APPENDTX 4.2.1 shows the location, number of- household served,

'caqing and year of ‘construction of the Level I 530111t199 in Angeles Cilty.

Aside form the above~mentioned publicly owned wells, there are
also a number of privately-owned shallow/deep wells with jetmatic or‘pitch~

er pump., However, there is no ianventory on these wells.
4.2.2 Level 11 System

At present,gtherg are six piped water suppiy systems with public
faucets (Lé#gl.ll) constructed by the MPWH through. the Barangay Water Pro-
gram since 19@1 Populatlon served by each system ranges from 240 to 1, ?30
_persons, Ba51cally,'the system consists of a deepwell, an electric pump,
steel elevated tank and the pipe system. Five of these systems are using
the centrifugal pump type while only one uses the submersible type. -The

Size_of_pipes ranges from 38 mm to 100 mm of either PVC or PE material,

‘ APPENDIX &;2.2 shows the location and description of these level
T1 Systems.

£.,2.3 " Level IIT System

5.2,3.1 Angeles City Waterworks System

The ACWS was constructed by the ‘Angeles Municipal Government in

1934 with a deep well as its source and an elevated storage tank. Since

then, the svstem has been expanded /impraved eight times already. Its first

improvement/expansiOn program was undertaken by the defunct National Water-

works and Sewerage Authority (hereinafter referred to as NAWASA) in 1950

Bu; by 1968, the system was transferred back to the City Government of
An geles,

Field surveys including measurements on the factors rélevant to
'the'existiﬁg water supply facilities were conducted from June 27 to July

14, 1986, Data and information collected are the basis of this Section,



(1Y Water Source and PTreatment

each
Of

The ACWS derives 1ts water source from fourteen deepwells,
equipped with either an electrlc driven turbine or submersible pump.
these, eleven are presently in operation and the other three are already

abandoned. A qummary of data of these well and pumps are shown in TABLE

4.2.1,

Ten out of eleven existing pumping stations are operated continu-
ouély throughout'tﬁe'day. Pumping station No. 2 operates only from 6:00

AM. to 10:00 P}

The - discharge rates of “eight pumping stations were examined.
TABLE 4.2.2 shows the daily production of all the existing pumping stations
as measured through this survey except for pumplng stations No. 2, 8 and 14

whose figures are the result of measurements made in 1977.

The total production amount from the 11 pumping étatibns is caiw
culated at 11,545 ecu.m/day under the conditibns ﬁreviously stated. The
existing figures of each pump; their rated caﬁacity and records in 1977 are
shown in TABLE.4.2.2_f0r the purpose of comparison. 'It'may be_wérth noting
that the difference in the tatal amount between that téken in 1977 and thie
survey is within I10%Z. Tt was also found that all the pumps were.operated
under the same_conditioﬁs throughout the day with abouﬁ.a.Sz hourly dis-

charge rate difference between the minimum and maximum flgures recorded,

4 - 10
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TABLE 4.2.2 DAILY WATER PRODUCTION

Unit : cu.m/day

Number Measurement Reference
of . JICA Records Rated
p.S, (6/30-7/9) in 1§77 Capacity Remarks
I 3,968 3,570 2,725
2 * 382 - 382 818
3 709 568 . 654
& 320 428 545
5 987 1,015 954
6 1,013 1,354 1,605
7 814 439 ‘545 . : :
8 %  1,203 1,203 981  Temporary pump: 1565 cu.m/day
9 | - . - - Abandoned in 1979
10 1,288 1,149 981 . B
1 - - ~  Abandoned in 1973
12 588 390 545
1 - - - - Abandoned in 1979
16 . % 273 - 273
Total - 11,545 10,771 9,645

Note : * Figures from the survey in 1977'dr rated capacity

A.phmp efficiency test was carried out at No,l pumﬁing étatiﬂn.
The measurement results revealed that the pump discharge rate:is around 42
to 43 1/s with a dynamic water head between 31 to 38 m. The”overall effiw
ciencles of pump and motor, and solely pump are obtalned with figures of
36% to 41% and 42% to 49%, reqpectlvely (DEtallb are referred to in APPEN-
DIX 4.2.3). These figures are common for the turbine pump, . The- existing
pump seems to be operated ‘within the range of its design capacity, although :

the pump iftself as well as accessories are superannuated.

4 - 12



Groundﬁater is directly pumped to the main distribution pipelines
without any water treatﬁent. The ﬁumping stations are located in strategilc
places, however, in some cases, the distance of one station to another is
.too_neér_that there might be a possibility of interference in the function-
-ing of well gépaCity. It has alsoc heen observed that maﬁy plumbing'fixtures
around fhe-turbine'pumps are found to be defective and leaking. FIGURE
4.2.1 shows the general lay-out of the existing ACWS facilities and FIGURE

4,2,2 shows a typical pump house connection.

There is only one stand-by generator installed, which is in

pumping'stétibn No. 5; however, this has not been functioning since 1978.
(2)  Transmission and Distribution
a) Storage Tacility

The sforége.tank of ACWS is a reinforced'cdncrete elevated tank
located 1in Barangay San'Nicolaé, beside pump stétibn No. 1. Tank
capacity is 378 cu.m and its overflow elévation is about 30 m above
ground. A schematic layout of the tank is shown in FIGURE 4.2.3.
Howevér, since 1966; the ténk has not been in use because of leaks

from the outer wall surface.

The said fank_may.be put to use provided appropriate measures,
especially seéling, are made, since the structure itself is still
useful. However, the storage capécity of the tank is too small to meet
the water deménd throughouf the day, resulting to a.minor contribution

to the water supply in the system, at preseant.

There are also two steel elevated tanks used for fire protection
Tocated beside pump stations No. 6 and 12, Each tank has a capacity
of 114 cu.m with a low water level of about 3.5 m above ground and is

directly connected to the pump.

4 - 13
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b)  Distribution Facilities

The present service area of ACWS includes the core city and the
six édjacent barangays. As previously stated, the distribution network
has - undergone repair and impfévement eight' times since its installa-
tion. Its last expansion was undertaken in 1970. Refer to FIGURE 4,2.1
for the existing distribution system., FIGURE 4.2.4 shows the service

area covered by the zone boundaries,

Most  of the main lines are dead~end and there exists no proper

distfibutidn network in the system except at the commercial area.
The main distribution pipes range from 75 mm to 150 mm in size

with a total length of 16,610 m, TABLE 4.2.3 shows the system

configuration of the distribution network.

TABLE 4.2.3 DISTRIBUTION NETWORK

By Material

cT _ CI AC .~ PVC Total Length

Dia. .

{mm) (m) (m} Cmy ' (m) (m)
150 990 - 480 | - 1,470
100 11,100 | - 1,370 730 . 13,200

75 ' - 1,040 400 500 1,940
Total 12;690 1,040 2,250 1,230 16,610
. Hote: ¢l = Casﬁ iron ¢ = Galvanized.iron

AC = Asbestos Cement PVC= Polyvinyl Chloride
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&ajor pipes are instailed under the concrete road and exact
location is uncertain since'there are no drawings for the pipe laying.
Some main pipelines were seen during field measurements on the pilpe-
line system. The pipes made of Cast-Iron are comparatively in good
condition, without any démage and leakage at joint.portiOn, although

the surface of pipes seems covered with rust.

A preQious report prepared in 1977 tc.aﬁalyze existing pipe ca-
paqify agssociated with "C" wvalue (Hazen Williams' Formula) concluded
that the pipes were considerably deteriorated with a maximum "C" value
of 50% compared with design figure for new piﬁes. The pipes at present

may be at least lower than the above percentage in "C" value.

The distribution of water pressure in the existing service area
was investigated at. 25 strategic points together with the ranges of
the pressuge_thfoughout the day (24 hours) from July 1 to July 10.
The approximate contour line of the pressure is depicted in the map

(details should be referred to in APPENDIX 4.2,4).

A topographic survey covering 60 points was also conducted to get

the ground elevation. FIGURE 4.2.5 shows the survey result.

Water pressure in the service area is quite low throﬁghout the
day. Only a limited area in the vicinity of the pumping stations
receive a certain level of favorable water supply throughout the day.
=FIGUREé 4;2.6 and 4.2.7 shown contour lines of water pressure in maxi-
-mum.and minimum figures through.the day. Maximum contour 1lines are
depicted corresponding to the location of  pumping stations with a
'figufe of 0.5 kg/sq.cm and 0.1 km/sq.cm. Those under minimum pressure
répresént a generai feature of this water supply system with figures
of 0.0 or 0.1 kg/sq.cm, These measurement results show the present

practices in pump operation through the day.

It {is realized that the low discharge or water pressure of the
existing pumps 1s a major reason for imsufficient water supply in

systemn.
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¢)  Service Connections and Hydrants

The ACWS has a total of 4,128 registeréd service connections as
of Mav 1986,'The number of metered and unmetered connectlons by con-
sumef type- is given in TABLE 4.2.4. Consumers ére categqrized into
doméstié, commerciai and inétitutional concessibnaires. However, with
regard to iﬁétitution;l users, most -government office and public
schools are charged free and are not included in the said TABLE. The
three coﬁnedtions liétéd in the table (twb government offices in Zone
No. ! and private hospital in Zone 5) are either charged as domestic .
or commercial by the ACWS, though categorized into institutiocnal use

in this Stﬁdy.

The service Connections by consumer type are as follows:

Type ' . Metered Unmetered .  Total
Domestic 971 2,568 3,539
Commercial 278 308 -586
Tnstitutional 1 _ e 3
Total | 1,250 2,878 4,128

A#prdximately 70% of the total the number of comnections is
: pﬁmetefed. APPENDTX 4.2,5 presents the number of metered and unmetered
connections in terms of the size of service connections, in addition
to thé.monthly consumptidn by metered concessionaires. The diameter of
majoritj.of connections is 1/2 inch, wﬁile 3/4 inch conmection is used

in the conmercial connections.

There is a total of 24 fire hydrants located in various points in

the distribution system with a size of 100 mm.

4 -~ 23



9561 A=W ul BIRQ

e

)

T

- I090UU0g
30 TON

78 e et

R BT
.30 "oy

~03TISUT
T

—

TITeUUOY
~ 3o "oN

TeTo.

pjg) —RPUEIOD

8562

it

BEELTCR)

30 <oy

/1

hEPCEL

*308Uu0]
3o _"on

T

]

ST

IEEEETEELS

Jo -on

9/€]  om

€552

7L

€L

F44

EEEETTY
30 "oN

—sBMog
T/T

~tg}

iy

"7

mw@\MﬁA

~393uu0)
30 “ON

TeUoT3
Fn1TIsur

nomy w
LT wm

Tigeuuoy
o “o§

L5017

§T

FIuon/ w

ST

TADPUURYD
JO "OK

w/E

1812
—~3BUROT

STOL

7TIT

£16

CHEY

788

0z

on
EE \ma

P TA

ss | ¢

1

vET

zt

R ELIT)
.30 taN

T/

SHyuons m
g\m

“353uzcy
JO_CON

0T

“gauow;_ |
Hanon/.

E

TITFuUloY
3o "o

{7/€

213
-gamag

(499

€€y | TTICTi98€T] ~

T8¢y -

661

AR

L8

g6

8.4

3Lz

4
L8585 {56LT

qacow; wl
B! \m

3T

61 | iz tt -

L

gt | -

£

71

T

L5

(414

SGT

T

HesT e

“3oauucH
30 “oN

/T

FEREREI)

L

85| £T6 (0L9 | EYE

TSL (78T

969

2L6

£TY

6%¢

Na& ny

1%e

049 {18E

0z

9T | ST !'%T |[ET

i
!
I

ZT|TT

01

L

-9

S

adA] aswnsuo)

h

Dwmmbmzzz ANY . dZW313W AS NOLLIZNNOS 20 d38WNN

Frz vy 379vl

4 ~ 24



4.2.3.2 Balibago Waterworks system

(1)

Water Source

The existing water source of the Balibago Waterworks System are

seven deép WGils serving three barangays of the City located in the north

side of the Abacan River., A description of the wells and pumps of the

systen ig shown in TABLE 4.2.5. The system has two standby diesel motor

located at pump stations No. 5 and 6.

(2)

Transmission and Distribution
a) Stbrage Facilities

The system has two reinforced concrete elevated storage tanks

located beside pump stations No. 5 and 6 in Bgy. Balibago. Both tanks

have a capacity of 378 cu.m. with a low water level of about 30 m

above ground level,
b)  Treatment Facilities

Chlorination is the only treatment applied to the system. Chlo-

rine is applied'at'the chlorination box in each ﬁump station,
¢) Distribution Facilities

The distribution'network covers the three barangays in Angeles
City.and one barangay in Mabalacat with a total pipe length of 36 km.
The sizes of the main distribution pipes range from 100 mm to 150 mm.

d) Service Counnections

Thé system has a total registered connection of 5,063 as of

| January 1986. Approximately 10% of the total consumers is business

establishments. The counections are classified by consumer type, as

foliows:

4 ~ 25
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.Type Metered Unme tered . Total

Domestic 4,517 1 4,518
" Commercial 545 - 545
Total 5,062 1 5,063

4,2.3.3 On~Golng Project

An onngiﬁg projéct in the city is a Level IIT gsystem under the
Barangay_Wéter Progfam to cover Barangay Cutcut. This project is expected
to éerﬁe 690 households, . '

The system includes a deepwell, a submersible pump, an elevated
_steel tank and a distribution network. The total length of the distribution
lines is 3, 6&0 m of PY¥C material. Pipeline sizes range f{rom 75 wm to 150

.mm. As of April 1986, the project was 90% completed.
h.2.4 . Operation and Maintenance

The operation and maintenance of Levels I and II facilities are

undertaken by the association of the system's users,

For the ACWS, operatlon and maintenance are manned by a supervlsu
ing mechanic, 12 pump operators, 3 mechanic, 3 plumbers and 2 pipefitters.
The main functions of these 0 & M personnel are to operate and maintaln the
pumplng unlts, inspect, install and repair the system's fac111ties, per—

forms preventive maintenance and others.

Punp opération schedule for the temn pumps is on a 24-hour basis

while one pump is ohly'for a l6-hour operation due to pump vibrations.

Tﬁé_Balibago Waterworks Systen, Tnc. operates and maintains the
well source, distribution and chlorlnation facilities of the system in
'Balibégo. The activities are mainly the operation of the pumping stations

and two storage tanks.

As of January 1986 there were seven pumps’in operation with each
Pump operating at an average of about 495 hours per month. Compared to the
1984 performance, this operation has been reduced. A summary of the pumpxng

_ operation is shown below:
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Ttem Jan. 1986 1984

i, Average output of each

pumping station 29,028 cu.m/month 30,975 cu.m/month

2.  Average operating hours each

pumping station 495.5 hr/month 524 hr/month
. 3.  Number of pumps operating 7 | 7
4,  Average capacity of each pump 1,090 cu.m/day 1,962 cu.m/day

A total of 24 personnel is assigned to the operation‘and_mainte~
nance of the gystem broken down into; 14 pump operators, 6 plumbers, 3

supervisors and 1 utility man,
4.2.5 Deficiencies of the Exiéting System

Of the 67 point sburce wvater supply facilities, four‘are in. un-
satisfactory condition due to poor water quality. Two wells in Barangay
Capaya and énother_in Barangay Cutcut exhibited high iron éohcentratipn,
On the other hand, the well in Barangay PulUng.Cacutud has a musky taste.
The depth of these wells ranges from 36.6 m to 42.7 m with a casing of
125mm. - : '

Another deficiency noted is the casing sizes of some of the wells

are too small in relation to their well depth.of over 30 m,

Level II systems in the ‘area are performing efficiently with no

significant deficiency/problem seer.

With regard to the locationm of the ACWS facilities, the pumpiﬁg
stations are in different places In some cases, the proximity of one
deepwell site to another may result to an interfexence 1n the functioning
of well capaclty. For example, two well sources (pump stations No. 2 and

3) are located only about i90 m apart and are about 35 yeafs old.

The mechanical efficiencies of the pumps were found to be within
the allowable range, however, many plumbing Fixtures around the turbine
pumps were found to be defective and ]eaking However, there 1s no qtand ~by

generator available in case of a power failure, thus an 1nterruption of

service occurs.
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There aré no disinfection facilities in the system to safeguard
the quality of the water supply. Tn fact, three deepwells have already been

abandoned due to high iron concentration.

The storage facility of the system, a reinforced concrete elevat-

ed tank, is not in use due to leaks from the outer wall surface.

7 The existing water distribution system 1acks an adequate grid
system{ Most of the pipes are dead-ended. The use of very old, small diame-
ter'piﬁeslis a source of suspected extensive leakage. As a result, pressure
diStribution'iSIVEry poor and some areas are withput water during most of
the day. Distribution valves are not known because it is buried under the

concrete roadway,

"-In many dinstances, a number of service pipes are connected to the
distribution main pipe at the same point. Likewise, only rubber straps

around leaking service pipes are used for repairs,

Fire protection from available hydrants is almost non-existent
due to low water pressure. The number of fire hydrants with a tee-stand
pipe made of GI is very limited. The absence of hydrant valves, broken

valves, stem -and hydrant caps is very common.
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4.3 WATER PRODUCTION

The water source of the ACWS is groundwater. Pump discharge rates
through the day at nine out of eleven OpEratlng pump stations were meaqured
in the field, Two pumping stations were efther under repair (No. 8) or was
quite small (No. 14), - The total productlon amount from the eleven pumping
stations was estimated at 11,545 cu. m/day. Compared ‘with the rated capacity
and records in 1977, ‘the figute obtained through this survey is larger than
said two reference figures by 10/ to 20%. TABLE 4 3.1 présgents measurement
‘results and reference figures in the previous survey.:The total amount of
around. 11,000 cu.m/day may be a conservative figure in ﬂlscusslng the pre-

sent supply of the city waterworks.

TABLE 4.3.1 DAILY wATER PRODUCTION OF THE CITY WATERWORKS
Unit : cu.m/day

Number Measurement s ‘Reference

of :. JICA Records Rated. o
P.S. (6/30-7/9) in 1977 Capacity - Remarks
1 3,968 3,570 - 2,725
2 382%* . 382 - 818
-3 709 568 654
b 320 428 545
5 987 1,015 954
6 1,013 - 1,354 1,605
7 814 439 545 | o
8 1,203% 1,203 981 Temporary pump: !,565 cu.m/day
9 - - - Abandoned in 1979
10 1,288 1,149 _ 981 '
11 ' - - - Abandoned 1n 1973
12 588 390 545
13 - - - Abandoned in 1979
14 273% - 273
Total 11,545 10,771 9,645

Note : * Figures from the survey in 1977 or rated Capaéity-
Thg Balibago Waterworks'likewise'relies on grnundwafer for its"

source of=supp1y The average production in January .1986 is approximate]y
6,200 cu.m/day, the same as in 1984,
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4.4 WATER CONSUMPTTON

4.4.1

- General

Ptesent water consumpt1on for the two waterworks was analyzed

using the records in January and May 1986.

(1)

(2)

Angeles City Waterworks

Number of connections by metered and unmefefed, and by consumer

type.(May, 1986)

Water consumption by metered concessionaires and water charges

_collected both from metered and unmetered usérs (May, 1986)

Water rate adopted by the city government

Location of subarea (zone) with reference to barangays

Balibago Waterworks

Number of connections with meters and without meters (January
1986)
Number of customers by range of water consumption, and by con-.

sumer type (January 1986 and 1984)
Montﬁly water consumption by metered connections

Present water rate

‘The water consumption study was made by water supply zones used

in the collectlon of water charges by the City Engineers Office, However,

the -final flgure_was computed by barangay. The number of metered and unme-

.téréd'éonnection by consumer type is given in the previocus section,

The water consumption study for the Balibago Waterworks was made

for qompa?iéoﬁ purposes with that of ACWS.
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4.4,2 Anpeles City Waterworks

Water consumption .by the metered connections - and collected
charges by consumer type (metered and ummetered) for the month of May, 1986

are summarized below (Data by zone is given in APPENDIX 4.%-1)-

TABLE 4.4,1 SUMMARY OF WATER CONSUMPTION AND CHARGES

Watef-cohsumption Collected Charges Total
Consumer Type (metered) metered  unmetered {®)
{cu.m/day) (R) (®) e .
Domestic 1,123 34,290.88 57,112.90  91,403.88
Commercial 269 20,681.30 28,134.00 48,815.30
Institutional 14 710,00 181.20 891.20
Total 1,406 55,682.28  85,428.10  141,110.38

(1} Unit Water Consumption

Unit water consumption by consumer type was estimated using the
data on the water consumption by metered connections. The following is a

descfiption'of the three consumer types.
a) Domestic connections

Interviews with concessionaires on the actual population ‘served
were conducted in the model study area to find ocut’ the unaccounted for
water /not utilized water, Approx1mately 35% of secondarv users/borrow-
ers were estimated in the model area (Zone No. 1). However, due to the
fact that the zone 1s predomlnantlv compoeed of apartment houses, a
conservative flgure of 30%, was concluded as the c1ty average. This

figure was confirmed at tandom in the fleld,

The actual’ population eerved was calculated taking into’ considef—
ation the addltional uqers and average persons per household (6 per-
sons/HH). TABLE 4. 4, 2 shows per caplta/connection consumption by size
of service connection, Number of connections with 3740

service comnec—
tion is only one in Zone No., 3
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2)

:Therefore, the average unit consumption was caleculated using the

entire data (i/Z"Iand 3/4"Y, The average pér_cqplta “and per connection

consumption was calculated at 148 1pcd and 1.157 cu. m/conn day, res—

pectively.
b) Commercial connections

Approximately 5% of the total connéction has 3/4” service connec-

tions, while majority have 1/2" ones: Consumprion per ‘connection was

caleculated af:O 890 and 2.349 cu.m/&ay for 1/2" and 3/4" convections,

_respectlvely The overall average is 0,969 cu. m/day. TABLE 5.4.3 shows

unit consumption by the different dlametsrs of service connection.

e} .Institutional connections

Only one connectLOH is registered as an 1nst1tutional connection
with a diameter of 3/4". The daily ceonsumption of the connection is
13.8 cu.m/day (See TABLE 4.4.3).

Total Water Consumption

Prior to the calculation of the total consumﬁtion of the city,

the composition of each barangay in the water supply zome was studied.

The relationship between barangay and water supply zone is.given

in APPENDIX 4.4.2. The percentage of served pophlation in each zone in the

barangays' was calculated using the present population distriﬁution.

The total water consumption of the city was estimated using the

follow1ng conditions and assumptions.

a) Water consumption of metered connections by cOnssmer ﬁype is'the

figure read from the meter for the month of May, 1986.
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: TABLE 4.4.3 UNIT WATER CONSUMPTION (METERED)
Commercial: '

Zone Metered Connection Daily Per

Number Number Diameter Consumption Connection

: (inch) - (cu.m/day) (cu.m/conn.day)

1 1] /2 0.667 0.667

1 3/4 ' 0. 467 0.467

2 3 1/2 11.667 3.889
3 - - ' - -
4 - - - -

5 1 /2 1,400 1.000

' 2 3/4 0.967 0.483

6 22 1/2 ' ' 19.400 0.882

. 1 34 0,500 0.500

7 2 /2 2,133 1,067

8 134 1/2 113.167 0.845

P e 34 18,433 2.633

9 17 1/2 14.333 0.843

: i 374 9.800 9.800

10 11 1/2 17.100 1,555

- 3 374 ‘5.067 1,689

11 1 1/2 2.267 2.267

12 2 1/2 0.433 0.217

i3 T - - -

14, 1 1/2 1.667 1.667

15 - - - -

16 - - - -

17 1 1/2 - 0,500 (.500
18 - - - -

19 7 1/2 9.167 1.310
20 - - - - :
21 5 1/2 3.567 - 0.713
22 55 1/2 37.133 0.675
Total 263 i/2 234,201 0.890

15 - 3/4 35.234 2.349
- 278 _ 269.435 _ 0.969
Institutionak:.

Zone . Metered Connection Daily " Per
Number Number Diameter Consumption Connection
" : (inch) (cu.m/day) (cu.m/conn.day)

5 - 1 3/4 13.800 13,800
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b) Water t0nsumﬁtion of the unmetered connections by consumer type

1s estimated using the following assumptions.

i)

ii)

1ii)

Domestic users

Generally, water consumed by . the unmetered users 1s more
¢han the wmetered users. However, in some areas of the city
the opposite is true_because of.inadequate'water supply or
low water pressure. In such cases, the average per capité

water consumption of the metered commections is used.

Commercial users

Unit water consumption by the size of service connections
whether 1/2" or 3/4" for the metered users is used as a

basis of calculation.

Institutional users

.Since existing vnmetered connections (1/2") are different

from metered one (3/4") in diameter of service pilpe, the

figure for the commercial users with a size diameter of 1/2"

. is emploved.

Served population and. its percentage to related barangays
are given in TABLE 4.4,4. The total of 27,600 ﬁersons-ﬁas'
calculated as an actual population served and it is approxi-

mately 17% of the total population in the related bardngays.

TABLE 4.4.5 shows water consumption by consumer type'énd the

city total. The following is the summary of water ééhéﬁmp*

tion.
Domestic : 4,085 cu.m/day
Commercial : 588 '
Institutional 14

Total

e

4,659
4,700 Cu.mfday
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ESTTMATION OF WATER CONSUMPTION

"TABLE 4.4.5
Connection Unit ~ Daily Water '
Type Conditions Consumption ' _Consumption
- {cu,m/day)
Domestic Served - . - S o
Population . o 27,603 Slped . 4,085
Commercial Numbor of . 1/9m ) T :oSeL 0.890.cu.m!conp."day' 499
Connection ) - _ i
. 3fam e 1M 1 25 2.349 cu.m/conn.day - 59
Sub-Total ) : o 588
Institutional Number of 1/ v 2 0.890 cu,m/conn, day 2
Connection . ) _ : :
' 3/40 1 13.8 cu.m/conn.day T
Sub-Total _ o S T
Total Served Population ° : 27,603 :
No. of Connection o 4,128 . : 4,659

Although a total of 4,700 cu,m/day was obtained-based-on'thé

same assumptlons, special attention should Be'paid_on.the

existence of a great humber-of.additional faucets in the

category of unmetered couﬁectioné;"Zohe No. 1 (residential
area) and No. 6 (commer01al area) were selected as model
areas to estdmate the number of additlonal faucets - using the

same water charges.

The following is the summary of the result.

No, of Unmetered Connection. Additional Faucet Toﬁal
Zone No. 1: .87 182 ' '269-
Zome No. 6: 26 | 3 57

The number of additional faucets may be 100 - 200% of regis-
tered connections (unmetered) If these faucets are used by'

the. secondary users, the water consumption increases.. The
total number of unmetered connections is reported to -be

2,878, which is approx1mately 70% of thp total connectiong,
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.ASSﬁming that an'equal number of additional faucets, as to
the registered connéction are used by secondary users and
that the consumﬁtion per connection is the same as those
metéfed cdhneétions (1.157 cu.m/qonn;day), then about 3,000
- cu.m/déy_more is consumed. Under this assumptioﬁ; more than
70% of the production amouﬁt is utilized. Under the present
situation, it is highly possible that this 18 the case.

4.4.3 ‘Balibagd Waterworks

_ The daily average of water consumptlon in January 1986 is report-
ed to be 4,108 cu. m/day (Refer to APPENDIX 4.4. 3). Unit daily water con-
sumption by water use was estimated in accordance with the flow chart as

shown in FIGURE 4.4.1.

The . dally average of water consumptlon per caplita was calculated
at 109 Iped and 120 lped in 1986 and 1984, respectively (See TABLEs 4,4.6 &
.4.4.7). These figures meet the design standards used in this country. Since
fﬁeiBaiibago Waterworks is managed by the private sector and water rates
are comparatively high, -the .consuﬁption per cépita Seéms to depend on
present incomeflevéls. .The ranges of consumption are from 56 l1pcd to 250
lped. Averagé daiiy coﬁsump;ion per customer for business usé_was estimated
.at 2}18 cu;m/éonn.day and 2.58 cu.m/conn.day in 1986 and 1984, respective-

ly. These figures are common in most local major cities.
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FIGURE 4.4.1  FLOW CHART FOR ESTIMATING UNIT
WATER CONSUMPTION

NUMBER OF CUSTOMERS BY RA-
_NGE OF WATER CONSUMPTION

NUMBER OF CUSTOMERS BY DOMES-
TIC AND COMMERCIAL USE

]

ALLOCATION OF CUSTOMERS
BY WATER USE TO EACH
RANGE OF CONSUMPTION

ASSUMPTTON OF AVERAGE |
WATFR CONSUMPTION
BY RANGE OF CONSUMPTION

ESTIMATION OF WATER
CONSUMPTION BY RANGE
OF CONSUMPTION

ESTIMATION OF SERVED
POPULATION

f PER CAPITA | PER COMMERCIAL CUSTOMER
WATER CONSUMPTTON |- CONSUMPTION
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TABLE 4.4.6 UNIT WATER CONSﬁMPTION BY WATER USE

JANUARY 1986
_ Range of No.3of‘_ .. Average -é ‘ i Served  Unit
Item Consumption . Connections Consumption Sonsumption Pop. Consumption
(cu.m/wonth) (cu,m/month) (cu.m/month) {(1ped) -
1) Below 10 . 1,197 10 11,970 7,182 56
N 2) 11-20 1,543 Y 23,145 9,258 83
Domestic. .3) 21—30: 1,056 25 26,400 6,336 139
i 4 -31-40 334 35 18,690 3,204 194
.5) 41-50 187 45 8,415 1,122 250
Total 4,517 . 88,620 27,102 . 109
s . _ . {cu.m/conn.day)
5) 41-50 109 45 4,905
6) 51~60 165 55 9,075
| 7) 61-70 93 65 6,045
Commer- - 8) 71-30 64 75 4,800
cial 9) 81-90 29 85 2,465
10) 91-100 23 95 ' 2,185
11) More than 62 100 : . 6,200
100 o
Total 545 35,675 2.18
Grand Total 5,062 | 124,295 27,102

Note: 1) Avefégefnumbér of persons per household: 6
2) Estimated total consumption is almost same as those reported
by the Authority. ' a
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TABLE 4.4.7 UNIT WATFR CONSUMPTION BY WATER USE

1984
‘Range of No. of S Averége Cons | 1 Served  Unit -
Ttem Consumption Connections Consumption onsumption. PUP- Consumption
(cu.,m/month) (cu.m/month) (cu. m/month) R (1pcd)
‘1) Below 10 962 10 : 9,620; 5,772 56
_ 2)-11-20 1,390 15 - 20,850 8,340 83
Domestic = 3) 21-30 983 - 25 . 24,575 5,898 139
' 4) 31-40 - 651 35 22,785 3,906 194
5) 41-50 355 45 15,975 - 2,130 250
Total 4,341 o 93,805 26,046 120
- o ‘ (cﬁ.m/coﬁn;day)
5) 41-50. .30 .45 1,350 S
6) 51-60 = 204 55 _ 11,220
7) 61-70 111 65 75215
Commer- . 8} 71-80 79 : 75 . 5,825
cial 9) . 81-90 43 85 3,655
10) 91-100 © 28 95 - 2,660
11} More than 87 -. 100 13,050 .
100 . . : \
Total 582 - 45,075 _ 2.58
Grand Total 4,923 | 138,880 26,046

Note: 1) Average number of persons per household 6 o
2) Estimated total consumption is almost same’ as those5reported
by the Authority.
3) Average per capita consumption of the two calculation result
is equal to 115 lped. ‘
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4.5 . ANALYSIS ON WATER SUPPLY AND CONSUMPTTION

..4[5.1 . Angeles City Waterworks .
' (l);xComﬁarafive Study on Production Amount and Consumptién

Total water 1ntake amount in all operating wells and water con-
_ sumptlon in the service area were estimated in the prev10us section. Intake
amount ‘is 11 060 cu m/day, while- the total water consumption was estimated
'at 4 700 cu. m/day, Therefore, approx1mately 45% of the intake amount ap—
 pears to have been- consumed. However as discuqqed under  the item "Total

_Wafer Conqumption,f

there is a high posslbl ity that addltlonal wvater are
_being used by a considerable number of faucets assoc1ated with unmetered
connections.  In this 1nstance, 70% of the intake amount was estimated as

being consumed.

The survey for eqtlmatjon of unaccounted for water/not utilized
water Was conducted in the model study area (Refer to APPENDIX 4,5,1). The

terms are deflned as follows'

:Unaccbuntéd—fOr ﬁater :
“Water for which charges are not collected, Part of utilized
‘water at’ unmetered conpections is regarded as unaccounted-for
‘water  (Exceeding water volume to that correSpondihg to the flat
charge cohnecticn with reference to the unit charges of metered
cOnnéctidﬁ)
‘Not'utilized_wa;er : _
Water whiéh is not used at both metered and unmetered connec-
tioﬁs, Water used at the illégal connections is included in this

category.

AR The survey result revealed that 15 and. 20% of distributed amount
:.correspond to unutlllzed water and, unaccounted for water, respectively,

:These percentages seem to be dbove the Cifyfs average due t¢ the character-
.fiéﬁicS of 'the model area éssociated with water use pattern and present

" practices of water supply.
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(2) Unaccounted-for Water

Accounted-for water in the service area was caleulated tO'include_

water consumption for connections adopting flat rates. the average unit
quantity of water use at unmetered/not functioning meter was assumed as

follows:

a) Domestic Connection

i

0.5 cﬁ.m/conn.day

0.67

1/2" connection : ((R18-B14)£0.8 + 10)430
3/4" commection : ((R40-B32)+0.8 + 10)+30

b) Commercial/imstitutional connection

i

1.38 cu.m/conn.day
2.02
2.98

1/2" connection : ((B90-R40)+1.6 + 10)+30
3/4" comnmection : ((B145-B64)+1.6 + 10)+30
1" connection : ({(R255~R128)+1.6 + 10)+30

-

%

Accounted-for water for the unmetered/not functioﬁing meter waé
estimated using the above average unit quantity and number of connections
by the size of service comnections (See APPENDIX 4.2.5); TABLE 4.5.1 shows
the total of accounted—-for ﬁater. Accounted-for water which is .3;100
cu.m/day resulted in appfoximately 30% of produced amount, Accordingly,
unaccounted-for water was estimated at 7,900 cu.m/day which is 70% of the

produced amount.
4,5.2 Baiibago Waterworks
(1) Comparative Study on Production Amount:an& Consumption
T§ta] water production of Balibago Waterworks 1is reported to be
about 6,200 cu.mf/day. On the other hand, the average water consumption 15 

~ approximately 4,400 cu.mfday in January 1986 and 1984,

.Approxihately, 70% of broduced water appears as being utilized 1in

this system,
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TABLE 4.5.1 ACCOUNTED~FOR WATER FOR THE WATERWORKS

" Consumer : Ttem : No. of : Unit :
Type : 1 Connections : Quantity ¢ Quantity

(cu.m/conn.day) (cu.m/day)

- Metered 971 - 1,123

_ : 1/2% 2,553 0.50 1,277
Domestic Unmetered 3/4" : 15 0.67 10
Sub-Total - 3,539 : 2,410

Metered 278 - 269

Commercial  Unmetered 1/2" 298 1.38  © 4l1
' 374" ' 5 2.02 . 10

" 5 2.98 15

Sub-Total 586 | 705

| Metered 1 - | 14
Institutional Unmetered 1/2% 2 1.38 3
Sub-Total 3 17

TOTAL 4,128 ' ' 3,132

3,100

(2) Unaccounted-for Water

There 1s only one utmetered connection in the service area.
Therefore, the total water consumption reported may be regarded as acecount-—

ed~for water.

Unaccounted—for water corresponds to that discussed in the former
. comparative siudy.between'production and consumption. . Approximately 30% of

“the total production is considered wastage,
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4.6 EXISTING SANTITATION CONDITIONS

4.6.1 Drainage and SEWage Disposal

The city has no layout plans for its drainage qystem.- Surface

runoff flows into the drﬁinage pipes and into the rivers crossing the city.

Domestic and commercial wastewater is usually disposed of - at prlvate septic

tanks or pit privies.

In some cases, wastewater is discharged directly into the rivers..

4.6.2 Solid Waste Disposal

Daily collection of garbage and street sweeping is implemented in
the ecity. There are six (6} dump trucks used in COllectlng garbage in the
city and are dlsposed into a 10 ha area in Barangay Cauayan, 5 km west of

the poblacion.

An average of 100 tons of garbage is collected and disposed of

daily,

Other residents in the area dispose their refuse by burning and

dumping in garbage pits and sometimes in vacant lots,
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CHAPTER 5 POPULATION AND WATER DEMAND PROJECTIONS

5.1 GENERAL

Future water supply plan for Angeles City was studied based on

collected data and discussions with the city officials.

The target year for the lomng term dovelopment is 2010, while the
short term development was designated for 1995. Furthermore, the period
for the Short Tevm Development Plan was divided inte twe stages with 1990
and 1995 as design years. These design vears were considered ﬂwing'to the

time constraints and complexity of pipe installation in the built-up area,

Potential service area was studied taking inte account technology
and economic aspects. Water demand to include consumptions and unac-

counted—for water was estimated.
5.2 POPULATION PROJECTION

Population projection was made wusing break-down method,
Provincial population in the future was first projected with reference to
the existing NEDA projection. Projected provincial population in
assumption of growth rates were broken-down In Angeles Citv using the
sharing method, Likewise, population im wurban and rural areas were
predicted, Finally, population by barangayv in the urban and rural areas

was projected based on historical data.
5.2.1 Population Projection of the Province and City

Assuming the growth rate trend to decrease, the growth rate trend
of NEDA projection was compared with the historical growth rate of the
province. The 1980-1985 growth rate (2.59%) is approximately equal te the
éctual growth rate (2.54%) of the province in the year 19/5-1980. The
(1985-1990) growth rate (2.26%) of NEDA was applied for 1980-1986 popula-
tion projection of the province. The 1990-1995 and 1995-2000 growth rates
of NEDA were applied in the projection up to year 1995. The NEDA growth
rate which was projected up to year 2020 was used in the projection for the

year 2010.

)



As a result of the study, the provincial and city POPU13ti°n were -
projected to be 1,894,460 and 363,740, respectively for the yeat 2010. The

projected populatlon is summarized in the following Table:

TABLE 5.2.% POPULATION PROJECTION IN THE PROVINCE.AND CITY

Province City ' -Provincial

Year | Growth \ Growth o ' Population
Rate Population Rate  Population (%

(1980-1986) | (1980-1986)

1986  2.26 1,351,140 2.91 224,290 16.60
1990 1.76 1,448,810 2,52 247,750 17.10

1995 . 1,59 - 1,560,040 2.27 274,570 17.60
2000  1.49 1,679,780 2.20 304,040 18,10
2010 1.21 1,894,460 ~ 2.06 363,740 19.20

FIGURE 5.2.1 shows the population-projection of the city in comparison

with NEDA projections.
5.2.2 Population Projection by Barangay

The population of the urban area and the rural area were
projected by their population percentage tremd in relatiom to the City.
Each barangay population was ﬁrojected by their percentage trend to the
urban or rural area population (See TABLEs 5.2.2 to 5.2.4). TABLE 5.2.5

shows the projected population for each barangay.
5.2.3 Projection of Number of Households

The total number of houqeholds in Angeles City 1ncreased from
22,025 in 1970 to Al, 521 in 1983. ¥rom this ‘total number of households;
&I 095 are situated in the urban area while 426 are Iocated in the rural
area (See TABLEs 5.2.2 and 5.2:3). The number of households_ln the city was
projected to be 72,650_in 2010, based on the'projected number of persons
per household (See TABLE 5.2.6).



ALID $313ONV

) . . gN) uoraveloag "PIR ————
NOi LVINdOd _ _ (VaIN) d "PIH
g3L03r0HS GNVY IVOLHOLSIH  1727¢ JENStES (vazy) uorzveloig ySTH —.—
uotzeIndog wiTsag
SANEDET
v 3 A
0f0N . Q002 o1, [e2:1 ] Oh.m— 0s6l On.au [+1- 4] Dmﬁ ON.@_ O_.&ﬂ ooe!

ool

e s e b IQE

ela3 3

(o131

o0s

ONVYSNOHL NI

NOlLvINa0d

e,




SNsua) TPUOTIJRYN <204iN0G

1261 Sv9°gE 8L1°%T <70z © proyssnoy
0G° 001 00-001 00001 00" 00T E ITeo1s4 Te10],
6674122 758881 %9161 Y4G g T wotaerndod
9z% <8¢ 81¢ 977 pIoyesnoy
0% 1 ge T 71 A Te301 03 3usdasg TeIny
188°2T 029°7 912°C £79°1 uolaeindod
G60°TY 092 °€¢ 098°€Z 65.°17 |  proyssmoy.
oL 86 1586 €586 6186 12301 03 FUesiag ueqan
¥5E4917 7174991 846 gyl [16°26T uwotaerndog
€861 0861 GL6T 0161 - wa3] 2oy

- A3TD

seTo3uy

‘SYZ¥V TVHNE QY NVENL NI SUIOH

ALLD SHTIDNV

ASACH 40 WILWIY GNV NOILVIALOd E€°¢°S ETEVL



“000°LS

DTOU3STOY

9861

089°2L 06866 09T LY S oLEtTY 12841 $h9°ee

067001 00001 00001 007001 007001 00 00T 007001 Juss18g T2301

OvL4€9¢ 00 40€E LS vLT 0SL* LYY 062 97T sez 12z 7£8g8T woraendod

084 019 GES 09y oty 9zYy 4: proyasnoy

071 0TI 0zl 0Z°1 0Z°1 g1 6€°1 EREREEY; TRany A
0LEy 059°¢ 00E ‘€ 046°C 026°7 188°2 029°7 uor3zTndog -
0L8°1L 08L°8S 0L9°2¢ 008 ‘97 0£6°1Y $60°1% 09z €€ proyesnoy

626 8786 8786 886 0L°86 0L 86 19°86 Jusdieg uzqg
0LE 6SE 06€ ‘00€ 0124142 082972 0LE412T - 5sERIz 712981 uoraerndog

0102 0007 $661 0661 €261 0861 we3T zo1y

ALID SETIDNY

SYTEY TVENE QNV NVEYQ NI NOIIOZLO¥d SCTOHASAOH 20 MAGRAN QNY NOIIVINLOd €'2'S HI4VL



57T ceztiLe TR BTMT 8L17we %317 16T 51072 EEIAETH fvaol
EIA] 607 00T I88°T 58t 007001 029°Z - 81¢ coTo0T] 9122 99z 007001 - L19°T Tv301-9n5
git 7Y B LT 401 $7°9Z | 989 0& 8T L] 0% Tseree] 198 BAGEY  CZE] .
5T PR AL vl R 44! JB1T L9621 6L 58 6L°87|  8E9 Sg50C| L& FaputH |t TCLTVERY
A CwziIL ! Te 911 66°1¢] 8¢8 66 05 IE] 869 0Z°9%t! 69S Cpnrand  Of
9y L0071 BEE 9% 7ozt | <1t Ty ISR 4RI 7¥ 4 _ welrny 67
$607Ty ] ODOCI] %SL7RIC 0%z ¢t | 00°0CI[ %1z 981 0veTLT 007001 §v6 8yl 6.1 | DOTOOT LT67ZET Tei0l-qng
Ity 180 79671 . 9Ty 0T SI6'1 8045 11 228 1 951 112°2 FRITLEN
. : soT #p usdita g
0ES s{°T | 8IS . SOt 1172 ore's e 00°c | €9y’ 6977 | £8'¢ (uoroutqeg)’ o
: ; oTIESCy ~01§. [T
769'z 869 | LLL'el $91°z 9.9 $65°CT CEYSMT s | 2688 1348 ¥16'¢ oRuywog- *035 97
08 €' 1 | stet2 (4:33 L0801 ceLtz - ey RL'T 959'7 [ 910°1 ] 035313 "WI§ ST
5901 6072 160'9 276 vz 788'¢ 91L 9T¢ STLYy ®0"9 | £9C°S o
. : : (NI0OVEIL) PRPIVIAL “EIS HT
0T 088 064'11 $98°T 0g*s §6L°0T. L8n*1 L9 66T 6 0%°e 99°% ®1TSIIIL *¥3§  fT
sZvtT 9i'g £91'8 6221 £6°€C 0gY' L 96 Ty | 982’9 8Ly 9ve*y oseqiuedeg 72
£8¢ 201 | 'L 114 p1°1 €12 4-F4 FARN TLE'T L2711 T6%°1 peinqitedes -T2
1% 86T £1C'n 68t 972 OLE'y L 6672 1 ISY'% e 65y sefodty ves 'O
867°1 $°g vZErL 9401 wh g 86L°% £6¢ 8L°C 0y0°s z6°¢ 1g's @sof ueg 6T
08T e oLg't 70T 82°¢ %019 069 26°2 LiE'y 00"% T66°¢C . ueundeles g1
058 $1°Z wZL'Y COL 0Tt 0Tty L0% $1°2 002t £0°1 69¢'Y Tn¥exeR Banyng 7 f
§i1 rAg} IEAGN 0481 850 0L0'T 8¢t $9°0 LL6 LSO 194 pranze) funing 391 '
198 19°¢ nig'tL 6Z2'1 0% €o%‘Y¢ £20°1 95 % D649 68"% 7679 ayngduning. ¢t
95n°1 189 1. Big'vl wo1'Y 414 T0£°¢T 109°7 e €601 0s5% 186°S ueptieg 91| KVEEN
e oo 1| w612 BLZ t670 | zeL'T 841 £0°0 | €801 021 965° 1 -Suedmeg . "(Y
167 980 | wig'I 192 6270 | €89 512 T6°0 | 94U SL*0 %66 soBaeR 71
779'¢ 912 875'51 980'z 9g° s TL6°6 88¢ ot gIs'y 70" Lhe's segeqeled 1T
057°1 £5°¢ §12%¢ 1811 0ty v6%' L 750'1 VAR R T A 519 £91'8 Isey Ing §IpaneT QT
£8('1 £9°¢ LTE'L LRI 20 636"t £01°1 it AR S0°¢ 6009 m ang sapamel ‘4
86" 5¢°¢ 10911 $88°1 019 | TeL'I1 [T (zertovzetor 19 21101 i 1sanyIION FRPINOT B
9681 vl | -808°61 LT 2879 | 074777 621 08°¢ | 8798 Se°S L CLT'L _ wANy - L
915" 1 09°¢ ] e8! §6E'T AR R 1V A §02°1 00°¢ + 9nv'e £6°¢ | 088'¢ 0309y "R .0IT[D "9
605 87T | 9Ltk n6L €01 Sin'e 162 w01 2651 9t 0 o8% eiedey ¢
80L°: 08 n1l 0TStk Z8C'S 80°CT) et RS- N 6178 115' %1 0Cc IT| S19°%1 oZeqrieg v
ATAR 8C°7 | 161'¢ vt 781 7' e 681 LCR 950"2 §6°0 | g9z'1 seunuy T
172 09°0 | §0L'% 6.1 0%°0 97171 €1 040 | e - Hrswy o 7
16 LR IR A se8 97T | 189t S6L 67°C 1 106" G0 | 685"y otzesoy 13p 'V 1
| IN3D . Ix3D bATER] . 1R3D
clon3snon | ~¥3¢ | NO11vindos | GloMIsnoW | -w3d | noTivineod | anowssnon | -¥34 | ROILVINGO4 | @loWasnow | -¥ad | No11vineod AVONYEYE YIEY
L £861 0881 SL61 0L61

ALID SHTHONY - AVONVEVE AH NCIILVIOLOd +'7°¢  wTavwL



P

DoomLtest | Desteiz ﬁ boosetevr I oeetee | i opEetegt | ” Te3s]

A oot 00T | OoL'e ._oo.DOH 0£6°T  |00°00T 076°C M 00*001] 029°Z 007 00T M . 1230L-4N5 .
060° 1 0677z | 098 rgETgz 1 09 ¢t 05¢ NN T T 9779z | unqel "7t | g
88T jostor ) DI0%T l15- o i 006 UMY 068 L EETOL BLL €L 67 SUTUTR "TE | ;
owp‘T  LO0TEC ¢ OLO'T  14€°Zg . 096 r O%6 AR AR 3 66°1¢ pnand ‘Qg | Teany
o6y toe'tt I ose ~mm.HH m 0se 40w brotrr st ALREA uedeny gz N ”
oLEfese lontoat 4 02 1LT jooroot | 0847497 | 007001 0LEZT ¢ 00°00T| Tz 98T |00 00T 12101-4n5 | h
0zs'¢. (oiC § oZz'r 1Z8t0 i 00T 980 %6 T P 680 | ST6°T Lo SOTPauGY SOT ap UsIATA 8T ; !
OngE 09 Oo008%% evtT b DTE'S iz I 7L < 4 0E6*¢ T {qed) otresoy 015 ‘7 :

;o0TL'€T 0979 ] 088UT 16679 W OLTIOT 16679 f 0uS'rT - 8G9 1 €ESUZY 1649 o3urLog 01§ 47 |

Po0ET'E {0670 ! oro'c  JeT v o g9s'r TTTY ., OT18'Z £T°T | £6L°% 0§'T | Q3ISTID “©I§ “GT . m

i079's grz b oTttr lzetr o 086%% 19971 D809, S172 2E5°% 2677 PERPTUTIL “BIS w7 ; “

|o028°LT 0078 w UZ'eY 1€Z°S 1 DLB'TT [0E°S 0L8'TT | 9¢7§ €840 08¢ BITESABL “BI§ g7 _
foogstIl 1OSTE . 0S8°6 €9°¢ ¢ OI0'6 [R9°€ [0} AN - T WA 4 oEy s 66°€ oaeqduedes *727 | !

{oaLg'T 080 N e €670 w -osefz - 1960 ozzfer 1 0071 TET*Z 8171 peanqrredes -1z A

PooLote oty b 0ESTw (90T p 0Tv's 08T ¢ 061%w | 88'T ¢ &LC%y se-e SETOJTN UES "0F !

p0%8iTT jofTe . OI0%6 IEE y C0BI'E wEtC po OBETL L 9ETE [ 86679 7y #sor ues - 41 W

CO0LERT l00Tw i 006°6  §9TE ) .owefg dgetg ) 0T8'c o oewe L w019 87°¢ aedunderes gy :

; 056°4 WOH.N ioosltg €12 oYz s ¥1°¢ 0949 1 ST | EOT'¥ 072 tndexey Suning /7

Po008°T o5t G | o8I icto | oosziI 570 0sT'T 0 . 0L0't 8570 poanoes Suning - 97

foosetor foote | 0s0%6 LR S L 4 £ € ovgL o wste o E9%Yd 0w nynqdunTng 41
Owp'vT 10879 | LYIBT {1879 I 049%9T {1879 080°stT | Tg'% w TOE €T LAl wepueg 47 | ueaqan
06 ¢ 08°T | OTE°E ARG N Y A 4 £1°1 ose'L 20°T | ZEL'T €670 Suedweg -£1
065°€  |00°T | O0LFT 1670 | o512 88°0 005°1 520 | £59°1 £2°0 ao81eR 21

LOoTT'6T 0T 8 PooogLf0T Iwete 1 oTEf®T |Bvs 06291 9€°L | TL6'6 reg g seuzqeTel {1

- eiz's O£ ! ogofg 86T ! 098 L 12°¢ 0og‘ L 5£7€ 1 meRiL l20°y 1Seq ang. $9paney QT

I geo‘or joerz . [ ovE'B gz ¢ i 0SE'8  {Tv°g LTI B L AL 1807y . ang $epanoT -§
0ZTATT 0vTE L OW0TTT [wvte i 00L'TT j8Lvw 00T § 9075 .| TEIT  |0T°9 159AYIION SPPINGT - g "
057°BZ  (p0"8 i -095°0Z igsts 1 QTZUBT. [w9Te otz 9T | €70 | oTL'z z8°9 S1uRang vy :

Iooiz'g joez fooer'g  lzote oy 086°L 8z ¢ 098's  lewtg | wOL‘L LA B 0199y "W QiABD "9

P08zl lostE f 09w'y o 1BE'Z CO6*% {002 S oRLE 071 AN €671 edede) ¢
06019 {00°4T I o1e%z0 |zersl 0BLLE  [wvisT oL% et 16T | 8Z€vT 90°€T ‘o3eqitey ¥
018°6T - 107y e B - TA Q01fL (067 0aL's 1 09T [ wTvie ¥8° 1 sgpunuy g i

boostr tovo 0£9*T 090 %'t 0970 OEEY P 0970 | 9TTY g 0 Srsuy 7 !

(VAL [e9'T S £ £ v 4 oREfST T RTz bLo'g 6277, | L89y (A oTAESOY TP 'Y °1

luoraeyndogiiuadasg | woraeyndog[Iuso1ad | UoT3=(nA0diIuadiag | uctieTnaogd] juadaag(torIetndogl 3uadiag feduriryg mu..:...,_

W 010z U SB6T 08T R ;

SAYONYEYE 40 NOILVING0d Q31DILO¥d

L ALID STTEONY
P

HTEVL



059°7L

. 000°ES

1¢5° 1Y

06£°68 06T Ly 0LE‘TY Swsfce SPTOYSSTOY -
: . J0O Zaguny
} : TB30L
10°¢ t1°s 81 ¢ TN 627¢ Le"g 19°¢ -proyssnoy .
12d sucsisg
084 019 )% 09y o%y 9Ty G8¢ spiouesnoy
: S 30 xaquny .
. CTRITg
08¢ £0°9 %79 979 €99 8L°8 0g"9 pTOYasnioy
: . : xad suosizg
0.8%1L 08L°8S 0L%°TS oomhm¢ QL6 1Y $60°1% NI TARR Sproyesnoy
. . FO -Izqumy
. ueqan
008 11°¢ L1°% LT°% 8C°% 1£°§ 09°¢ piayssnoy
aed suosasg
" 0I0Z Gz <661 0661 9861 €861 0861 wajl BRIV

fEVIEY qﬁMmemz< NvEdl A8 STIOHISNOE A0 YIEHAN ONV QTOHESAOH ¥dd SNOSY¥Ed 4

ALTID S3TIONY

0 NOIIDArQdd 9°7°6 T4Vl



5.3 POPULATION AND> AREA TO BE SERVED BY THE PROPOSED .
WATER SUPPLY SYSTEM

. Potential service area for the long term development plan was
established covering 19'barangays with a total land area of 1,990 ha (See
FIGURE 5.3.1). These barangays wi1l enjoy the water supplv in the target

year. The following conditions have been analyzed in selecting barangays.

o Existing water supply system :
o Ldéation, eSpecialiy ekisting bﬁiltnup area and futoere develop-

ment'plan”

Reﬁbﬁe areas. like Sapang Bato and Pulong Cacutud are excluded
since Level 11 systems are already plOVlded or are proposed by the City.
”The area served by the extstlng Balibago Waterworks is excluded from the
ACWS as it 1s:c0mparat1ve1y soundly managed. Also, there is no advantage
.to. cbnsolidate it _iﬁto the . ACWS .due' to limited grbundwaﬁer resources
available in Angeles.City The left bank area of the ‘Abacan River is

.11kew1se excluded from the study. area.

The stﬁdy area recommended- for the Short Term Development Plan is
located within the existing service area. It covers 19 barangays with a

land area of 750 ha ‘as shown in FIGURE 5.3,2.

‘With regafd to the subdivisions, most of them located at the
 outskirts. of the'city have their own private water supply system managed by
the private sector. Some -have an immediate water supply plan, though they

use ]etmatic/pltcher pumps at present

Inciuéion of these subdivisions intq the ACWS would be favorahlé
" because of their proximity.to the Citv's core. Such would also encourage
the effective use and cpnéervation of gfdund water in the Angeles City
area, This idea should be éxplared further particularly between the ACWS
éndithe suhdivisions before the implementation of the City's water supply

Pfdjéct, especially on the'qdestinn_of water charges.
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Sexved population at pxeeent was investlﬁated through interviews
with the conce531ona1res Approximately 1.3 times of primary users was
estimated as the actual population served. . Served percentage by barangay
and city total in 1986, 15 shown in TABLE 5.3, i. The served percentages
for the nineteen barangays range from 1,8 (Cutcut) to 48.4 (Sto, Criste),

while the average of the related baran?aVG is 17.3%.

The setved percentage for each barangay for the debign years was

establighed in consideratlon of the rLsult of market Survey as follows:

1990: - Minimum sérvéd_percentage wag placed at 20 for each respect-
ive baféngay'populhtion. However, if present served popula-
tion is larger thén the estimate for thé_year_1990, the
present was used, The percentagé for Barahgay Maiabaﬁas was
calculated con61der1ng the maximum area to be served in fhg
rlght hank of the Abacan River (10A of the barangay total)
Twenty percent was decided on-the asgumption that Limited
improvement /expansion of service cdnﬁectioné may be more
practical for  the target year based on_the preéent situa-

tion, though main pipe line will:bé'feplated/augmented.
1995 Sixty percent {60%) of the respective bafangay population
was used excluding'Brgy. Malabaﬁés, which may be satisfac-

tory and practical level for the Phase I work.

2010;: Eighty percent (80%) of the total population in the related

barangays is recommended.

TABLE 5.3.1 summarizes berved percentage and served population bv'

barangay at present and in the design years

The service area to be covered for each de51gn year was recofi-

mended in accordance with the fo]lowing concept:

5 -12
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a) Phase T, Stage 1 (1990)

The area to be covefed is the same as the existing service area;
since most'of_the_work'would include improvement/replacement of main
pipes. In addition, time constraint will only afford a slight increase

of served percentage from the present one.
b} Phase I, Stage 2 (1995).

The area covered is highly populated extending from the existing
service area, Sixteen subdivisions in the related barangays associated
with existing service area (See TABLE 4.1,1) were considered to be

given priority.
) Phase 1T (2010)
All built-up areas in the recommended barangays will be covered.

In addition, the residential areas out of the recOmmended'baréngays

located near the fringe of the former service area will also be in-

cluded.
5.4 WATER DEMAND PROJECTION FOR THE PROPOSED SERVICE
AREA

5.4.1 General .

Future unit water consumption by consumer type was.étudied.usiﬁg.
data of May, 1986 and the results of fields measurements. Serﬁed popula-
tion and number of connections by consumer type for the prospeéfive service
area were also studied. Water demand projection for tﬁe proposéd area was
'finally made based on the total of water consumption and assﬁmed ratio of

unaccounted-for water to the total demaﬁd.
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5.4:2 + - Design Unit Water'Consumption by Consumer Type

(1) Domeétic_Uﬁit Water Consumption

Aﬁerage'pér capita consumption at present in the ACWS was ésti-
mated ét 148 - 1pcd, while 115 lped in the Balibago Watevworks. The city
average_figure was estimated based on the asgumption that served population
include secondafy users /borrowers (30% of primary users). The figure was
deemed teco high, which may be'attributed to the low water rates imposed in
the area; .The average consumption of the Balibago Waterworks may be taken
as thé.basis forffﬁtufe unit water consumption. The annual rate of increase
was.taken fromfthejLWUA Methodology Manual, ITABLE 5.4.1 shows the pfoject~
fed'pef capita consumbtion from 1990 to 2010.

TABLE 5.4.1 ANNUAL RATE OF INCREASE AND PER CAPITA CONSUMPTION

Year _Rate of Unit of Consumption
Increase
(B (1pcd)

1986 - : 115
1990 2.0 124
1995 1.5 134
2000 1.5 144

1.0 159

2010

(2) Commercial Unit Water Consumption

The.daiiy aﬁerage'water consumption of commercial conmections in
' the City was calculated at 1.0 cu.m/connection from the metered consumption
and number of connections., This will be taken as the basis for the future
commercial unit consumption. The unit consumption was assumed to increase
iﬁ_fhe=future'aﬁd the annual rate of increase was taken from the LWUA
Meﬁhodolggy“Manual.j TABLE 5.4.2 shows the projection of commercial unit

consumption,
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TABLE 5.4.2 DAILY AVERAGE COMMERCTAL UNIT
'WATER . CONSUMP'TION

Coefficient of Unit‘Consﬁmption
Year Density Increase (cu.m/conn.day)
1986 1.0 1.0
1990 1.1 1.1
1995 1.3 1.3
2000 1.4 1.4
2010 1.7 1.7

_ The number of commercial connection was éaléulated_ using the
connection density increase ratic’ from .the LWUA Methodqlogy ‘Manual.
Present density rafio was calculated at 2.1 (no. bf commercial connections
= 586/served population = 27,600}. The projected number of coﬁmerqiél
connections per 100 served populations from 1986 to 2010 is shown in TARLE
5.4.3.

" TABLE 5,4.3 CONNECTION DENSITY RATIO

Coefficient of No. of Connection
Yegr Density Increase per 100 Served Pop..
1986 1.0 2.1
1990 1.2 2.5
1995 1.3 2.7
2000 1.4 z.9
1.8 3.8

2010

Note: Figures in the LWUA Methodology Manual were
modified according to change of base year,

rs

{3)- Institutional Unit Water Consumption

There are only three imstitutional éonnections in the City Water-
works while there is none in the Balibago Waterworks. The only insti-
tutional metered connectlion (a hospital) in the City Waterworks had a
metered. coﬁsumption of 13.8 cu.m/day. Since there. is only one metered’

consumption, 1t cannot be assumed as . the repreéentative institutional

5«16



consﬂmption in the area., Therefore, the fipures in the LWUA Methodology
Manual will be used, TABLE 5.4.4 shows the projected institutional consump-

tion,
TABLE 5.4.4 FUTURE COMMERCTAL UNTT WATER CONSUMPTION
AND CONNECTION RATIO
Ve Unit Water Consumption ~ Connection Ratio
ear .
(cu.m/conn.day) (conn. /population)
1986 3.8 1/2,000
1990 4.5 1/2,000
1995 5.3 1/2,000
2000 6.0 1/2,000
- 2010 ) 7.5 1/2,000:
Note: The future unit consumption and projected commec-
tions was based on the LWUA Methodology Manual,
5.4.3 Water Demand Projection

Daily average water conéumption by consumer type was estimated
based on the study results on:fhe unit water cbnsumption and projected
number of connections/served population in the proposed service area. The
Cify total water consumption by consumer type for the desigﬁ years was

summayized below.

TABLE 5.4.5 WATER CONSUMPTION BY DESIGN YEAR (DAILY AVERAGE) .

No. of Connéctions Water Consumption {cu.m/day)
Year Domestic Commérc.. Inst. Total Domestic Commerc. Inst. Total
1990 7,128 937 21 8,086 4,632 1,031 101 5,764
1995 19,678 2;?53 51 22,482 13,661 3,580 272 17,513
2010 33,5?1 6,393 83 40,047 26,745 10,870 627 38,242

Thé.water consumption was projected from 4,700 cu.m/day in 1986

to 38,200 cu.m/day in 2010.

The percentage of current wastage which was analyzed in the

previous section, amounted to approximately 55%. However, provision of-
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meters to the unmetered connections which  have gohsiderable number ‘of
additional faucets could reduce the above percentage. The future figures

were assumed to be 40%, 30% and 20% in 1990, 1995 and 2010, respectiyely.-

The same barangays were recommended both for short and long term

development plans., TABLE 5.4.6 A, B and C present the result of demand.

projection.

Water demand (water supply amount) in 1986 is approximately
11,000 cu.m/day, which is almost the same as that in 1990, However, ag—
proximately 5 times the present demand will be required in the year 2010.

Paily average water demand by design year is summarized as follows.

TABLE 5.4.7 DAILY AVERAGE WATER DEMAND BY DESIGN YEAR

Unit: cu.m/day

Year . ' :
. 1990 1995 2010
Consumer Type - :
Domestic 4,600 13,600 26,700
Commercial 1,000 : 13,600 10,900
Institutional : 100 300 . 600
Sub Total 5,700 17,500 38,200
Unaccounted-for . _
" Water : 3,800 7,500 9,600
Total 9,600 25,000 47,800

5.4.4 Demand Variations

The ratio of the daily maximum and peak hour demand is a function

of the served pophlation.
a) Daily Maximum water demand
The ratio of the daily maximum water demand to thé.daily average

water demand was determined iIn proportion to the service population as

follows:

5~ 18
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" Ratio R Application

Served Populatibn
(Daily Max.:Daily Ave.)

Less than 30,000 . 1,30 ¢+ 1

1.25 1 1  Phase I (1990, 1995)
' Phase II (2010)

30,000 to 200,000

- Over 200,000 1.20 : 1

b) Peak hour demand (Hourly maximum demand)

Peak hour demand was estimated in proportion to the daily maximum

water demand and service population as follows:

(Peak Hour Demand x 24) [ (Da:ly Maximum Demand)
2.2 - 0.3 x log (Served Population/l,000)

e
il

‘Phase T, Stage 1 (1990) : 1.7
Stage 2 (1995) : 1.6
Phase IT : 1 1.5

Demand -variations by deésign year were caleulated using the above

mentioned ratio as follows:

g : Unit:éu.m/day
Demand 1990 1995 2010
‘Daily average 9,600 25,000 47,800
Daily maximum 12,000 31,300 59,800
Peak hour . 20,400 50,100 89,700

5.4.5 Number of Connectibns

Servlce connections were classified into domestic, commerc1a1 and
institutlonal The total number of connectlons for each category was pro-
jected in accordance with the LWUA Methodology Manual, Tt is expected that
the waterworks wjll have total connectlons of 8 086  in 19%0; 22 482 in
19953 and 40,047 in 2010 The number of connections by consumer type, and
by barangay for the de51gn years, were referred to in TABLE 5.4.6 A to
5.4,6 C.
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CHAPTER 6
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CHAPTER 6 WATER RESQURCES

6.1 GCENERAL

The study of water resources for the City was made with a great
emphasls on groundwater which may be the immediate and future solution to
meet the increasing watetr demand, Obtained data werc used for evaluation

of the groundwater to be utilized as water supply source.

An analysis of surface water resource using long term discharge
records of the Gumain River was alsc made to seek for alternative resources

for long term development.
6.2 PHYSTOGRAPHY

The geomorphological coverage of the study area includes the
hilly to mountainous flanks on the west and the wide plain crossed by
numerous creeks and other minor surface water bodies which generally com-

pose the drainage network of the municipality.

The mountainous area which characterizes an elevation reaching
about 200 m above mean sea level was found onlvy in a limited area in the
west {major portion of this feature is part of Porac, another wunici-
pality). The plain which has an average slope of about 7.7% has a well
defined barangay i.e., almost covering the entire region and is genérally

composed of alluvial deposit.

The City is highly urbanized but a pevcentage is covered with a
non productive commercial forest and almost half is cultivated for growing

crops,



6.3 METEORQLOGY:/

6.3.1 Rainfall

A climate of the first type, dry from November to April and wet
‘during the rest of the year, prevails in the area. A summary of rainfall

data of Angeles City is given in FIGURE 6.3.1.

The annual mean rainféll was recorded to be 2014 wm with maximum
and minimum values observed in August (460 mm) and Janiary and February (13

mrt), respectively.
6.3.2 Temperature

The anrual mean temperature in the area is 27, 7 €. The coldest
was registered in the month of January to February (26°C) and the hottest

in April to May (29°C) as shown in FIGURE 6.3.2.
6.4 GEOLOGY

1he alluvial fan formation is the erosional products of the
velcano in the western mOuntaln ranges and comprlseq the dominant geologic
unit in the area, which conslsts of sand to gravelly beds associated w1th
clay ‘and volcano materials. The alluvial fan formation was ‘replaced by the
deltaic formation Qith_inter~fingering relation on the east. The aliuvial_

formation was estimated to be wmore than 200 wm thick.

The plio-pleistocene formation underiies the alluvial fan in the

area but it was difficult to clarify the Boundary of the both formations,

The wgétern part of the study area lies on the hills and mountai-
nous region, which was identified to be of pre—plioﬁené age (bagsement

rock).

1/ Source: Socio~Economic and Physical Profile of Angeles City, 1980
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Geological profiles across the study area are shown in FIGURES
6.4. 1 and 6.4.2, which were prepared on the basis of the geologlcal logs of
existing wells taking strat1graph1cal knowledges into consideration. In
Section A*Af (Refer to FIGURE 6.6,1), the extent of alluvial.depbsit is
shown to rgach.a basement rock formation in the west. In the plain, contiQ
nuityfof the ubper 1ayer was defined. In Section B~B', i.e., N-S lineament
in caléﬁlation of some Balibago Waterworks System, Inc. wells (section) was
not established due to different descriptions of the benetrated layers,

hence, Suppositional_faultsIWere believed to exist in their region,

As eaq11y visualized from geologic proflles, ‘most of the beds
gently dip east 1In propertion to the grad1ent of sround snrface. Each bed
trends from west to east continuously, while beds are complex with a ho-

‘rizontal change in lirhology.
6.5 SURFACE WATER

There are two princilpal streams; Abacan and Porac River, in the

study area and surrounding area flowing from north to south.

"The Abacan River has no flow rate record, but during field
inspection conducted in June 1986 (start of wet season), a very small flow
rate (estimated amount of 5 to 20 1/sec) was observed in the downstream of
the Abacan River. Some of the surface water in the  area convert to
underflows because the river bed comprises permeable materials in the

downstream of the river,

The discharge records of the Porac River for the past sixteen
yearé (£946~196i5 Qere_analyzed to aséess the probable discharge of the
study area since the chafécteristics of the Porac River basin 1s similar to
the stﬁdy afea.-.Analyééd probable minimum baseflow discharge for 10 year
return period is 17.9 cu,m/sec or 1.3{ ﬁm/day. But the other study done by
the jiCA fof the Gumain River Irrigation Development Project in February
1985 -gavé little reliabtlity on these records due to the fact that mno
'mbdifigéfioﬁ_had been.made to the conversion curve from water level to flow
raté of the river nbtwifhstaﬁding the change in the river section by fre-
quent flood and predicted'the'moﬁthly average runoff as shown below using

the following equation.
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Qp = 0.7 x Q X (Ap/Ay)

Where, QP :.Runoff in the Porac River
QG : Runoff in the Gumaln River |
AP : Basin area of the Porac River {111 sq.km).
A, Basin area of the Gumain River (114 sq. km)

Month Average Runoff {cu.mfsec) -
January 1.23
February 1.12
March. 1.48
May - 3,20
June 6,20

CJuly 10.96
August 15.30
September _ 17.09
October - 6.54
November ' 3.34
December . 1.71
Average 5.35

Accordingly, available water amount of the Porac River can be

expected to be approximately 1 cu.m/sec in the month with a minimum

flowrate.
6.6 GROUNDWATER
6.6.1 Water Point Inﬁentory

Many wells have penetrated the fan formation in the study area as
listed in APPENDIX 6.6.1. There is no geological information on a signifi~

cant number of shallow wells with depths ranging from 5 to 30 m. .

There are some well log data with geological énd groundvater
information as shown in APPENDIX 6.6.2, Most of these well were const-
ructed by the BPW, while the others were by fhe Cify Engineer’é Office or
some'other private firms like the Balibago Water Works Inc. The litﬁoldgi—
cal interpretation of the data may be considered reliable. However, there
are not enough data on the aduifer test, The general 1dea of hydfégéolcgiF
cal profiles 1s presented in FIGUREs 6.4.1 and 6.4.2, although geolaglcal

information is not enough.



6.6.2 Groundwater Flow Conditions

A groundwater level counter map 1ls shown in FIGURE 6,6.,1. 1t was
drawn using the result of water level measurement conducted during the
study. The general direction of groundwater flow is from west to east and

the average hydranlic gradient is 14/1,000,

Groundwater level shows a seasonal fluctuation depending on the
“balance between the quantity of water recharged and discharged from the
basin concerned. . Groundwater table trends were examined using data at
présent and in fhe'year when the wells were constructed, The results are
simmarized in TABLE 6.6.1. Most of ﬁells except for Porac (Ho. 42) showed
a_déciine'of water tabie, although the rate of decline is negligible rang-
ing  from 0.03 to 0.11 m/year. This result suggests that average annual
draft 1s nearly equal to annual recharge on the basin. However, it is
questionable whether obtained data on the water level in different years
‘represent of not thé-long term trends urder the similar meteorological
conditions or accidental water levels. Further assessment for the ground-

water trend may be required using long term well-hydrographs,

TABLE 6.6.1 RATE OF GROUNDWATER DECLINE IN THE AREA

JICA-LWUA _ Location Depth ; Becline
: 1 : .
Well WO. (m) Water Peve (mbgs) (w/year)
o o Initial 1986
16 "Mining 26.5 1.22 ('58) 3,54 0.08
20 Sapalibutad ' 48.8 1.22 ('58) 3.34 .08
22 Pulung Cacutud 13.7 3.66 ('60) 4,51 0.03
31 Pampang : 25.0 - 4.88 ('58) 6.07 0.04
34 Cutcut 152.0 3.66 ('84) 3,87 0.11
42 Macantian, Porac 14.9 10.647 ('56) 10,17 0.01




6.6.3 Aquifers

Pre»PlLocene formatlons ‘and volecanic rocks whlch form the wthern

mountain ranges are hydrogeologically fuuctloned ‘to impelmeable layerq.

Within the study area, the alluvial fan fdrmation Contajns__
aquifer syétem. The total thickness of the aquifer system is not clear but

may infer more than 200 m.

The aquifer system mainly consists of Clastic_fdfmation including
fine impermeable clay;'éoarse:permeable sand,:gravél, and "adobe" (local
name of a sort of tuff). “Semi-permeable beds,'usﬁally a clayey sand and
grafel compose considerable part of the system, It is difficult to clarify
the strata whether.théy are impermeabie or semi-permeable from the well log

data.

Shallow Aquifer

Shallow -aquifer under unconfined condition, which consists’ of
sand and.gravel, has an extensive dlstrlbutlon ranging from 10 to 40 m in
thickness. In the study area, utilization of the shallow aquifer is limited
to Level 1 water supply. The depth of shalléw welis is about 6 m and the

well equipped with pitcher pump is being used for domestic purpose.

The BPW cdnstfucted-shallow wells from 1956 to 1967 for potable
water supply in Angeles City.'and nearby municipalities (Porac, San
Fernandd); The depth of these wells rénges from 11 to 48 m with 100 to 112
mm diameter caéing. No ?erforation was provided to the caéings owing to
open bottonl hoieq. The characteristics of the aquifer ‘of the selected

. shallow wells are summarized in TABLE 6.6.2.
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TABLE 6.6.2 SUMMARY OF- SELECTED SHALYLOW WELLS

Well No. Depth. Tested . Draw- Specific Trans- Location
JICA  Original Well Yield down Capacity missivity Barangay/
o (m) o {m) (I/min) (m) (I/min/m) (eq.m/day)  Municipality
19 17992 . 34 - 76 . 0.6 127 150 Pandan
' : _ _ ' Angeles
32 17993 25 133 0.9 148" 180 Pampang,
o o ' Angeles:
42 13155 15 140 0.6 229 350 Macantian
o : ' S ‘ N Porac
44 13158 12 49 0.3 164 - 220 Manibaug
L ’ o _ = . Pordc
62 - - 20771 26 38 0.3 126 150 Baluga Vill.
R o 1 Angeles
63 17989 . 25 66 0.6 105 110 Malabafias
o B ' ' ' : ' Angeles
71 13162 21 38 0.3 126 150 Sepungbulaon
. . : ' Porac

The data, 1n the table reveal thét :specific capac1ty of the
properly de51gned ‘shallow wells ranges from 105 to 229 1/m1n/n1 with an
average of 145 1/min/m: Inferred transmissivity ranges from 110 to 350

sq.m/day with an- .average of 180 sq.m/day.

_ _Accdrdingly, shallow aquifer may be expected. for the production
ﬁclls,: if .ﬁerennial groundwater table could be kept within 10 m below

ground surface.

Deep Aguifer

. As described before, thickness of the alluvial fan formation in
the study atea was estimated to be not less than 200 m, The maximum depth
among existing wells in the area was reported to be 243 m, while the aver-
age depth about 120 m. Based on the collected. geological logs, the thick-
ness of the permeable beds was concluded to be 70 to 100 m. = However, the
thlckness of aqu1fe* varies locally, as shown in the geological profiles.
.The aquifer in Porac (No. 65) is much thicker than that in Angeles City.
 Thé:chafécfefistic§ of the aquifer for-the.selected wells are summarized in

TABLE 6.6.3.

. Aquifers _seeﬁ to exist under seml~confined or confined

conditions. The specific capacity ranges from 60 to 212 1/min/m with an
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average of 136 I/min/m which is slightly less than the. figure of shallow

aquifer.

Traﬁsmissivity of the deep:aquifer calculated using above formula
fanges from 50 to 370 sq.m/day with an average of 200 sq.m/day. The figure
is glightly higher than the figure of shallow aquifer.

TABLE 6.6.3  SUMMARY OF SELECTED DEEP WELLS

Well No. Depth Tested Draw- = Specific '* Trans—] Location
JICA Original well  Yield down Capacity migsivity (Barangay/
{m) (1 /min) {m) (1/min/m) (sq.m/day)  Municipality)

CL-36 237 . 2,543 25,4 100 (180) o
o . Porac
6 PS-6 120 985 6.4 = 154 . 200 Pandan
' " . Angeles
7 Ps-7 214 821 13.7 60 50 . 'San Joaquin
' - Angeles
14 PS-14 148 602 3.7 163 (370 Elem.’ School -
. ) Angeles '
24 BUS-6 183 1,970 14,6 135 160 Lakandula
_ ' ' - 'Angeles
66 BWS-7 92 1,806 8.5 Z212 310 Dau
: Angeles- _
67 ° BWS-8 92 2,496 15.9 157 200 Henson Vill,
: : . Angeles”
68 EFZA 92 869 8.3 . 104 (150) Export Proc.
‘ Angeles
136 (Average)

* Transmissivity in ( ) are obtained from the existing well inventory shown

in APPENDIX, 6.6.1.

Tt 1is difficult to define particular beds or portions as the
potential aquifers due to lack of detail screen schedules in the collected

well log data,

The aquifers located in. dépthé' of 50 to 100 m wmay . be useful; for
groundwater production, The variation of specific' capacity _15”“h6t 30
conspicuous_from the data on the sélécted'wells, but it cah-be deliheated
using all collected data. ' Aquifer potential associated with specific
capacity in the. western portion of the 'h'ighway up =to Mabal.aca'_t may. be

slightly higher than that in the eastern part of the highway,
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In general, the variation of the aquifer potential with reference

to the location (horizonﬁally and vertically) may be comparatively small,

However, the actual yield of the well may be different from each

othér depending on the well design and the manner of construction.
6.6.4 ‘Groundwater Recharge

Groundwater recharge to the study area is provided vertlcally and
horlzontally. Vertical recharge by rainfall was analyzed by means of the
relatlonshlp between 1a1nfall and well- ~hydrographs. The result of analvsis-
on the recharge by the NIA for Tarlac area adjacent to the Province of
Pampanga may be applicable for the study area. Fifteen (15)% of rainfall
or 323 mm/vear was calculated for the Tarlac area. Recharge rate in the
study area was calculated at 302 mm  in the year 1983 - u51ng the study
result . Rate of horizontal recharge was also analyzed using data on bage-
flow runoff'_ As.mentioned before, rate of hbhaseflow runoff in the month
with a minimum flow at the Porac River (drainage area of 1180 84, km} is 1.0
cu.m/sec (0.1 mm/day) Accordlngly, it may be inferred that recharge con-

tributed by the. Abacan River 1is 0.54 mm/day based on the following assump-

tions.
Drainage area of the Abaean_River : 37,5 sq.km
Afea of 1nfluence by the draft : 90.0 sq.km

0.1 mm/day x 37.5 sq.knm
= 3,750 cu.m/day

Baseflow runoff to the area

..

Recharge to be contributed to the area: 3,750 cu.m/day + 90 sq.km
= 0,04 mm/day

: Statistlc'data on rainfall in 1983 was taken into aceount and the

rate of total recharge to the study area was roughly calculated as follows:

-

Rechérge.by rainfall : 302 mm/year = 0,83 mm/day
Recharge by baseflow ¢ 0,04 mm/day
" Total recharge to the area = 0.83 + 0.04 = 0.87 mm/day
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