paocay and the Batac areas is good

in water quality, but it is difficult to take groundwater in large

quantity from the clay andfor clay with sand layer.
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During the present field survey, it was found that the droundwater
in the Paoay poblacion which-is situated near the seashore is saline,
perhaps connate water. - Quality of groundwater more inland, howgver,
is not confiimed yet. From the estimated storage and.recharge(z) of
".groundwater in the aliuviai area, thezsalinity 6f groundwater in the
Batac péblacion and its vicinity may, it is considered, be possibly
lower. Thexefore, i€ is recommended tb carry out more detailed investi-
gations of groundwater in the said area by analysis of the existing deep

well water and additional test borings.
3) Dune Area

a. bDeep groundwater has low salinity.

b. Formations are mainly formed of sand.

The groundwater in dune areas has good watexr guality. Though its
recharge area is limited in only dune areas, the storage and the

recharge are estimated to be fairly large for widely distributed dunes.

As the groundwater is éonsidered to have possibility as a watex
source fbr water supply. . In future, hydrological characteristics in

dune areas is recormmended to be investigated in more detail.

(2)The storage and the récharge of groundwater in the alluvial area
are roughly estimated to& be 516 million cu m-and 112 million cu m,

respectively.
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6.5 Utilization of the Deep Wells in laoag

The possibility of utilization of the deep wells for water supply,
which have beén sunk by MPW but are not put in use yet, is examined as

described below.

The groundwater conditions from the previous section 4.3 Groundwateér

and 5 Hydrogeology are recaptulated as follows:

1) The deep wells have strainers in the alluvial deposits.

2) The alluvial deposits have a thickness about 80 m in the vicinity
of Laocag.

3} fThe alluvial deposits are underlain by the impervious Pliocene-
Pleistocene layeérs.

4) Sediments of thé riverbed and the alluvium are common and
continuously spread.

5} <he groundwater in the alluvial layers is in unconfined condition.

6) The water quality is suitable for water supply.

From the above, especially items 4) and 5), the ekisting wells will

possibly take in groundwater being recharged by the River.

Potential well yield is examined from the following two aspects,
{1) well structure, {2) well discharge calvulated from maximum inflow

velocity { well discharge ).

1} Well Structure

All the strainers of the wells are of slotted pipe made by torch-cut,
and besides some strainers are situated too shallow, so their
production will naturally be limited. If withdrawal is excessive,

running water level falls down below the strainer.
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2) Well Discharge

On assumptions that maximum velocity flowing into wells is 15
mm/sec, and opening ratio of slotted pipe is 3% of surface area,

maximum discharge {Q) is estimated from the following equation:

o
1]

- 2R X L x 0.03

A
Q =0, XV
where,
R : Radius of well casing
L : Length of strainer
OA : Total area of slot openings in slotted pipe
V : Maximum inflow velocity of groundwater through
slot openings
Q¢ : Maximum well discharge

.As'results of the calculation, maximum well discharge (Q) ranges

from 330 cu m/d to 660 cu m/d.

Taking into account all the above, the existing deep wells are con-
sidered usable for water supply. Allowable productions of the wells deter-
mined under conditions of 1) well structure and 2) well discharge as
shown above range from 330 cu m/d to 550 cu m/d. However, the actual
withdrawal of each Qell shall be examined in detail by the execution of

pumping tests during the stage of detail design.
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Appendix & Socio-Economic Study

1. Economy of the Study Area
1.1 Primary Industries

The study area, although becoming urbanized, basically depends
upon primary industries such as agriculture, forestry, fishery and

live-stock raising., (See Tables 1, 2 and 3).

1.1.1 Agriculture and Forestry

Agricultural resources in Laoag are abundant and the fertility
of the soil permits an intensive agricultural production. Approxi-
mately 37% of the total labor force in the city are farm workers,
and about 52% represents the portion of the population dependent on

agriculture for their livelihood.

Bacarra, Pasuquin, Paocay, and Vintar are also basically agricul-

Tlocos

tural municipalities, but they depend in part upon forestry. Particu-

larly in Vintar, 55% of its land use is directed to forestry. {See

Table 1).

The leading crops of the study area are rice, corn, garlic,

tabacco, mango, sugarcane and vegetables {See Table 4). Rice dominates

all other, but virginia tobacco is considered important as a money-
‘earning farming.
3
1,1.2 Livestock and Poultry
Live stock and poultry follow rice and other agricultural pro-

ducts both in value and guantity. They are more lucrative and are

contributing to augmentation of the farm income (See Table 5).
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1.1.3 Fishery

Fishery is a neglected industry in the study area. It remains
a small-scaled coastal fishing, with its catch insufficient to meet

the demand of the area (See Table 6).

1.2 Manufacturing

The manufacturing industries in the study area are mostly
cottage industries. There are 261 NACIDA® registered cottage indus-
tries with a total capitalization of B822,961 as of 1979. Most (232
establishments) of them are located in Laoag. The leading typeé of
manufactﬁringrare qud—pr6Cessing, food-preservation, ceramics,

wood-crafts and metalcrafts (See Table 7).

1.3 Comerce and Services

Commercial and service establishments in thé study area are
small-scaled and they amount épproximately 2,300 in number. Most heavy
trading activities center around the public market in Lacag, which
has been developed as the primary distribution center of the province
for agricultural préducts. Commerce ranges from wholesale to retail,
and its dealing covers agriéultural products and daily necessities mostly.
Typicéi service-establiShments are of such types as motor-repair shops,

restauranks, beauty shops and funeral services.

1.4 Income Distribution

The survey conducted by the National Census and Statistics
Office, Ilocos Norte, revealed that theé yearly average housechold income
in the Province of Ilocos Norte as a whole amounted to B3,226, while

that in theé urban districts to P3,648 and that in the rural districts

Note: ° National Cottage Industries Developnent Authority
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to 2,979 (Sce Table 8). No data were availabie as to the income'
distribution of Lacag and the four muniéiéaliﬁies under study, with
exception only of that for Bacarra which showed that the average house-
hold income in the municipality as a whole B2,850.04 in 1978, while
that in the urban districts B4,128.55 and that in the rural district
P1,890.00. '

1.5 Employment

Of the population 10 years old and over, those in the labér
force, as revealed by the 1978 Updated Settlement Profile, amounted
to 37.3% in Ladag, 40.2% in Bacarra, 35.5% in Paoay, 44.9% in Pasuquin
and 48,8% in Vintar. The unemployment rate in the study area ranged

from 1.5% (in Paocay) and 9.3 (in'Bacarra).
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Table 2 Employment Size, Ilocos Norte Province

(Pata Source: 1975 Population Census)

1) Agriculture, Forestry and Fisheries

66.7%

2) Mining and Quarrying 0.5%
3) ‘Manufacturing ' 5.1%
4) Electricity, Gas and ﬁater 0.3%
S) Construction 3.8%
6) Commerce 5.3%
7) Transportation, Communication and Storage_ 3.5%
8) Services 14.8%
Total 100.0%

Table 3 Workers By Major Industry

[Dbata Source: Socio-Economic Profiles of Bacarra {1978)

Pasuguin (1980) and Vintar (1980))

Bacarra

1) Agriculture, Hunting, _

Fishing 80.0%
2) Mining and Quarrying -
3) Manufacturing o=
4) Electricity, Gas

and Water -
5) Construction . 1.2
6) Commerce 2.6
7} Transportation/

Communication and .

Storage 2.0
8) Services 13.0
9) ©Not Adegquately

pPescribed 1.2

AG-5 -

Pasuquin’’

63.4%
4.2
2.6

1.2
13,0

Vintar

79.2%
0.3
6.5

2!3
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Table 5

a. No of Farms

b. No. of Animals

1
2)
3)
4)
5)
6}

7

Livestock and Poultry Animal Population, 1980

{Source of Data: Laoag City Devélopment Office and

Carabao
Cattle
Horse
Swine
Goats
Chicken

Ducks

1,843
3,160
504
4,246
2,131
67,775
594

Provincial  Exécutive Office, Ministry

of Agriculture)

Bacarra Paoa

y Pasuguin Vintar

No data 5 4 24
2,180 1,405 2,139 4,013
843 1,836 9,225 3,726
50 - 56 317
3,928 2,696 4,307 7,410
939 1,354 765 4,986
35,618 14,540 35,621 21,832
594 - 57 -

Ilocos
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Flshery

Table 6
' (Source of Data.

Laoag C1ty DeveIOpment Offlce and Prov1n—

cial Executlve Office, Mlnlstry of Agri-

culture).
o L Laoag  Bacarra Pacay Pasuquin vintar
1) Fishpond/Fishpen ‘
operation
a. Total Area (has)  30.8 2.0 1.5 - 22.0 -
b. Annual _
production (MT) 30.0 2.8 2.5  220.0 -
2} Offshore/Coastal
Fishing
a. Total tomnage
(fishing iy .
vessels) 1,495.2 - - - -
b. Annual :fish :
catch (MT) 1,744.0 - - - -
3} Inland Fishing
a. Total number ‘ o .
" (fishing boats) 516.0 - 24 24 . No data
b. Annual fish }
catch (MT) 1,032.0 - 40.0 No data 6,387.5
Table 7 Manufacturing Cottage Industries Registeréed with Nacida

as of 1980
(Source of Data:

NACIDA, Ilocoes Norte)

No. of Operators Employment Capitalization
Lacag 232 1,300  B752,061.00
Bacarra = 29 58 170,900.00
Pacay - - - -
Pasuguin - - -
Vintar No data No data No data
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Table 8  Income Distribution, Ilocos Noxte, 1980 7
{source of Data: 'National Census and Statistics Office,
Ilocos Norte) : :

Income ~ uyrban © Rural - Total
Class Percent  Ave. Value Percén;_ Ave, Vaiﬁe Percent : Ave. Value
Under P249 1.642 B 180 5.77% 118 4.24% . p 127
P250-499 6.27 - 408 5.77 425 6.1 418
B500-999 8.20 - 757  12.%0 727 10.91 736
P1,000-1,999  24.59 1,489 25.96 1,437 25.46 1,456
22,000-2,999  26.23 2,457 14.42 2,349 18.79 2,405
83,000-4,999 11,48 471 14.42 3,941 13.33 4,014
B5,000-7,499  13.11 6,365  12.50 5,764 12,73 . 5,993
B7,500-9,999 1.64 7,583 5.71 8,286 4.24 - 8,186
£10,000-14,999 3.28 12,680 2.89 13,096 3.03 12,930
- B15,000-1%,999 1.64 16,992 - - 0.60 16,992
£20,000-& over 1.64 25,200 - - 0.60 125,200
2:ir§3:i¥31“e £3,648 P2,979 83,226
EEE:

Average value ' .
per family P4,128 £1,890 B2,890
in Bacarra

Source of Data: Socio-Economic Profile of Bacarra, 1978.
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2. Social Background

2.1 Ethnical and Cultural Chéracterjstics-

The original inhabitants of the study area were told to be
predOmihantiy Maléys. Their cultural characteristics are, as other
'neighboring areas, largely iﬁfluenced'by the Spaniards who domminated

the area more than four hundred yéars.

The Spaniards found that the inhabitants of the area were diligent -
and orderly and had a district character and culture much different
frém their fellow countrymen in the South - - with a different dialect

called Ilocano.

Ilocano is now the major dialect of the study area, and is used

as the mother tongue by nearly 99% of the population (See Table 10).

The study area is one of few 1béélities wherein Roiman Catholic
outnumber Aglipayans {81,382 vs. 42,269), and this is considered to
be attributable to strong family-ana ancetral ties. As shown in
Table 9.10, however, this is overwhelmingly so only in Laoag and
Bacarra. In Paoay, Pasuquin and Vintar, Aglipayans outnumbef Roman

Catheolic (See Table 11},

2.2 Population Structure

As shown in Table 12, the study area has slightly more female than
males (48.45% vs. 51.55%), with exception only of Vintar (50.09% vs,
49.91%). More than half of the population in the area are under 20
years old (See Table 13), OGf the toﬁal population of the area, 67.31%

are living in rural areas and 32.69% in urban area (See Table 12).

AS-11
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2.3 Educational Attainmént Level

The edubational attainment level of the study area is among
the highest in Ilocos Norte Prbvince (See Table 14) . More than
half of the academ1c degree holders of the province are living in
this area, whxle its population 6 years old and over 1s no viore than
38. 43% of that in the prov1nce. This is partly due to the fact that
the area 1ncludes Laoag City, the pOlltlcal, economic and cultural
center of the pr0v1nce, whose academlc degree holders number 4,319 or

67.54% of the areas' total.

2.4 pDwellings

As the household-to-dwelling units ratio in Table 15 shows,
dwelling units outnumber the_hpuséholds in the study area, with
excéption only of.faday. It is reported that while the dwelling
conditions in Urban districts are getting tighter; ihe number.of

vacant dwellings in rural districts are increasing (See Table 16).

.AS showh“ih Table 15, éingle units prevaii iﬁ Laéag City and in
any municipality of the area. Dupleﬁ'type also ébohnd but there are
some apartments and other types of dwelllngs but a negligible number
of barong—ba;ong. From the v1ewp01nt of constructlon materials used,
most of houses in the poblacions are of strong and mix types, while
1ocal'1ight materials such as nipa, and cogon abound in the rural

areas.

“AG6=12



Table 10 Population-gzgﬁothérgTongué (Ethnic¢ Origin), 1975

(source of Data:

1locos Norte
Total

I1locano

Apayo or Isneg
‘Pagalog

Itneg or Tinggian
Chinese, Mandarin
Others

Laoag City
Total

* Ilacano

Tagalog

Chinese, Mandarin
Pampango

Others

Baéarra
Total

Tlocano
Tagalog
Ak lanon
Others

Paoay
Total

Ilocano

Tagalog

Pangasinan
- Others

Pasuquin
Total

Ilocano
Tagalog
Cébuano
Bicolk
Others

Vintar

Total

Ilocano
Tagalog
Cebuano
Others

371,724

365,239
1,843
1,415

719
390
3,961

66,259

64,856
581
343
110
950

22,118 _
21,943
54

24
97

15,994

15,902
33
22
39

16,258

16,018
104
29

24

83

14,142
14,072

13
34
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1975 Population Census)

(98.26%)

(27.89%)

(99.21%)

(99.42%)

(98.52%)

(29.51%)
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Table 13  Population by Age Group, 1975 _
{Source of Data: 1975 Population Census)

Classification Laoag ..Bacafta . Paocay Pasugquin vintar
All Ages 66,259 22,118 15,994 16,258 21,655
Under 1 1,678 586 . 337 - 425 585
1-4 6,716 2,352 1,532 1,799 2,332
5-9 . 8,448 3,004 1,907 2,191 2,885
10 - 14 7,924 2,831 1,876 2,090 2,706
15 - 19 7,070 2,387 1,581 1,684 2,161
20 - 24 5,796 1,684 1,158 1,227 1,546
25 - 29 4,596 1,410 962 1,044 1,334
30 - 34 3,854 1,330 929 891 1,263
35 -~ 39 3,643 1,213 - 859 951 1,252
40 - 44 2,790 " 913 705 665 242
45 - 49 . 2,464 940 701 599 883
50 - 54 2,606 832 728 609 876
56 - 59 2,168 634 690 529 779
60 - 64 2,147 646 623 494 754
65 - 69 1,630 567 503 383 525
70 - 74 1,277 423 435 335 394
75 - 79 597 261 205 169 210
80 - 84 360 114 125 105 115
85 and Over 375 96 138 128 113
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Table 16  Number of Dwelling Units Occupied and Vacant; 1980 :
(Souxce of Data: 1980 Population Census)

City/Munici pali_ty | : Total Oc.cu'gi ed gg_gé_n_g
Laocag 13,682 | 13;323 359
Bacarra o 4,712 4,559 | 153
Paocay 3,275 | 3,190 85
Pasuquin .3, 556" 3 ,406 . i50

Vintar o 4,689 4,581 108
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3. Infrastructure

3.1 Land Tfansportation

Laoag City is servéd'by three PAL flights per week which connects
the city to Manila. The city is also served by inter-provincial bus-

lines which connect the city with the rest of Luzon.

The study area is beiﬁg served by approximately 600 mini-buses
and jeeps which continuously plying various routes, and by nearly

1,000 motorized tricycles prdviding spot-to-spot transportation.

The main mode of transportation is that of motorcycles, followed
by tricycles and jeepeneys with a small percentage of the population

owning cars (See Table 17),

3.2 Roads

The road network of the study arca totals 1,250 kilometers.
National rQads extend 169 kilometers, of which 56.5 kilometers are
concrele or asphalt faced. The picture of roéd_condition in the
study "area looks favorable in comparison with other provinces

(See Table 18).

3.3 Waterworks and Sewerage

The study aréa is beihg served with a provincial water supply
system, with éxCeptiQn of the Municipality of Paocay. The'provincial
water supply service is, however; pbor as'délineate in PART ONE.

The area does not-have sewefage systems, Some residents utilize
septic tanks but because of their prbhibitive‘coét, most cannot

afford.
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3.4 Irrigation Systems

The study area employs both the communal and canal irrigation
systems maintained by different private associaﬁions and the Natiohéi
Irrigation Administration {NIA}. As shown in Tables 19 and 20, there
-are four NIA systems extending 3,357 hectares and 219 private éyétems

extending 5,857 héctares {See Tables 19 and 20).

3.5 Power

. The study area is pteSently served with electric power by the
Ilocos Norte Electric Cooperative {INEC), a semi-governmental entity,
which in turn buys its electric power of public consumption from the
National Power Corporatiqn (NAPOCOR)} . As shown in Tables 21 and 22,
the ratio of member houscholds to total households amounts to 64,73%.
The consumption of the area during the peribd July 1980 to June 1981
totalled 13,586.493 Kwh, the breakdown of which by type of consumer

were:
Residential 56.38?
Commercial 18.64%
Public Building 17.732
Street Light 1.76%
Industrial 5.49%

The schedule of electric rates, as listed in Table 23, shows that
residential cénsumers using 10 Kwh or less éhall be charged B7.40
monthly and those using more than 10 Kwh shall be charged BO.74/Kwh
(See Tables 21, 22 and 23).
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Table 17 Transpoitation Resources in_the Study Area
{Source of Data: Bureau of Land Transportation)

?arti;ula€§ . ' Nu@ber
1) private jeepsfcars - . ‘1{14?
2) Public passenger vehicles . 672
3) Tricycles 1,261
4) Cargo trucks /buses | 980
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Table 18 Road Length Source Conditions
Sourface Conditions
Total Length Gravel & Asphalt Concrete
(km) Earth (km) {km) {kin)
Laoag
1) National Road 33.333 1.396 16.489 15.448
2) City Raod 61.041 54.037 5,035 1.9279
3) cCity Street 67.441 51.348 12,1237 3.957
4) Barangay Road 173.717 173.717 - -
Total 335.532 280.498 33.661 21.384
Bacarra
1) National Road 7.500 - - 7.500
2} Provincial Road 17.316 7.310 2.000 2.000
3} Municipal Road 34.070 34,070 - -
4) Barangay Road 174.120 124,120 - ~
Total 226.000 215.5 2.000 2.000
Paocay
1} National Road 15.5 0.5 12.0 3.0
2) Provincial Road 12.8 7.0 1.8 4.0
3) HMunicipal Road 26.941 76.941 - -
4) Barangay Rcad 132,84 1130.44 2.4 -
Total 238.081 214.881. 16,2 7.0
Pasﬁguin
1)  National Road 50 28 - 22
2) Provincial Road 63.8 62,408 _ 1.392 -
3} HMunicipal Read 12.658 ©.588 6.07 -
4) Barangay Road 128.981 128.411 0.57 -
Total 255.439 225.407 8.032 22
Vintar
1) National Road None o= - -
2) Provincial Road 60.5 51.3 7.6 1.6
3) Municipal Road 15.0 9.2 4.7 1.1
4} Barangay Road 120.0 120.0 - -
Total 195.5 180.2 12.3 2.6
Ground Total 1,250,652 1,120.986 40,532 54.984
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Table 19 Irrigation Systems in the Study Area Maintained by National

Irrigation Administration as of May 28, 1981
{Source of Data: National Irrigation Administration)

System - - Municipality Sexrvice Area (Has.)

1} Laocag-Vintar RIS . vintar 422
. : Bacarra . 70
Lacag . 1,799

2) North Main Canal & Pasuquin' _
Extn. I.5. - L - Vintar _ 81
' Bacarra _' 452
Pasuquin 137
3) Bonga Pﬁmp No. 2 Laoag i94
4) Bonga Pump No. 3 o Laoag B 202
Total _ ' : 3,357

Table 20 Irrigation Systems in the Study Area Maintenanced by
Private Associations .
{Source of Data: National Irrigation Administratien)

Location - No. of System Area (Has.)
Lacag City o : 2 61.42
Bacarra 36 2,362.36
Pacay = . 19 779,10
Pasuguin : - 54 1,190.76
vintar | 108 . 1,463.9

fotal 219 5 5,857.54
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Pable 21  Numbex of Consumers Recexving Blectrlc Power Serv1ce,
: {June 1980 1980) _
(Source of Data: Ilocos Norte Electric Cooperatlve, Inc.)
. o Potential No, ' , .
Municipality Populgtlon of Rousehold Mgmber Connect;on
Bacarra 23,369 4,643 2,734 3,137
Lacag City : 69,659 13,675 10,213 11,583
Paoay 17,026 3,349 1,821 1,518
Pasuquin 17,813 3,466 1,932 1,749
Vintar 23,356 4,675 2,597 2,464
Total 151,223 29,808 19,297 20,451
Number of Consumers Recelvang Service in the Province
of Ilocos Norte, (June 30, 1981) ' :
{source of Data: Ilocos Norte Electric Cooperatlve, Inc. )
Type of Consumér
1) Residential 45,663
2} JCommercial
a. Small 154
b. Big 207
3) 1Industrial o
4) Irrigation 9
5) Public Bldgs. & Facilities 480
6) Street Lights & Security
: Lightings 963
7) Others {(Specify) -
Total 46,519
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Table 23 .Electricity Rates, Ilocos Norte
{Source of Data: 1I1lotos Norte Electric Cooperative, Inc.)

1) Residential & Public Buildings

A. Cénsumers using 10 Kwh or less _ B 7.40

B, Consumers using more than 10 Kwh 0.74/Kwh

2) Commercial

A. Small _
Minimum Bill (25 Kwh or less) 19.25
Excess 25 Xwh : _ 0.77/¥wh
B. Large _
Minimum Bill (50 Kwh or less) R39.50
_Excess 50 Kwh _ 0.79/Fxh

3 Phase Connections - with demand
charge

Exclusive use of transformer -
with demand charge
3) Industrial
A. Below 25 Demand

Minimum Bill B300.00
Demand Charge 15.00/kw
" Energy Charge 0.66/Kwh

b. 25 Kw & Above Demand

Minimum Bill - 150 Hrs. of.
Billing Demand

Demand Charge 7 15.00/kw
Energy Charge ‘ : 0.71/Kwh

4) Irrigaticon _ _
A. Big Pumps (75 & Above HP Rating)

Demand Charge B 15.00/kw

Energy Charge ' 0.68/Kwh
B. BISA Pumps (FSDC Assisted) ‘

Minimum Bill B 10.00/hp/mo.

¥nergy Charge 0.63/Kvwh
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4, Public Health

4.1 cCauses of Morbidity

As shown in Tables 24 - 28, the figures from the City Health
Pepartment of Laoag and the Provincial Health Center reveal.that
Gastro-Enteritis ranked second among the ten leading causes of mor-
bidity in the City of Laoég for the past five years and ranked Eirst
in the municipalities of Bacarra and Pasuquin, second in the muni-

cipality of Pacay and fourth in the municipality of Vintar.

With the desire to make the city and the municipalities "more
healthy” dis{ricts, the City Health bepartment and the Provincéial
Health Center are developing such programs as immunization, seasonal
vaccination and other relevant services bo augment the needs of the
people in thisrfiéld. Those depariment and centey officials. are,
however, 6f the opinion that the supply of adeqﬁate clean water

is the pre-reguisite.

4.2 Health Facilities

The City of T.acag has eight (B) hospitals including a medicael
college hospital, and the four municipalities in the study area depend
upon'the City of Laoag for hospital seérvices. The Municipality of

Bacarrxa, however has a hospital{Sce Table 29).
4.3 Sanitary Toilets

The percentage of households with sanitary toileté is less than
50% in the City of Laoag and the municipaiitiés of Bacarrxa, Paoay, and

Vintar. Therexqeption is the Pasuguin whose percentage ékceeds 80%

{See Table 30).

A6-28



Ilocos

Table 24 Leading'CauSes_ofxMorbiditf in the City of Laoag
" {Rate per 100,000 Population} o _
{Source of Data: City Health Center of Laoag)

1975-1979

Causes ©  5-Year Average . 1980
1) Influenza 42.82 431.31
2) Gastro-Enteritis ~360.92 364.13
3) Bronchitis 134.47 134.36
4) Pneumonia 107.56 "115.55
5) P.T.B. 97.67 36.74
6) Neoplasm 31.14 51.06
7) Broﬁého Peneumonia . 22.65 -
8) Hepatitis 15.57 : -
9) Measles 1415 22.84
10) Whooping Cough 12.73 2.68

Table 25 Leading Causes of Morbidity in the Municipality of
' Bacarra (Rate per 100,000 Population)
{(source of Data: Provincial Health Center of Ilocos Norte)

1975-1979

Causes 5-Year Average 1980
1) Gastfo—ﬁnteritis : 643.58 539.17
2) Tuberculeosis (all forms) 634.17 907.18
3) Influenza 484,40 | 537.73
4) Bronchilis  267.02 179.73

5)  Dysentery ' 36.80 -
6) Pneumonia . 26.53 17.12
7} Measles ‘ 9.41 12.83
8) Whooping Cough 8,58 560.57
9) Leprosy | 3.42 4.28
10} Typhoid/Para-Typ. Fever 0.86 34.23
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Table 26 Leading Causés of Morbldzty in the Munxc;ppllty of Paoay
{Rate per 100,000 Population)
(source of Data: Provincial Health Center of Ilocos Norte)

1975-1979 ‘

Causes 5-Year Average 19280
1) Bronchitis 1,265.87 32.26
2) Gastro-Enteritis & Col 1,238.83 567.70
3) - Influenza 1,207.10 4,178.42
4) Tuberculosis (all forms) 673.48 311.47
5) Pneumonias 47.01 29.38"°
6) Measles 31.75 82.28

7) Whooping Cough 4.70 -

8) syphilis 4.70 -
9) Typhoid/Para-Typ. Fever 2.35 29.38
10) Dysentery {all forms) 2.35 5.76

Table 27 Leading Causes of Morbidity in the Minicipality of
Pasuquin (Rate per 100,000 Population)
{Source of Data: Provincial Health Center of Ilocos Norte}

- 1975-1979
_ Causes 5-Year Average 1980
1} Gastro-Enteritis & Col, 1,052.04 35.93
2) iInfluenza 709.59 381.74
3) Bronchitis 288.55 600.68
4) Tuberculosis (all forms) 247.01 392.97
5} Pneumonia © 113.40 89.82
6) Tetanus 47.17 82.82
7) Measles 29.19 ' 145.96
8) Neoplasms, Malign 11.23 ' 11.23
9) Malaria _ 10.10 33.68
10) Infectious Hepatitis 4.49 . 39.29
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Table 28 Leading Causes of Morbldity in the Mun1c1pa11ty of Vintar
{Rate per 100,000 Population)
{Source of Data: Provincial Health Center of Ilocos Norte)

1975-1979

Causes 5-Year Average 1980
1) Influenza 546.33 64.22
2} Tuberculosis (all forms) . 481.25 37.25
3) Bronchitis 304.85 179.83
4} Gastro-Enteritis & Col, 214.08 98.48
5) Leprosy 296,28 188.19
6) Pneumonia 205,51 ‘ 235,86
7} Measles 1?1.26 132,73
8) HMalaria 114.75 423.87

9} Mumps 40.25 ' -
14) Whooﬁing Cough T.71 8.56

Tabhle 29 Hiealth Facilities .
{Source of Data: Provincial Health Center of Ilocos Norte)

The City of Laocag Number
1} Hospital 8
2) Others 17

The Municipality of Bacarra

1} Hospital S |
2) Others 7
The Municipality of Paoay

1} Hospital : -
2) Others 7
' The Municipality of Pasuquin

1) Hospital -
2) Others 5
The Municipality of Vintar

1) Hospital -
2} others 6
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Table 30 Number of Housecholds and Percent of Households with
Sanitary Toilets . ; S
{Source of Data: City Health Center of Lacag, Provincial
Health of Ilccos Norte)

The City of Laocag : Number Percent
Total Households : 12,386
1} Houséholds with flush & water-
sealed toilets : 40.60
2) MHousecholds with open pit '
toilets _ 47.28
3} Others 12,32

The Municipality of Bacarra

Total Households 4,465
1) Households with flush & water
sealed toilets 45.23
2} Households with open pit
toilets 28.26
3) Others 26.51

The Municipality of Paoay

 Total Households 3,250
1) Households with flush & water-
sealed toilets 12.85
2) Households with ¢pen pit o
toilets _ 59.31
3) others . : 22.84

The Municipality of Pasuguin

Total Households 3,477
i) Households with flush & water-
sealed tollets : 81.15
2} Households with open pit
toilets . 12.91
1)} Others 5.94

The Municipality of Vintar

Total Households . : 4,563
1} Households with flush & water-
sealed toilets 18.60
2} Households with open pit
toilets 51.35
3) Others ' 30.05
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Appendix 7. Design Criteria for Planning

To prepare the master plan and the preliminary design of feasi-
bility study on a standardized basis, the following deéesian criteria
are worked out. In preparing these criteria, due consideration has
been given to the design criteria that were made by LWUA and compiled
in the Technical Standard Manual, AaAnd to make the present criteria
more realistic and workable, the local conditions including that of
the existing water supply facilities, in particular are taken into

account.

1. (Per capita Consumption) For planning of the district water
supply system, average daily per capita consumptions for
each study area are projected based on records of different
¥Ds. In this study the values tabulated in Appendix 8 shall

be used as a basis for unit consumption figures.

2. (Peak Factor) Since no data on maximum day and peak hour
demands in each study area are available the following demand

- factors shall bhe used.

Average day demand 1.00
Maximum day demand 1.20 x average day demand
Peak hour demand 1.50 x average day demand

3., ({Capacity of the Facilitiés) The capacity of the water source
and transmission facilities shall be determined based on

Maximum day demand,

The distribution facilities shall be designed based on Peak

hour demand.

4.- (Water Pressure) Maximum static pressure on a pipeline shall
not excced 7 kg/sq cm. 1In case unavoidable, special device
shall be installed to keep the water pressure within the said

limit.
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Minimum water pressure at pipe ends of the distribution system

shall not be less than 7 m in head, as far as practicable,

5. {C value) C value to be used For hydraulic calculation of

new pipe shall be:

Pipe Size {mm) C value
600 and over . 1390
500 - 250 12G -
- 200 - 100 110
75 100
All sizes of PVC ' 140

C value for old pipe shall be determined according to the

conditions of pipe.

6. {(Pipe Material) Pipe materlals shall be selected from the

following: ACP, CIP, DCIP, Steel Pipe, PVC.

In selecting pipe materials, the following shall be taken into

consideration:

1) Maximum static pressure and water hammer impact which
the pipeline is to be subjected to.

2) Conditions of the road under which the pipeline is to
be laid.

3} Corrosiveness of the soil in which the pipeline is

to be burried.

7. (fire Hydrants) Standard spacing of fire hydrants shall he
150 m. Size Of pipe on which the fire hydrant to be installeéd
shall be 150 mm and above. In case fire hydrant is consi-
dered indispensable due to the conditidns of the iocality, 160

mn pipe may be utilized for installation of the fire hydrant.



8.

10,
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{(valves, Air Valves, and Drain Pipe) Valves shall be installed

at the following points:

Transmission pipelines: strategic operaling points at
about 2 km intervals,
Distribution mains : all main crosses and branches

and at about 300 m intervals,

Air valves shall be installed at the top of vertical curves

of pipelines.

Drain pipes shall be installed at the bottom of vertical
curves of pipelines, where draining from the pipeline is

possible,

(Storage Capacity) The capacity of a distribution reservoir
shall be equivalent to 8 hours quantity of maximum day demand

including water for fire fighting and water for emergency.

The said capacity can be split into plural numbers of reservoir

in accordance with the needs of the locality.

(Meters) All production of the water source facilities and
distribution shall he metered. For this purpose, bulk meters
shall be provided at appropriate and convenient places to

measura,

House meters shall be installed at all service connections.
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Appendix 8 Procedure of Projections of Population

1/

and Water Demand'w

A. Population Projection
General

To estimate the study area population which is one of the basic
factors of water reguirement, the past census made by the National
Census and Statistics Office (NCSO) is used as the most reliable

demographic data.

The total study area population is projected on the basis of
separate projections for the city core or poblacion and for the rural
barangays within the study area. The method of past trend extra-
polation is applied for population projection of such "micro-economic"

arcas of barangays in this study.

To determine future growth rates for each barangay the following

factors are considered:

3. FExisting and proposed land use plans (residential, commer-
c¢ial, industrial, institutional and agricultural zones)

2. Physical limits (barriers} to the geographical development
of the area,

3. Population density. {(persons per ha)

4. Housing patterns.

5. Existing and proposed transportation and communication
facilities, {road network, etc)

6. Possible migrations within the municipality and the region,

7. Pamily planning program of the Government.

Remarks: 1/ In the course of the work of preparing the master plan
for water supply of the four WDs in the three provincial
areas (Ilocos Norte WD in Ilocos Norte Province, Legaspi
City Wp and Daraga WD in Albay Province, and Tagbilaran
WD in Bohol Province}, this procedure of projections
of population and water demand is established as a general
concept to be applied to the four Wbs.
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Total ﬁunicipal Pqpuiation

In projecting the municipal population, the foilowing steps are

obsexrved:

Barangay

Using available past census data, a trend analysis on past
growth rates and the factors which might have influenced them
is performed. Past population trend of the municipality is
shown in Table 1.2.2 thru Table 1.2.6. (See 2.2 Population,
Part One: General)

Future growth rates uﬁ to the design year are projected based
on the field conditions and future development as well as data
obtained in step 1 above.

The population for each design year is obtained using the
projected average annual growth rates in step 2 above. The
population in each design year is tabulated as shown in .
Table 2.3.1 The past and future trends are graphically

shown in Fig. 2,3.1. (See 3.} Population Projection, Part

Two: Master Plan)

Fopulation

1.

Using the same method ontlined for municipal population

projections, the population for each barangay covered by

. the municipality is projected.

Since the total annual population of all the barangays should
equal to the total annual municipal population, barangay
population is revised wheré applicable and necessary. Popu-
lation projection for each barangay is shown in Table 2,3.2
thru Table 2.3.6. {See 3.1 Population Projection, Part Two:.
Master Plan) '

population density of each barangay is checked.
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As an example of the high growth of population in the study.area,
the high series of NEDA-POPCOM projection is introduced herein, which
is considered to be a useful data for a sensitivity analysis of the
population projection. While the low growth of population in the
study area is projected with an assumption that the average growth
rates from onc design year to another design year may diffeér by
10 to 20 per cent from the medium growth of projection made in this
study. The high and low growth of populatioﬁs are shown in Table
2.3.7 and Table 2.3.8. {See 3,1 Population Projection, Part Two:

Master Plan)

Served Population -

At present, the served area of the city/municipality is mostly
concentrated on the poblacion or the central urban area,'where the

middle-—high income groups are usually found.

A percentage of population served is estimated in each:design
year based on the present population served, data gathefed in the field,
cost and availability of the water from scurces. The served popula-
tion as well as the served area v for Phase I (1987) is decided based
on a concept that the purpose of this Phase project is to satisfy the -
present water requirement which has not been met in recent years due
to deterioration of the water supply facilities, by rehabilitation,
improvement. and some additional works, within as short a pericd as
possible. It is the gcal of this study, however, to be able to éxtend
improved watér sérvices (Level IIT system serxvices} to no less than

70 percent and 80 percent of the population in the served area by
Phase II (1993) and the master plan peried (2010) respecitvely.

Remarks: 1/ Served area for this study is discussed in 2.2 Served
Area, Part Two: Master Plan.
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B. Water Demand Projection
General

Future water demand is projected by category of water use
and area of water demand. The categories. adopted are 1). domestic,
2) commercial and industrial and 3) institutional water demands.
Unaccounted-for-water is also estimated and totalled to the above
demands. The water demand arecas adopted for projection are poblacion
or urban area and rvral barangays. The urban area includes the neigh-

boring barangays of the poblacion where applicable.

Historical consumption data are not available because the current
supply does not cover all the consumers with service connections and
no records of meter reading are obtained. Therefore, potential/
theoretical demand for the study area is considered as for the pre-

sent consumption,

The potential demand as an average per capita demand for the
study area is estimated based on the similar WDs records l/of_con—
sumption and the classification of WDs stipulated in the Design
Manual of LWUA. The result of classification of WDs for the present
study is shown in Table A.8.3, The average per capita water demands
for the urban and rural areas are estimated respectively and shown

in Table A.8.4 and Table A.8.5.

Domestic Demand

The'projected demands for domestic water are based on the avérage
per capita consumption and the projecteéd served population in the
study area. BAs mentioned in the preceding paragraph, data on pre-
sent average domestic unit conSumﬁtion for the study area are not

available, then the consumption records of different WDs are referrcd

Remarks: 1/ Ref. Table A.8.1 Per Capita Consumption in Existing
Water District (1978} and Table A.8.2 Average Unit
Consumption by WD classification in 1978.
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so that présent unit consumption in the similar city/municipality

is to be applied for the potential unit consumption for the study
area. The future unit consumption which will represent an average
consumption in the urban area are projected based on the said poten-

tial consumption as shown belows

City/Municipality 1978 1987 1993 2010
{1pcd) {lpcd) {1pcd) {1pcad)

Ilocos Norte

Lacag 128 128 135 155

Pasuguin 100 105 115 140
Bacarra 100 ) 105 115 140
Vintar 100 105 115 140
Pacay 100 105 115 140
Legaspi 135 135 148 175
Daraga 135 13s 148 175
Tagbilaran 128 128 135 155

Domestic consumption projections for the rural area are projected
using the same method for the urban area projections, however, only
a single séries unit domestic ¢onsumption is estimated to adopt Ffor
all the stﬁdy areas. The domestic unit consumptibns are projected

as follows:

198G 1987 1993 2010
{lpcd) (lpcd) {1pcd) (1pcd)
All ruvral area 60 69 78 100

The potential unit consumption in 1980 is estimated based on
the experiences in the rural water supply programs in tﬁe Southeast
Asian countries. Future unit consumptions are projected on the basis
that the unit consﬁﬁptioms will increase at a growth rate of 2.0% per
annum in the period 1980-1993 and 1.%% per annum in the peridd 1993
-2010, respectively.
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commerxcial and Industrial Demand

Reliable data on bresent commercial and industrial water consump-
tion of the study area are not available, Therefore, tﬁe following
assumptions are employed for the future demand projections. Accord-
ing to the experience in the Philippines, there is a relation between
the level of cammercial and industrial activities and the sexrvice area
ropulation. These ratios vary from a minimum level of 0.3 commercial
and industrial connections per 10D inhabitants to a maximum level of

1.2 connections per 100 inhabitants,
To estimate future commercial and industrxial demands in the

study area the following connection densities and unit consumptions

are assumed:

Connection Density Ratio

Group IL Group YIE Group IV

{a) 1980 Density Ratio - - -

(b} Pensity Increase
Coefficient for year

1987 1.4 1.2 1.0
1933 1.6 1.4 1.0
2010 2.5 2.0 1.2

Group II : Legaspi and Darage

Group III : Laocag and Tagbilaran

Group IV : Bacarra, Pésuquin, Vintar and Paoay

Unit Consumption per Connection

Years Unit Water Consumption {m3/day)
1987 T 1.2
1923 1.5
2010 2.0
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Based on Lthe above assumptions, unit commercial and industrial
consumptions as per capita consumptions for the future design years

are obtained and shown below:

Commercial and Industrial Consumptions {1lpcd)

Years Group 11 Group IIT Group IV
1987 17 (13) 14 (1) 12 {11)
1993 24 (16) 21 {16) 14 {12)
2010 50 (29) 41 (26) 24 (17)

{ )} Percentage to the per capita domestic consumption

Institutional Water Demand

Insﬁitutional water consumers include schools, churches, public
administration buildings and hospitals. It can be assumed that all
institutional establishments within the future service area will be
connected. Based on this consideration and referring to the socio-
economic data, one institutional connéction per 2000 inhabitants is
employed to ke sexrved in the'study area. Unit consumption for the

institutional connection will be as follows:

Yeay 1987 1993 2010

Unit Institutional .
consumption (m3/day) 4,0 6.0 2.0

Coverted to per capita
consumption {(lpcd) 2.0 3.0 4.0

Unaccounted-for-Water

Unaccounted~for-water including wastage, leakage and water losses
are estimated as follows, During the field investigation the unaccounted-
for-water measurement in the study area was not able to undertake
because the supply capacity had not fully met with the requirement and

no water condition in the distribution nétwork was chronically obsexved.

A8-7



‘Tlocos

Based on the experience, the following values for unaccounted-for-
water {percentage of the total water production) may be assumed for the

future design years:

Year _ - 1987 1993 2010

System with old and
new pipelines in 1987 34 25 20

System with new pipe-~
lines in 1987 22 * 20 20

Total wWwater Demand

The projected unit consumption figures for domestic, commeréial
and industrial, institutional, and unaccounted-for-water have been
presented in the preceding sections. The compiled projected unit
consumption and supply regquirements are listed in Table A.8.4 and

Table A.8.5.

The average day demand and supply requirements for the study .-
area are projected based on the above unit consumption and supply
requirements and the projected served population. The consolidated
projection of average day water demands for the study area are

shown in 3.2 Water Demand, Part Two: Master Plan.
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Table A.8.2 Average Unit Consumption by WD Classification

in 1978
Accounted- Unaccounted- Total
. ' 3/
1/ for-water -- for-water- — _
WD Group— { 1pod) {1pcd} i (1pcd)
I ’ o0 127 317
I1 152 101 253
11X 144 96 240
v n2 ¥ 75 187

1/ Refer to Design Manual of LWUA
2/ Based on records of different WDs
3/ 40% of the total is applied

4/ No data but estimated
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Table A.8.4 Laoég (Group III) Average Unit Consumption and Supply

Requirement
Category/Year 1978 1987 1993 2010
pomestic, lpcd 128 128 135 155
Commercial/Industrial,
- 1ped 14 14 2] 41
(% of domestic) (11) (1i1) {16) (26)
Institutional, lpcd 2 2 3 : 4
Accounted-for-water, 1/
1pcd 1449 —~ 144 159 200
Unaccounted-for-water,
1pcd _ 96 74 53 50
{+ of production) {40) (34) (25) (20}
Total unit demand 2/ .
requirement, lpcd 240 — 218 212 250

1/ Based on records of different WDs.

2/ Estimated as potential/thecretical requirement,
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Table A.8.5 Pasuquin, BaéarrqJ Vintar and Pacay (Group IV)
‘Average Unit Consumption and Supply Requirement

Category/Year . 1978 1987 1993 2010
Domestic, 1lpcd 100 ¥ 105 115 140
Commercial/Industrial,

1pcd 10 12 14 24
{3 of domestic) {10) (11) (12) {17)
Institutional, lpcd 2 2 3 4
Accounted-for-water,

1ped : 112 119 132 168
Unaccounted-for-water, _

1pcd . 75 61 44 42
{2 of production) (40) {34) {25) {(20)

Total unit demand
requirement, lpcd 187 180 176 210

1/ Potential/theoretical requirement
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Table A.8.6 Rural Barangays Average Unit Consumption and Supply

Requirement
Category/Year 1980 1987 1993 2010
: L1/ '

Domestic, lpcd 60 - 69 78 1co
Institutional, lped . 2 2 3 4
Accounted-for-water '

1pcd 62 71 81 104
Unaccounted-for-water,

lped 21 20 20 26
% of Production - (25) (22} {20) (20}
Total unit demand
Reguirement . lpcd 83 21 101 130

1/ Potential/theoreticél requirement
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Appendix 9 Basic Cost Data

This appendix ¢ presents basic cost data which are applied to cost
estimates of the present feasibility study. Basically thé unit costs are
taken from the Methodology Manual of LWUA, as far as applicable. However,
unit costs not included in the Manual are taken from prevailing.priCes
in the Philippines as of July 198}, Further, some of breakdown ratios

presented in the Manual have been modified so as to fit the present case.

Table 1 shows the prevailing land prices in each location of the
present projects. Table 2 Labor Costs and Table 3 Unit Prices for Civil
Works are quoted from the Manuwal for reference. Table 4 shows percentages
of Foreign and Local components of various work items which are used in
the present feasibility study. These percentages are obtained adjusting

the percentages of corresponding work items in the Manual.

Table 1 Land Pricés of Study Area

Location Prices
{pesos/sq m)

Mountainous area 20
Unirrigated rice field 25 - 30
Irrigated rice field | 35
Poblacion 100 - 200

Table 2 Labor Costs

items Unit Rates
{Pesos)

Unskilled* per day 20 ~ 25
Skilled ** do 40 - 45

* Mason, Pipe fitter, Pipé layer, Excavator, etc.

#%x Carpenter, Tinsmith, Supervisor of labors, etc.
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Table 3 Unit Prices for Ciﬁil wWorks

Itens Unit ' _Rate
(Pesos)

Earth Work

- Common excavation cu m : 40
Hardpan excavation ' do 65
Trench excavation do : 55
Rock excavation do 95
Backfill dumpted do 15
Backfill compacted do ' 70

'Disbosal material ' do 12
Gravel blanket ' édo 80

Concrete Work

Concrete 4,000 psi cu mn 880
Concrete 3,000 psi do 740
Formwork vertical ' sq m 60
Formwork horizontal do 100
Reinforcement.bars kg 10

Table 4 Components of Breakdown Used in Cost Bstimates

Items F/C L/C

Deep well 29% ' 1%
Deep well pumping station 56 44
Transmission/distribution :
purmping station 60 40
Transmission/diStribution

pipeline 67 33
VYalve ) _ 13 27
Service connection 17 23
Fire hydrant ' 60 ' 34
Reservolr, chamber, etc. 25 ' 75
Bulk meter a0 20
Chlorinator T 920 _ 10
vehicle 50 ' 50
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