b4 WATER CONSUMPTION

b.ob.l General

The avallable data on water consumption in the service area were
those for the month of June, 1986 The total number of connections includ—
-1ng the domestic, institutional and commercial éonnéctions by barangay is
shown in TABLE 4.2.4. The water consumption by barangay during the month
of June was also provided by the Provincial Office,

‘The per capita consumption was estimated based on the daily water
consumption and estimated population served in consideration of secondary
users/borrowers. - The total water consumption is the amount of the metered

“consuymption plus the estimated amount of the unmetered consumption.
44,2 Cabuyao-Sta. Rosa-Bifian Waterworks
The water consumption by metered connecticns and by'consumer type

for the month of June, 1986 is summarized below (water consumption by

barangay is given in APPENDIX 4.4.1).

: Water Consumption
Consumer Type

{metered)
Domestic 2, 947 cu. m/day
Commercial 65
" Ingtitutional B (
Industrial ' 136 "
Total 3,151 cu.m/day

_(I)IIUhit'watep Consumption

- The unit water consumption by consumer type was estimated using

the data on the water cbnsﬁmption by metered users,
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a) Domestic Connection

An interview with concessionaires, covering all the existing

_gervice areas was conducted  to get information "on the served
popu]ation, which included the primary u%ers/borrowers.

regults revealed that there are a congiderable number of

'he interview
secondary

users/borrowers. (Details are given in APPENDIX 4,5, 1)

The average percentage of the secondary useis/borrowers against

the primary users for each Munic1pa11ty is given below:

Cabuyao Area : 20%
Sta. Rosa Area : 40%
Biftan Area - 1 50%

The average unit water consumption by municipality was estimated
baged on the daily consumption and the served population obtained from
investlgatlons. TABLE h.h.1 shows the daily per capita/connection
water conoumption. The average figure in the total system is 151 lpcd_-
or 1.231 cu.m/conn.day. This figure is larger than the common figure
in' opher municipalities. The per capita oonsumptioﬁ' by barangay
ranges from 90 to 175 Iped. The followihg are the average'figures iﬁ

the three municipalities:

Cabuyao : 173.6 lped, 1.250.eu.m/cono;dey
Sta. Rosa : 151.7 1ped, 1.274 eﬁ.m/eonn.day
Biftan : | 121.7 liped, 1.094 cu.m/done}dey
Total : 150.8 1pcd, 1.231 eu.m/coon;day

Althoﬁgh the overall average figure.is calculated at 151 lped,
the average fipure of majority of metered domestic connections is’
about 120 lped. The calculation basis is glven in TABiF 4'4 2. fABL |
4.4.3 shows the basic data on the water consumption by the range of

water coneumption.
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TABLE 4.4.2 WATER CONSUHPTION BY RANGE IN THE TOTAL SYSTEM

Range of Water Ne. of Conn. _Monthly ..Percegpage - 'Réﬁarks
Consumption (Domestic) Consumptlon ... consump.
(cu,m/conn.) : '
0-10 cu,m/month 292 1.916 12.2 2.2
11-30 930 18.998 39.0 . 21.5
' 51,2 . 23.7
31-50 624 24.580 26.1 27.9 .
77.3 51.6 - 2,138
: : connection
(0-10 cu.m
“./month to
51-70 cu.m
_/month)
51-70 - 292 17.355 12.2 19.7 B
89.5 71.3 62.849
cu.m/month;
2.095 cu.m
/day
71-100 : 175 14,593 7.3 16.5
' : 96.8 87.8
100 over 77 ~ 10,811 3.2 12,2
100 100
Total 2,390 88,253 .
Conditions: |
Water consumption : 2,095 cu.m/day
Number of comnections - : 2,139
Ave. no. of persons per connection t 6 .
Ave. % of secondary users to primary users : 40% (average of Sta.

L : ‘Rosa) . . .
Average per capita consumption . '

2.095 / (2,138 x 6 x 1.4) = 0.117 cu.n/cap.day

120 1ped

BN
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b) Commexrcial, Institﬁtional and Industrial Connections

There.jare 14, 7 and 5 metered connections for commercigl,
institutional and industrial uses, respectively, The average unit
water consumption by the user type was estimated as shown in TABLE

4.4.4, The following is the overall average of unit water c0n&ump—

tion.

Commercial : 1.115 cu.m/conn.day (average of 13 connections
. excluding one big establishment)

Institutional : 1.357 cu.m/conn.day

Industrial : 26.840 cu.m/conn.day

(2) Total Water Consumption

The tOtal_wéter consuﬁption by municipality was estimated as the
sum of the consumptions obtained from metered and unmetered comnmections,
including those from the not-functioning metered comnections. The'cbnsump—
tion of the not-functioning metered and unmetered connections was calculat~
ed based on the number of each conmection type and the average unit water
consumption of the metered connections. TABLE 4,4.5 presents the calcﬁla—
tion results. The'water consumption by municipality is given below in

rounded off figures,

‘Cabuyao - : 1,050 cu.m/déy
St. Rosa : 1,850 "
Bifian : 850 ™
Total : 3,750 cu.m/day

Generally, water consumed per connection'at'flat'rate cdnnecﬁions
is Iarger than that in the metered connections. A total of 214 a&ditionél
faucets was calculated from collacted charges and water rate (See TABLE
4.2.4 .and APPENDIX 4.2, 3) These are not considered as the registered con-
nections in TABLE 4.2,4. The ‘additional water consumption ‘may be calculat-
ed using the average unit consumption (metered domestic) of 1,23 cu, m/day

and number of additional faucets. A total of about 260 cu.m/day ‘was
estimated for the additional faucets. :



*BS0Y "BAS UT (x) udm&&wwanmvmw sspulsng $1q suoc Burpnyoxe 2inSyy sfeisar

) @30y

Ov8 5S¢

AAR!

LSET £ €6

(s11°

1)

I129°% 71 L°%9

TVLOL

- — —

—— - B

14971 L €701

£€9’
Al

1
I

'(\.0--4
~ w0
.

1B30L-40%
oZupmo(g ‘03§
23U UBS
ssof umg
OTuO3UY UBS
uoToBTq0d
ol1a3eTd
UBGBRTER

zed ®1 2Q

[ T
OO S W D P OO

ueyTy

O%8°9¢
006" %
L8074
gC9°¢l
££07°56

-y

i

[

AR

08%°1 Y
006" 1 €

£E0° LT £ 1°16

€ET 7Gx 1 2708

£ee’o
£L9 0

T2301~4n5

- ode3eg
BuTTqedER

- seqe]
eqBql

21I(

BIEA

111 4z8ueaeg
11 Ae3uraieqg
1 AeBurivg
oBeqITEg
virTdy

- .

*

A r

0

e ST N A 0N O
-

2S0Y *®?1Q

-

€221 & L€
L8917 T Z°2

- — -—

0SL"0 z 1

001°T 7 g

¢

0011

o
L35a

K
o

- TBI0L-qng-

BTES
ve81g

111 4eSuzieqg
11 Ae8ueawg
1 feBueiey

*g
°h
e

T

"1

oednqes

‘wa
*TUOD /W N

‘308un0) - dmnsuo)
ATTR(Q

2 3JoO

*ON

-ABp “*3DBuno)  dumsueh
*UBOD/U RO JO *ON

Amp

*3o8Uuon .aaﬂmﬁov

IBLA3SNpUT

: HmsOwusuﬂude

-

ATIR(Q .Gﬁou\E.su IO COoN . ATTRQ

HMHUHWBEOU.

Le8ueieg

Z3tTed.

~IOTUNR

- SNOTL umzzou QMMquE
QZQ TYNOIINITISNI “IVIOYMOI0D Y04 NOIIJANSNOD ¥HIVM LINO

L wZOHHUMZZOU AﬁHmwmeZH

¥ 9ty ETEVL

4 -~ 29



8 LsLE T°0STE  [£°£09 L8Y SE°TT. - T 2 001 § R £gys 69% 130
5198 . C LS vk 162 6°% K2 3] g 17608 78 1rie1-qag -
157 i €51 21 - - - - €751 Tyt odutmeq .~ol§ §
97ig [ A2 Yy ¥ - - - - Ry v IUIITH WeS ¢
£Ugs yece 6°TE /]S - - - S X 34 0t asop ueg 9
LA L] 0" 11t ST1El oY - - - . - FE I 0zI oTUoIuy ueg g urury
£°191 o1 L 06 08 vy € v L S §°8¢ Szl TOTIE[QOL ¥
R4 158174 £ £ - - - - £ £ 0133®Y4 §
0" 6% §*L 1 1g 34 gt 1 ~ - 96z Iz ueqayey
9" 97 g | [ AL Il - - - - TET A zeg e[ 3¢ 1
et ERCLTATIE DAY ¥ A 101 51 1 o1 Z g 921 26 12301-90§
6717z €0z 9L g - - - - g°¢ g edefey 11
561 21 £ 1 - - - - ke 1 Suriqeren 01}
718 05t v'9 g - - - - %9 § seqey ¢
9°8L 6L I/ z - - - - ST z eqeqy 3
BLIE (1 847 g 91 £t 1 ¢ 1 - - €781 FA Y ¥31g ¢ | esoy ‘eig
S Y6y '8y ety y - - $°0 1 2t € ={id 9
58y 50y 1'% Y - - - - 1°¢ ¥ Il . e
€92 1°€y2 £° 07 9% - - - - £° 0% - II " y
ERTA SUR & T 2 QR A ¥4 61 - - - - kAR 14 61 1 AeBuexeq ¢
070Ts 9° 8% L4 9z - - S0 T 6°1¢ 194 ofeqrieg
_ 6"%% 19819 v'9 3 - ~ - - ¥ 9 ¢ eLetdy [
. Pi¢W0y = uorl CRTEOT 8°cds g est 66 3 Y i1 R o TLL 68 12301-9n5
~dwnsued *3p1q fedidTuny | 4°gg1 AR 2% SR kA £ 6 AN - - - 0 01 g 2y85 ¢
: ET%el £°%2T [0°0 4 - - - - 00t g zedrg v
87781 (- LA LA A 1 k4 - - - - oLy %1 IIr ., £ ovhnge)
£°192 79z  {1°SE 8z - - - = artst 2z I1 Ae3uveleqg 7
9" 967 LARATAREE FAR &1 9¢ L't £ I AR IS r g°gc it I AeBusaeq I
w\ﬂﬂ v\ma v\ns [uo) 3o *of mwmﬂ U} jO TOH ﬂmma Tu9d (o ‘o ﬁwwa *U0) 3o o
‘W *dumguo) dumsuoy {e10L-4ng IRUOIINITISUE © TE1023MWIBOYD RS EET-EN] feSueieg. humamw
Ie30l : —TOTUNY
g PIIIIY 3939W INOYITA pue pIIFIvm BULUOTIDUAIUOM

NOLLIWASNOD BILYM TVIOL NV ¥IITW INOHLIN/CHYILEN
ONINROILONNANON ¥0d 3dAL YAWISNOD Ad NOLLAIAASNOD d31¥M G %"% ET1EVL

30



TABLE 4.4.6 shows the revised water consumption by mﬁnicipality.

TABLE 4.4.6 REVISED DATLY WATER CONSUMPTION BY MUNICIPALITY

Unit:du.m/day

Registered Additional  Faucet

Municipality Connectiohs Connectiong Consumption Total
Cabuyao 1,050 53 65 1,100
Sta. Rosa 1,850 7 9 © 1,850
Bifian : 850 154 190 1,050
Total 3,750 214 264 4,000

Note: Total is rounded off figure.

Accordingly, the total of the daily average water consumptions is
estimated at 4,000 cu.m/day. This comprises the volumes of 1,100, 1,850,

and 1,050 cu.m/day for Cabuyao, Sta. Rosa and Bifian, respectively.

4.5 ANALYSTIS ON WATER SUPPLY AND CONSUMPTION

4.5.1 Comparative Study on Intake Water Amount and Consumption

The relationship between the total production and the water con-

sumption was evaluated using the data collected during the field survey.

.Thé flow rates on a daily average basis along the major. pipelines
are shown in FICURE 4.5.1 based on the field examination (Refer to APPENDIX -
4.5.1), | |

The - total production is 10,450 cu,m/day. Of this, 2,200, 5,900
and 2,000 cu;m/day are distributed to Cabuyao, Sta. Rosa and Biﬁan areas,
respectively, TFIGURE 4.5.2 presents the felationships between utilized and
ﬁot—utilized‘water productions by municipality using the above water vol-
ume. The definitidns of the unaccounted-for water and the not-utilized

water are as follows:
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Unaccounted-for water:

Not-utilized water:

water for which charges are not collected.
Part.of utilized wvater at the "unmetered con-

nections is Eegarded as the unaccourited-for

" water (exceeding water volume to that corres-

ponding to the flat charge/connection with

reference to the unit charges of metered con-

nection).

~ Water which’ is not used at both metered and

umetered connections. Water used at the il~

legal connections 1s included in. this cate-

. gOYY.

The percentage'df not=ut{lized water to the distributed water

from sources by mﬁnicipaiity is given beiow:

sources in the entire

Cabuyao 50%
Sta. Rosa -69%
Biftan 487
Average 60

At presént,

only 40% of transmitted/distributed water from water

system is'e5timated as utilized water,

The percentage of utilized water in Sta. Rosa is quite low, espe-.

cially in the area along Bifian l1ine, There seem to be some special prOblems:

in the said area that a detailed investigation will be made immediately by.

the Provincial Office,

The average percentage of utilized water'to_the_transmitted/dis«

tributed amount may be concluded to be approximately 50% at present based

on the following:

ay

b)

.Transmitted/dlstributed amount excluding the said area. in Sta.
Rosa: 8,100 cu.m/day

Utilized water (water consumption) in the same_condition of item
a) : 3,500 cu.m/day | |
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:c) Meter reading in the fleld during interview survey vevealed a
- larger water consumptibn of about 20% than the average daily con-
sdmptibn calculated using water for the moﬁth of June, 1986. 1In
addition, there is a high possibility that unmetered concession-
alres (453 faucets in a total of flat rate connection) use water

more than what is estimated which is 4,200 cu.m/day,
4,5,2 Unaccounted-for Watey

_ The unaccounted-for water was estimated by municipality, and was

discussed in the unaccounted~for water/not-utilized water facility survey.

The acecounted-for water are those consumed by metered, unmetered

and not-functioning metered concessionaires,

Of thé total water cohsumption, water consumption associated with
unmetered and not-functioning metered users was estimated using collected

charges and present water rate as given below:

a) Unmetered chhections + Due to present water rate for the flat
charges, the connections with one faucet and those with addition-
al faucets are taken into account, - '

- Connections with one favcet : 18 cu.m/conn.month

-~ Additional faucets ": 1 cu.m/conn.month

b) Notffungtioning meter : Average consumptiom per connection was
estimated using average charges collected per conmection and

water rate strucrure for metered connections.

: TABLE 4.5.1 shows the accounted-for water based on the aforemen-
tionéd coﬂditibns. ‘Approximately 90% of the total water consumption rele-
_Vant_to the,accoﬁntedmfor water corresponds to the metered connections.
The3aébbuhteé?for.water in the entire system was estimated at about 3,600
' cu;m/day,iwhile abéﬁt 6,850 cu.m/day or 65% of the total production are the
uiaccounted-for water (See TABLE 4.5.2).
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4.6 EXISTING SANITATION CONDITIONS
§,6.1 ‘Drainage and Sewage Disposal

Open canals or ditches constitute the drainége system of the
thfee'Municipalities. Some of the canals have been grouted with the riprap
1in1ng'6h_hoth sides, 1In Sta. Rosa, about 70% of the poblacioh'and neatby

barangays are served by the drainage system.

Sta. Rosa ig naturally drained by three waterways. These are the
Sta. Rosa River on the western boundary, the Diezmo River and the Cabuyao
' River on the eastern side, which all drain into the Laguna dé_Béy.' The
Sta._Roéa River which traverses the town proper serves as the main natural

drainage outlet.

The pfésent drainage éystem of Bifian is inadeqdate'réSulting in
frequent flooding of some parts of the poblacion every time when there is a
heavy rain. Only the built—up areas, especia]ly those near the public
market, are provided with dra¢nage ‘canals. Stormwater run~-off is drained

to the Bifian River which flows to the Laguna de Bay.

Cabuydo, Sta. Rosa and Bifian do not have a sewage collection sys-
tem; instead, sanitary wastes are disposed through individual septic tanks.
Household sewage aré stqréd/treated'in septic tanks and eventually disposed

to the drainage canals and/or rivers.

Of the 5,188 households surveyed in Cabuyao in 1979, 53% use the
water—sealed type and 22% use the open-pit type toilet f301lities. The
remaining 25% do not have their own toilet facilities.

Of the 3,580 househol&s surveyed in Sta. Rosa in 1979, 56% use
the waqer-sealed type,'lSZ the sanitary 1atrineé, and 5% the Antipolo type.
:Thé.remainiﬁg 247 do not Eave:their.own toilet faéilities. In the 1983
.sufvey; only 36,79 out of 11,650 households have sanitary toilets.

‘Result of the 1978 survey conducted in Bifian - showed that 79/ of

the households have the water—-gealed type of t01let These consist of the
automatlc_ flush (16.72%), pour—flush (59.22%) and the -communal type
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CHAPTER 5 POPULATION AND WATER DEMAND PROJECTIONS

5.1 GENERAL

The future water supply plans for the three Municipalities vere
studied based on the collected data and discussions with the city

officials,

The target year for the Long Term Development is 2010, while the
Short Term Development 1s designated for 1995, Furthermore, the peried for
the Short Term Development Plan is divided into two stages with 1990 and
1995 as design years. These design years are considered owing to the time

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

The potential service area was studied taking into account the
technology and the economic aspects. The water demand, including consump-

tions anﬁ the unaccounted-for water was estimated,
5.2 POPULATTION PRO.JECTION

The population projection was made using the breakdown method,
The provincial population in the future was first projecred with reference
to the.existing NEDA assumption. The projected provincial population based
on the assumed growtﬁ rates was broken down and distributed among the
Municipalities. Likewise, the population in the urban and rural areas was
predicted.. The population by barangay in the urban and rural areas was

projected based on historical data,
5.2.1 Population. Projection of the Province and Municipalities

The historical population trend of the three Municipalities is
the major basis for the population projection of the study area. The NFDA-~
POPCOM projéction was also considered for comparison purposes {See FIGURE
5.2.1). The historical population trend of the three Municipalities and
the Laguna Province is shown in TABLE 5,2.1. ¥From 1960 to 1980 the growth
rates reglstered in the Laguna Province went up considerably. However,
during the same period, the growth rates registered in the three Mu-
nicipalities showed higher values than the Laguna rates. This could be
attributed to tﬁe influx of people due to the 1ndustrialization of the
three areas.

5 -1
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Comparison of the actual population of Laguna Province and the
projected population made by the NEDA shows that from 1970 to 1975 the
actual growth rate of Laguna Province was lower than the dsqumption of the
NEDA. However, from 1975 to 1980 the actual grqwth rate was,highe? than the
assumption of the NEDA. Therefore, to be conservative, the medium agsump-
tion growth rates used by the NEDA were'used'for the projection'of Laguna

Province.

The populatlon projections of Cabuyao, Sta. Rosa and Biflan were
based on the prOJected ratio of the municipal population to the provincial
population,. The historical ratio trend -and growth rates of the ‘three
Municipalities and Laguna Province from 1903 to 1980 are shoym in TABLE
5.2.1 while TABLE 5.2.2 shows the projected ratio, growth rates and popula-
tion from 1980 to 2010. Based on the ratlo trend of the three Munici-
palities, their ratio will all still'go upIWhich means that their growth‘

rates will be higher tham the provincial rates.

_ TABLE 5.2.3 summarizes the population §r0j9ctions' of the two
sources. TIGURE 5.2.2 shows the graph of the historical and projected
population of the three Municipalities in comparison with the NEDA and

municipal projections.
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5.2.2 Population Projection by Barangay

Thé:1970 to 1980 historical populatioﬁ fates of thg barangays,
categorized into urban and rural areas of Cabuyao,:Sta. Rosa and Bifian, are
shown 1in TABLEs 5;2;4.A, '5.2.4.8 and 5.2.4.C respectively. For those
barangays without corresponding figures, it méans_that during the_Study

period the barangays were still mnot independent but parts of other

barangays,

The summary of the historical population and the ratio of urban
or rural areas to their'réspective municipaliéies from 1970 to 1980 are
shown in TABLE 5.2.5. The population of the urban and rural areas were
also projected by the fatib meéﬁod. Bésed‘on.thé ratio trvend from 1970 to
1986 the ratio of.thé rural areas will go up while. the ratio of the urban
areas will go déWn, which means the rural areas will attain higher growth
rates than the urban areas. Thé.projeéted'urban aﬁd rural popuiatibns:and
ratios of Cabuyao, S5t. Rosa and Bifian from 1980 to 2010 are shown in TABLE
5.2.6. ' '

The barangay populatibns weré projected by projecting the :aéio
of'the'barangays to their corresponding urban or rural populatioﬁ. TABLEs
5.2.7.A, 5.2.7.B and 5.2.7.C show the projected populations and ratios of
the barangays of Cabuyao, Sta. Rosa and Bifian from 1980 to 2010.

5.2.3 Projection of Number of Households

_ The historical number of_hoﬁseholds from 1970 to 1980 in the
three Municipalities is shown in TABLEs 5.2.4.A, 5.2.4.Biand.5;2.§.C; From
the }970 to 1980 trend of the number of persons per household,.if.cén be
said that the number of persdns per household in the future ig 1ikely:to-
decrease, TABLE 5.2.8 shows the projected number of pefséhs per'household

and the number of households in the three Municipalities from 1980 to 2010.
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TABLE 5.2.5
POPULATION AND NUMBER OF HOUSEHOLDS BY URBAN AND RURAL AREA
CABUYAD-STA. ROSA- BINAN

Municipality | Area | Itenm 1970 ' 1975 1989 Remark

Pop.” 4,330 4,367 5,132
Urban | Percent 13.48%8 11.96 11.09.

H.OH. 717 719 931

o Pop. 07,787 | 32,138 | 41,154
Cabuyao Rural Percent H4.52 R38.04 3g.91
H.H. 4,381 5,048 6,931

Pop. 32,117 {36,508 46,284

Total | Percent 100.00 100.00 100.00

H.H. 5,098 5,767 7,862

pop. | 7,024 | 7,769 | 8,599

Urban | Percent - 16.99 16.31 13.37

H.H. ~ 1,394 | 1,689

“Pop. 34,311 | 39,870 | 55,726

S5ta. Rosa Rural | Percent 33.01 ] 83.69 86.463
H.H. 6,542 9,961
. Pop. | 41,355 | 47,639 | 64,325

Total | Percent 100.00 100.60 100,00

- H.H. 6,661 7,936 6,661

Pop. - 49,563 55,948 68,043

Urtan | Percent 83.31 32.95 41.31

' H.H. . 9,112 11,915

S Pop. 9,727 | 11,496 | 15,641
Binan 1 Rural | Percent 16.69 L7.05 ig.69
H.H. 1,915 2,630

| Pop. 58,290 | 67,444 | 83,684

Total | Percent 100.00 100.00 100.00

"} H.H. 9,289 11,027 14,545

Source : Hational Censuses

5-12



frmmmmmmmmeee et SEEE TR fommmmm oo Lt T T e e e T

B . T

' 1 09ZCTET ) 0IS'OST § 06TYZET | DSOBOTT | 012°201 ) v89°'¢8 | “dod | | '
! ! 007001 § 00°00T { 00°00T | 00°00T | 00°0GT |} 007007 |} 3uasiad | Te3ol | '
e 1||+|...||||r..|+..!..|.|.r..|..+||..-:.l....l._i.::.u.,:r|+......|||rr..+..:..||.:L||+......|||\...||+i lllll -4 :
: } 0910V f.0Sv'0C o 0£2'9z | 068'ZZ § 0BS'6T ) TP9'ST | ~dog | " uglTg !
| P 0012 f £2702 ) 68761 ) 9%T6Y 1 STTET | 69781 | jusdiag | tedmy | !
pummm———— B e P EEE TR R e e e e D T A + !
! LO0TFTST ¢ 090°02T | 096°G0T | 00G°C6 | 0€9‘28 ! Lv0‘sY "dogd | ' |
; L 0CTeL | L4764 4 STTO8 L pSTOB | S8708 | TETT8 ] jusdiad | ueddn | ;
- e $rmn R Autui et bl bt bt o e e e e m e +
" : | GPBYEST | OSLY6TT | 050°y0T | 08906 | 0fL6l | S2ET¥9 "dog | i |
; 1067001 } 00°00T ) 0CT0OOT § GOTO0T. ) 00°00T | 007001 |} 1us3l4ad | IR0l | '
o e T T T T e et L L EER R i
; _ L OSSTYY | 049'/01 { 0S6°'26 | 081°08 § 085*69 | 92L°6§ ! "dog | { B30y “elg |
' b 0DTge T T2T06 ) 28788 1 2pTB8 ) TLT48 L £9798 | 1uasdad | Teany | '
o mm——— R o e e e e e — e — i
' COBISZY ) 089°TT 1 B2ICIT ! 00S'0T } 0G/'é  fo665°e@ | 0 tdod | : |
! ! 0078 | 676 189701 ) BSTET. ) €22l ) L£7€T | usdiad | ueqdn | !
e e At T e e i ik bl debled kil At e —————
C}o0¥6'SOT L 09228 i 09¥'ZzL | 0EB'LY | 02E£79S | 982°%v | "dog | ! !

1607007 ) 0087 7} 007007 3 00°00T § 0O°DOT | 007007 | 3usddag | [elo} | '

R B et Al D D e e Bt e e btk : H
| B68v6 1 08Z'vL | 0BI'SY ) G6T°LS ) OTCUGS | ¥STIv “dod - : oeAngey |

) } 00716 1 0€T06 1 96768 ] 19°6B ) £8768 | 16788 | jueddaq | [e4ny | N
e T D T e e e D e it DDA Bl |
' | 0Se'6 - ) 0B6'Z 1 08Z'4 ) 0£9°9 | BTG'9 }oger‘s . tdod | ; i
: | 006 ' 046 PY0TOT . 68T0T b £970T . ) 60T . P jusdsag | ueqdn 1
B et e ;n|n+|||nnwuar+|mtrwn;||+1L|||s||¢+:r|l:;;|¢+L|14munnr+uif|y::r|+|:r|||;+||cf:|rr:w||s;+
! jAewsy o Q0I0Z 1 0002. ) S46T ! 0ésT ] 9867 | 08T I - wall | eaJy | Airyedratuny |
T e et LT T e T B et bt B e e

NYNIG-YSOH "¥1S-0YANEYD
Y34Y YUY ONY NVENN AB NOTLD3LOHd NOYLIYINdOd
© 9tz 38vL

13



T e e Tt

B e T et el e I el e T ST R TR

T AR S P 0992 1 028°¢9 1 | ezet9s | 1.382°9% | : : -1ejol | 4

B R e e e At e e s Sl R e e bl i
! 0656 ¢ 007001 § DBTSY 1 00007 06T°4S | 00°00T .4 GIC0GS | 00°00T 1§ vSTfTv | 00007 ! “[R104-gRS ! ;
Fommmeme e e e e i e i e e e e e = e e o
FQov'C 1 09TC 1 089'T 3 TETy Lo0yvie ) LTV 4 0E2'T L lety b8BTt} T9te ! 04PTSI ueg "8T | !
Fo2e'8 § 0878 1 012°S L0078 L oosk'v. ) w4l L 06L°S€ } BSTL 1 89672 1274 ) eTeS /LT | !
P 008's -} .0C76 4 0yetS Po6T°8 1 0L¥'Y (o284 1 08L°% 12874 ) 2T8tT o 80TL | ofnd 91 ! '
1 09¢L 1 08°0 1 089 ! 960 | 086 11071 ) 088 16671 1SS R SO S pueiiltd ST ¢ }
L 0S9'e 1 0ZTOT f 021'9 ) 676 Y DRE'S ) ZIT6 ) oogv'y | 06°8 ) Zes‘t | 8sT8 | uesnIN. "¢ 4 '
}0SCTIT 100721 b pgzte b 2LteT Y 0IvVYL ) 96721 4 029'9 ] STTET  f 085°'S ) vyUer | BTUrAel “£7 | '
P 0668 1 0676 L 0DLB'9 L 8PTOT 4 0819} T80T [ 045°S 1 BOTTY ! ATL'v } LvTIT prieuwen “g1 | i
LOLTE L B476 1 DET/L L £OTTT 1 098'9 S LYTIT L 0S6°S 1 €8°T1 } 886'S f 9g7eT | ~ poTng STT | fedny |
i 006 P S6TD ) 04L } BTTT } 02 L 92°T 1 099 4 vl S I T:19 T 2 S OWZ3TG “01 ! }
1084 P 0671 4 098 Ak S N T4 V6T ovs 9T 649 i 88T} 8TISRY "6 | '
POSB'S 1 B2Te 1 Q%822 L G¥te b 0Eofz 4h9STe ) DIBCT ) 68°E o) 02S'T | 69'e | Suoing g | '
L Bgeie L 00°0T ) 04€'S ) BLT6 L 06S'S TLT6 - ) 09BY 1 99°6 ) 6%6'T } 576 eebrg "/ | !
POvs's 1 STT6 0 ) G69°S U} Zvt8 -} 089‘Y | 81°8 | oTo'v | 8&"L ) e9T'eL 6974 atjueg "9 | i
PDSE'L Y ovRTB ) 0RB&'V L ow9°L  j 0Z2fv  oBCTL ) 0T9'E ) 8ITZ  1.628'Z | 4879 | deueg-deurg °S | '
L 02Z'C L 0kTe 06T 98T 1 0EeTT ) SCTE ) OB9'T ) opete ) Z48fT )27 upderoRg "¢ | i
tmmm— ittt Db R B T e Bl St T e +
i 0S¢'s . 1 00°00T } 082°/ 1 00°6OT | 0£9'9 4 007001 } 0769 1 00°08T } 2EI°S ] COTGOT | 78301~Gng !

T e T e ah At B e e B et e e L TR T L beh

L o9egie  } 0STWE ) 0Z8'C f €67TE 1 090°Z 1 £0°TS 1 O88'T | 6£°0L- § L0S'T 4 9£762 | 111 AeBumieg "g | uedun
nmmm,wuom.mm omonmwmm.mw Lomawq.“qﬂ.mm“omh.q.“m¢qmmummm_anﬂm.mm MH>mmcmgmm.m*
“ “ __ _ “ “ h

0gee 00 3¢ f 0/8‘2 90" 6% L G¥$'Z  } 2876% 7 0TyrE ! Brov 050°2 $L°0% I ApbBueaeg "I
Ao T e T et et s e e D
i 'd0d .t 1u82434!  -"dod | Judduadi “dod ! jus34a4l “dod | j43318d] "dog4 1 juad4B4} iebuedeg Ioeady
; 8102 i CE61 P 0661 | 5867 i (847 | i
O S S LS :

t
i
;
'
¥
'
;
t
i
'
1
'
R T R e R s &

CYNASYT ‘OYANEYD
SAVONYNYE 40 NOILOIL0Hd NOTLYTIN404
Vil Zre 378YL

5-14



Frmwm e}

1.0ve'esTy i 6Sotv0T} | 089'0¢ | ! 0ELteL | T4 3 I | [elog i “
e B s e S i Tt T B e e el 1 '
POSStIYT) 0DT00T § 0S6°26 1 O0TOOT | 0BT'08 | G000V | 08569 { 00°00T | 92/°SS | 007007 ! Tejol-qng H :
Fmm e e m e et T T T T e e B T L et et ]
P GSC6T § 0BTET ] OB9UIT 1.4S72T ) O¥/'6  STTEY o og2's | €8°1T | 91et9 ) €E7IT | cdebel "81 | _
V0OLUST P 0vté 0TL£%6 1 SyTel ) 06£9°8 ) 18701 L Q24°L 1 DTTTIT ) LTY'S ) estIT | ueyteuts -"LT i
y 02T L 06T0 020°T 4 TTT i 0¥6 PLTT 098 I WA SR N4 VAR T W | { obutwod "03s "9 | i
P OyEt6 4 8979 1 0T9°S ) ¥BTF | 069'F )} S8°S ) 046°f | 0L°§ | £s0'f | 8¢S | "ei§ BuoInd ST i
1 0Z0'ST | 0276 ) 028°Z | 2Zv's- [ O¥S'9 | 9T°8 | 6ES°S | S6°L . 28e'¥ ) £97L b ood vl | i
P o9cts Y oets  f 0g8'v ) 27§ V04T 1 02TS f0T9'E ) 6T°S | T6B'Z | 6T°S ATTITIRH "21 '
P gévt8 10079 L ogk'S L vBTS L Cv9'y ) 647 1 808°Y ) SLTS 4 fL4T1'E 6978 ButTgedey T2l | i
§ 064°9 1 0BTy 1 08p'v | 28°v {1 098'% | 28y ) 0sg£'e ) 28Ty} ve9'Z | £8°% | seqed "IT ; [EARY |
10882 -1 0871 $ BIB‘ez { 9T°%  fOvB'T | 6272 i 099°1 | ggre )} IT¥'T | £872 egeqr 071 | i
P00y oewte o088z ) 2L'g fofetz fog8'e foco'z b 16T wéstT i y0Te | 9s0p U0Q "4 4 _
b 02£°TT § 0078 -1 089'L 4 9278 ] 069'9 f 2@ ] 0§B8'S | Iv8  f ovi'v |-1878 | ei1¢ "8 | :
! 08¢'S JQ0Bf 1 0SS 2egTg  jop90'c toeste  lo099'z | 28°¢  LoIevte ) ogete o BIIO OTZ j
VBROCTIT L 0874 L 0S2FL ) 8474 ) BSTT9. v LLtL 0TS ) L4040 FoseRtY o %L uibure]y "9 | :
;i D9B*FT 1 06707 ) O¥E's | 676 1 08BYL ) 9/°6  t 06979 1 .1976 | ¥E2'S | 6276 | oBegifeg "5 i ;
) 048'CT }-08°6 ! OTI'GY | B8°0T | 0Y0'6 i v2TIT ) oTo'8 | £STHT | £99°9 {1 967IT | edeldy "¢ i
R L TP B R Rt S e ettt BT T T B T R e
P0TE*2T 1 007007 1 0CT'IT § 00°00T | 00S°0T | 00°COT | 0S£°s 1} 007007 '} 66S'e | §0700T ie30i-qgng { ;
o hm e B e N e D e R Al oo
L028'S 3 0ST¥Z f OV9'z teLtfT i 0%9¥fe ) 9vTEZ | 02T | veTfe } 8d6'T | £6°2¢ | BRAY JaRARY "L | UBGUR
i 0%2'¢ 1.0S°92 | Q20T ) BITZE |.088'T- | T¥LZ | 069°C- | 08742 | 9é£'e | (8742 | jesnyey "¢ i i
§ 050" 1 .D078¥  09%°S ) 0Tév 1. 091'S F £1T6Y 1 Q6L'v L9176y ] TERY -} peTer ugAnjuBRY T ] i
Fommm— B it Lttt e B T D et T Tl
1 ootdog ) ausddsd!  tdod ) Tusddadl . vdog 1 1uadisgl tdog - ] judd.3d!) - tdod  §juRdred| AvBurieg 1P L AN
i 8108 i G661 i S 66T - i 9867 i . 0861, P R : i o
tommm e e et T T T e e T 1
_ YNNSYT ‘¥S0Y "YLS _
- SAVONVEVE 40 NOILO3ILOHd NOILIVTINJOd

8°L7TAG 38vE

15



+=-:x:-n;«:u:a:u-;+||:a|||i+-;a}|:|1+uuu;;u-a+n::uz:u;+-::s-|:1+rr:-snu:+1-::;u:;+:;:;;r|;+||::

|||||||||| .lll.l...\||.1.l-+|..|||.ll.l
0921671 ! 06728 ! 060°9TT! t Q12207 -} %R9°¢8 | o 1e30} i

+1|||t..||+..||..|t..|+!||l:i..|+..||.....|..1+i|..|...|..|+|....||...ii+.....l.,..l..i+||l..i....,.a+|11..|..||+...|||.-||1+1||..[l||...|..|...t||.:.|i....+

{0910y § 00°0DT .-0£2'9Z | 00°00T | 066°2Z | 0G°00T 1 08567 | 0CG"00T } T¥9'ST | 007001 ! [2101-Gng i

+n1--n-n-+::-u;nnu+znl:;:uu+:-u1:-na+|ia||z::+:a||su:1+|||:||-|+|e::--u|+||nn|a||+:;:'|||;+|a:|13|r|:;nnzc:-s‘r|z+,rn|:||

HI 4 107172 ) 0sS ) S A I (P4 10172 § o1y - ot o8¢ 1) S AN J830d®7 “pg ]

P 029°S ) 0BT¥T 1 02S'E | Z¥TSY ) D66°Z ) £ETCT ) 098'2 ) £0°ET | 600°T | 87217 | ueBygni "¢z |

p079'T 1 009 1 0SO*T ) 00°Y L 0T6 i I8y 1.06L {26y 4 829 j.Zotv | . 0eqBTL ge |

o1t T4 ovts (0SStT f f6°S 1 o08L'TC 079 oo22'Y | v2t9 | 600'T - S¢T9 | 010g-0408 °7Z !

§ 018°C 1 0874 1 0v8'T 1 I0TL  J.08S'T 1 T0°4 0 oLg'TOO Y 104 po960°'T ) 104 uojuy ueg *QZ |

} 095'6 1 08°EZ § 0S£°9 1 Z2Tye ) 00SPS ! SLTYZ ) 06L'% b 9vTve 4 £88'E | £9°9T | | Da9lRId 4T |

1018'2 10074 L QI8'T 1 0679 4. 0SSYY } Z879 ] DVE'YT } s8°9 ) s90'T | T8'? | uesefdioRy "87 !

P0ve 1090 ) 041 P96 ) 08T } §9°0 1} o¢r i 99°0 | SoOY ' 24970 brueley /1 | [edny

P069'T 1 02T ) QIC'T 4 09°% L 040'T Y owity ) 686 ) €8y | f8Y Y1078 . mwo 9T |

L 062 L 84S 1 6SY'T b o2eTe . 4 Qfe2tY -y Ssttg - | 090°FT j-ov"S | tes S eHIYBURTY “GT |

1og9ziy 3 09707 ) 0%4°%T 4 9STOT  §o0S£fZ ) DETOT ) 000'2 ) £270T | 98G°T  ¢T°0T | pueieH “v1 |

P OI8'T 1 GSTe L 0O0°T 4 18°¢ | G6T8 ! BETE 1099 4 6ETE | /8¢ R O opeueg "¢y |

L 018 % 0076 L 0922 ) 88°8 L 0OD'Z ) S8°8 ) ogLtYT 4 oZ8t8  f e4efT | 878 osngefea “zi1 |

1 op9t P o6T0 1 o0IS P L1TT o082 16271} n9Z i 281 ) w22 A S ueyedung "I |

! 08 1 02°1 % o8t Veytt b oppe b 16T ! oBIg b es 1 1 192 B4 S ueurg "or !

+||»|||:|+|:;||:||+|;rr|x-1+||1:||;:+||;|-;|r+luz|||:;+|::|||:a+uuaauwua+n||1;r|1+ruwr;rn|+|r;u::aw:::-ua::::sa||+auus;|1

{ 80T*TST} 087007 | 096'SOT; 0DO°00T } 00G°C6 ) 00007 | 8£9°28 | 007007 | £¥0‘89 | 607007 | [eiof-qng '

+--;11|::+||:z:a|:+:||::|||+||a::|sn+||1qsnna+1|:||1x4+|114|1:r+|:lnluzn+tuur;|un+|una:||1+:-1|11|||1;r|:nrnu-er:+

L pESy L 00°¢ 4 Deste b oepte L OPStE 1o 4ST¢ ) ovyd't | 89°¢  } 6719'2 1 s8¢ ) oButwog "038 "6 !

: 0/8'ST ¢ 08707 ! 02£°IT | 89°0T | .0£0°0T ! mm.oﬂ ! 014'8 ] 84707 | v8gets | osgtor | 33U827p URG "8

Y018t 10576 1 0B0'9 1 9978 1 09€'S JUELTS 0Lty L LLts ) wistes l ovets asop ueg "/ |

b OS6°Z ) 0ST9T 4 GBLY6T } 0T8T } 0ptLT ) §9° mﬁ 1 09L°ST | 80761 b 9TPET L 28T OTUOIUY URS "9 | uRQUp
L 003 ) 00Ty P 0T1Z2'S ) g6ty 068t ) £2°S . 08S'v | BY'S .} S46'L | §8°S uoT3e1God "¢ !

D 0BL'/E 1 00°SZT f 0£6'%2 | 61°8C 1 02ZI'TZ 165722 1 092'8T | G1°Z& | QSSC¥T | 8LTY1T | ueqeiel "¢ |

L pSLTES T 0BTC2 1 G0TYEZ Y0812 | 00002 68” ﬁm VOTESLT | 40712 | STOCYT | 65702 zed ®} ag "¢ |

' gIztT L 080 1 0%8 080 | 0%s 74 4069 - 1 6470 | 0%S 1640 4 311583 "%}
LoDB9TLT S 0LTIT L oO0T‘er o Z¢crT ) 08GtOT | 2g” MM P 00ft6 1 S2TIT | eLStL ) EETIT | Aetequey °T |

tommm - +|z||l|||+|u:\1::1+1:1||;1|+:1||:|||+|l|;:|||+;||suuuu+|t|:|t|:+|:::;|ne+:|r:|u|s4|||:a::nn:nu;:uruxu::x+::;|1:
1 odog ) jusd4adl tdod ) 34834841 “dogd ) jusdaad!  -dod | juaziad)l "dod | Juddddd| . AeBueieg 1oeady
;| T ; SEET I 0661 “ 9851 ! TR “ "

e e Frm e e

et ot it o e et Y VP

YHABYY 'NVNIS :
SAVONYYEVE 40 NOILDIIrGdd NOILYINJOd
3TLgg 38l

-t

1
1
)
'
]
t
+

i
1
]
!
]
i
¥
i
1
1
i
§
]
i
t
)
i}
i
i
i
i
1
[}
i
1
3
L]
1]
'
LR
+
)
t
]
H
3
!
]
]
§
f
t
L}
1
{
§
i
]
i
k
1
I
1
+
]
¥
5
t
+

5-16



$Pe'ie | pIS‘BT | zevtve | 9v0'Te | s12°® SYSEPT  [TH'H 40 "ON

707 CTAS 0%°S AR 19°g ¢L°g "WiH/uesiag) eiog

veL' L 885°S LOL Y 556°¢ 9£8'¢ 0S9°2 | H'H 30 "oN uRutg
02°¢ Sv°S £8°S 0/°S 08°s 86°g “H H/uoS48d]| TeRANY

612'08 | 92622 | SBL'ET | TBOTLT | 6SE'YT | STE'TT  [TH'H J0 “ON|

00§ 278 907§ £y°8 (875 178 THTH/UOSA84] URqAR

T90°Ts | 102°22 | 298%47 | £00%/T | 899°9T | 0SI'TT |THH 4o "o

96" ¥ AN 22°¢ £ 1v°¢ 2878 "H H/uosusg| Te10]

90882 | €10z [ vpSYLT | 8SE'pT | L0s'z1 | 196'6  |HTHM 4o "on eSOy "R1g
00 s 0z°¢ 0278 07°S 8%°S 6578 THTH/UOS 34| TRANY "
¢este sz | 810z Cr1‘e 196°1 6891 "HTH jo "oH

0S¥ 04"y 08¢ 687y L679 6075 THTH/U0SIBG] uRQIR

190°02 | ¢81‘ST { ég0‘cl | 06211 | oo0B‘s 298 L yTHTH 40 o)
81°¢ ze° 8 §6°g 89°¢ 878 687G "HUH/UO0SJ8d| 1R10L

06T°8T | o¥9°¢T § vo'11T | 8voor | 4g9°g 169 "H'H Jo "oN 0BANGEY
Al LS £8°8 €978 6L°% ¥6° ¢ "H H/v0S48d| Teany

148 evs*T 585° 1 Zve1. 1111 186 HTH 30 CON{

ge-s L1°8 92°¢ ¥e° 8 178 16°¢ HTH/uos 34} ueqaq

EELLE 010z | . 0002 S66T | 0861 9361 | 0861 4931 ®eay | A3TTRdTITUNY

mDJOxmm:ox T¥L0L m2¢ m4oxmmmox\mzonmmm 40 YIGKRNAN JaVYIAY mo onhqdmaom

"NYNI9-YSO¥ “¥18- aq»:mﬁu

B8'Z°S 3Tevl

17



5,3 POPULATION AND AREA TO BE SERVED BY THE PROPOSED WATER
SUPPLY SYSTEM

5.3.1 General

The - potential service area to be covered by the water supply

system in the future is established considering the following faétors:l

0 Condition of the existlng water supply system

0 Barangays presently served by the existing water supplv Syetpm
o Population size and density by barangay

o Future development potential .

o Topographical characteristics of the area

The proposed service area of the year 2010 system ig shown in
FIGURE 5.3,1. The number of barangays and the corresponding land areas to

be covered in the municipalities are as follows:

o Cabuyao . @ 15 (3,530 ha)
) Sta. Rosa : 15 (2,370 ha)
13 (1,310 ha)

0 Bifian

~ The barangays to be covered in the immediate projeét'(Phasé T
Stage T, 1990 and Phase I Stage IT, 1995) are shown in FIGURE 5.3.2 while
the number of barangays and the corresponding land area by municipality are

presented below:

0 Cabuyaec : 5 (105 ha)
o  Sta. Rosa : 11 (230 ha)

o  : Bifian : 8 (265 ha)

1t should be streséed that these barangays are beiﬁg servedﬁby
the existing water supﬁly éystem. In the three MuniCipalities, the averago.
population served is 8.5% of the total municipal populations, and 16.6% of
the total population of barangays covered by the CSBWS.
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5.3.2 Population and Area to be Served

The population being served at present (1986) in each bavangay
was calculated based on the assumed percentage of secondary users/borrowers
te primary users by municipality obtained from the field survey. The fol-

lowing are the percentages for the three municipalities.

Cabuyao = 20%
Sta, Rosa = 40%
Bifian = 50%

The populations to be served for the years 1990, 1995 and 2010
are summarized In TABLEs 5.3.1.A to 5.3.1.C. The percentage to be served

in each targét yvear is based on the following assumptions,

1990 :  The percentage to be served in each barangay is assumed to
be 20. But if the population being served at present in each
barangay is more than 20% of the 1990 population, then the

served population at present is used.

1995 : The percentage to be served in each barangay is assumed to
be 60, However, since the present population being served
is more than 60% of the 1995 population, the present figure

is used.

2010 : The planned percentage to be served in each bardngay-for the

year 2010 is 70%.
. The recommended service area by design year is shown in FIGURE
5.3.3, The boundary of the service area by design year {1995 and 2010) was
decided considering the following:

1995 : Present and future land use and existing service area.

2010 ¢ Boundary of the related barangays.
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5.4 WATER DEMAND PROJECTION FOR-THE_PROPOSED SKRVICE AREA
- 5.4.1 General

The future unit water consumption'by‘consﬁmer type was studied
using the data obtained in May, 1986 and-the-results df field measurements.
The served population and the number of connections by consumer type for
the prospective service area were also studied The water demand projection
for the proposed area was finally made as a total of the wvater consumption_

and the assumed ratio of the unaccounted-for water to the total demand.

5.4.2 Design Unit Water Consumption by Consumer Type

{1 Domestic Unit Watey Consumption

The average water consumption per capita in the CSBWS at present
is estiﬁated at 151 1pcd.  For Cabuyao, Sta Rosa and Bifian, it 1s 174, 152
and 122 1Iped, respectlvely These figures reflect the present water service
" level in the locality as’ far as major wateYr sSources are concerned. These
figures were based on some assumptions including the size of additional
population served (secondarv uqers/borrowers), as described in the previous

CHAPTER.

The average per capita water .consumption of'thg majority of the
connections (90% of the total connections) with 70% of the total domestic
consumption 1s calculated at 120 lped. (see TABLE 4.4.2,_WATER'CONSUMPTiON)

The present per capita water consumption‘as a base figure for
design purposes may be around 110 lped (10%Z reduction from 120'1pcd).' This
is due fo reported cases of ﬁastage and leakages in water meters in other

municipalities.
The annual rate of increase for the unit water‘coﬁsumption is

obtained from the LWUA Methodology Manual, TABLE 5.4.1 shows the future

per capita water consumption using the base figure (1986).ofa116 lpced,
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TABLE 5.4.1 ANNUAL RATE OF INCREASE AND PER CAPTTA CONSUMPTION

Unit: Percent/lpcd

Item 1986 1990 1995 2000 2010

‘Increase - 2.0 1.5 1.5 1.0
Rate

Unit Con- 110 - 119 128 138 152
sumption:

(2) Commercial Unit Water Consumption

. " The daiiy averagé water consumption per commercial connection at
present was calculated at 1.1 cu.m/conn.day. This figure is almost the same
. as the average figure for the domestic consumption.' The unit water con-
sumption for the future was calculated using the figure as the base year
and the increase ratio from the LWUA Methodology Manual, TABLE 5.4.2 summa-

rizes the consumption per connection in the future.

TABLE 5.4.2 DAILY AVERAGE COMMERCTAL UNIT WATER CONSUMPTION

Year : Increase Ratio it Consumption

(cu.m/con. day)
11986 1.0 1.1
1990 1.1 1.2
" 1995 1.3 1.4
1.7 1.9

-2010

The number of commercial connections is calculated using the co-
nnection density Increase ratio from the LWUA Methodelogy Manual. Although
. the present density ratio was calculated at 0.10 which is below 0.5% (Group
I in‘the said Maﬁual), the figure in Calamba was used to represent the

aVerége number of commercial connections, as shown in TABLE 5.4.3.



TABLE 5.4.3  CONNECTTON DENSITY RATIO

Ve Coefficient of No. of Connection
ear o _

Density Increase per 100 served pop.
1986 1.0 0.10 (L.5)%
1990 1.3 - 2.0
1995 ' 1.6 S 2.4
2010 : 2.1 3.2

* Calamba Water District
Total commercial connections : 332
Served population : 20730
No. of connections per 100 service popu]ation- 1.6

. (3) Institutional Unit Water Consumption

- The daily average water consumption per connection at present was
calculated to be 1.4 cu.m/conn.day from the metered consumption “and the
number of cannections. The figure was obtained from the limited data avail-
able and it was concluded that present water supply is inqufficient
Therefore, for future figures for design purposes it 1s recommended “that

the guideline in the LWUA Methodology Manual will be used as follows:

1986 1.4 (3.8) cu.ﬁ/conn. day
1990 2 4.5
1995 5.3
2010 ¢ - 7.5

The number of institutional connections will be estiméted'using
the standard. in the LWUA Méthoﬁology Manual; that is, one connection per
2,000 inhabitants in the service area.

(4) Industrial Unit Water Consumption

Big factbries. in the study area have thelr own water supply
system. Furthermore, industrial establishments will be located far from
the built-up area according :to :land use élan prepafed by thé. munici-
palities. The present industrial water consumption (138 = 150 cu.m/day in

a system total) may be maintained in the service area through the future,
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5.4.3 Water Demand Projection

@ The daily average water consumption by consumer type was estimat-~

ed using the study results in the previous section. The water consumption

by consumer type for the design years 1s summarized in TABLE 5.4.4 covering

the three municipalities,

TABLE 5.4.4 WATER CONSUMPTION BY DESIGN YEAR (DATLY AVERAGE)

Year Muni-

No. of Connections

Water Consunption (eu.m/day)

Domes- Com- Inst. Total  Domes- Com- Inst. Total
cipality tic merce Ind, tie merce Ind,

~ Cabuyao 1,098 125 8. - 1,231 738 - 150 38 - 926
1990 Sta. Rosa 2,702 288 29 5 3,024 1,714 345 1346 150 '2,343
Binan 3,220 354 45 - 3,619 2,115 425 205 - 2,745

Total 7,020 767 82 5 7,876 4,567 920 377 150 6,014
Cabiryao 2,083 277 9 - 2,369 1,477 387 47 - 1,911

1995 Sta. Rosa 7,478 941 34 5 8,458 5,016 1,316 182 150 6,664
Bifian 11,062 1,430 51 - 12,523 7,632 7,001 272 - 9,905

Total 20,603 2,668 9% 5 23,350 14,125 3,706 501 150 18,480
Cabuyao 13,693 2,269 34 . - 15,996 10,784 4,311 262 - 15,357

2010 Sta. Rosa 19,733 3,133 50 5 22,921 14,877 5,954 380 .150 21,361
Bifian 23,604 3,806 84 - 27,494 18,083 7,230 634 - 25,947
Total 57,030 9,208 168 5 60,411 43,744 17,495 1,276 150 62,665

The water consumption is projected from 4,000 cu.m/day

63,000 cu.m/day in 2010.
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The percénfagé of the not-utilized wétef to the distributed water
at amouﬁtq to approximately 50%. The future figures are assumed to be 40%,
30% and 20% in 1990, 1995 and 2010, respectively. TABLEs 5.4.5.A, B and C
present the result’ of demand projection. ‘Water demand in 1986 1s ‘approx-
imately 10,500 cu. m/day, which 1s almost the same as that in' 1990. However,
approximately 8 times the present demand will be required in year 2010,
The daily average water demand by design vear is summarized as follows:

1990 10,000_cu.m/day

1995 : 26,000 "

2010 : 78,000 "

5.4.4 Demand Variations

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

of the served populatlon.
a)  Daily maximum water demand
The ratio of the daily maximum water demand to the daily éverage

water.demand is determined in proportion to the service population, as

follows:

. Ratilo '
Served Population (Daily Max.:Daily Ave.) Application
Less than 30,000 1.30 : 1
30,000 to 200,000 1.25 11 Phase T (1990, 1995)
Over 200,000 ' 1.20 : 1~ Phase II (2010)

b} - Peak hour demand (Hourly maximum demand)

The peak hour demand is estimated in:propoftionaté to theHdaily

maximum:water demand and service population, as follows:

]
#

(Peak hour demand x 24)/(Daily maximum demand)

2.2 - 0.3 x log(Service population/1,000)
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Phase I, Stage 1 (1990)
_ ‘Stage 2 (1995)
Phase II - (2010

.
.

I.7
1.6
1.5

The demand variations by design

- above mentioned ratio, as follows:

year are calculated using the

2010

Water Demand . 1990 1995
Daily average 10,000 26,400 78,300
Daily maximum 12,500 33,000 94,000
; Peak hour 21,300 52,800 141,000
5.4.5 Number of Connections

The service connections are classified into domestic, commercial

and institutional'categories, The total number of connections for each

category is projected in accordance with the LWUA Methodology Manual. It is

.expééted'that the waterworks will have total connections.of 7,874 in 19903
. 23,§50 in 1995;.and‘66,411 in 2010. The number of connections by consumer

tYpé, and by barangay for the design years, are referred to in TABLEs

 5.4.5.A to 5.4.5.C.
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CHAPTER 6 WATER RESOURCES
6.1 GENERAL

The collected data and the field survey results are the bases for
the study of water resources in the study area. The major concern in the

area is. groundwater for the water supply.

A well log and pumping test data from the National Water Re-
sources Council (hereinafter referred to as NWRC), as well as existing re-
ports of investigation and publications such as geologic investigations by

the Bureau of Mines, etc., were collected,

An inventory of springs and other existing wells were prepared
during the fileld survey. The survey included discharge measurement of
springs and some free-flowing wells, chemical analysis of some water sam~
ples and verification of locations of these wells and springs. Supplemental
to the Initial data gathering mentioned above, additional data collection
was likewlse undertaken in local agencies 1like the municipal ocffices, the

NTA field office.
6.2 PHYSTOGRAPHY

.The Municipalities of Cabuyao, Sta. Rosa and Bifian have a gener-
ally flat topography (slope=2.5%). They occupy the northwestern portion of
the Laguna Province along the coast of Laguna de Bay. The southwestern part
of the study area is, however, hilly with elevation greater than 100 m
above mean sea water level. The development of the physiographic feature
is controlled to a large extent by the presence of volcanoes not far from

the region.

This 1is highly proven by the existence of voleanic formations
inland as shown by the well stratigraphic logs. Alluvium on the other hand,
comprises the lowland nearer the coast. This area is reported to be flooded

during heavy rains.

The main drainage branches in the area are the Bifian River in

Bifian, the Sta. Rosa River in Sta. Rosa, and the Cabuyac and Diezmo Rivers



in Cabuyao, 'all of which originate from the mountains in the southwest,

crossing the region and finally draining into the Laguna de Bay.

Sugarcane and rice compose the bulk of vegetal coverape in “the
three Municipalities. Nearer the coast, rice is predominant while inland,
the presence of a sugar mill in Canlubang, makes sugarcane, which is common .
particularly in Sta. Rosa. During the’ seasonal change in climate, however,
water melon and garlic are the major crops along the coast, erecially in
Cabuyao, The other parts are covered with coconut trees and other fruit-
bearing trees,'thé remaining area being planted with other kinds of veget-

ables.

6.3 METEOR.OLOIGY

A climate of the first type. prevails over - the three MunicipalQ
{ties. it includes two promounced seasons: usually dry from November to
April and wet during the rest of fhe year. Due to the absence of-any climaf
- tological/synoptic station in any of'the three (3) towns, rainfall and tem-
perature data from adjacent ‘stations, e.g., San Pedro Station. and Manila

International Airport Hydrometeorological Station, will be considered,

$.3.1 Rainfall

A summary of rainfall data based on a ll-year observation period:
(1971-1981) at San Pedro Station is shown in TABLE 6.3.1 and FIGURE 6.3.1.
Both show that rainfall is 1ow from December to April with the lowest re-
gistered in February with 1.5 mm. Maximum rainfaii_was observéd:in'ﬁuéust

with 415.1.mm.whi1e a total yearly average was computed to be 1897.1 mm.
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TABLE 6.3.1  CLIMATOLOGICAL DATA -

Rainfall (mm) Temperature
' : (°cy
Month San. Pedro Z Distri- Study Area
' bution {(Adjusted)
Jan, 4,6 0.24 - 4.8 25.5
Feh, 1.5 0.08 1.6 26.1
Mar. 14.0 0.74 14.8 27.2
Apr. 14,2 0.75 15.0 28.9
May 191,1 10.07 . 201.4 29.4
Jun. - 203.4 10.73 214.6 28.5
Jul. 327.5 - 17.27 © 345.4 27.7
Aug, 415.1 21.88 ' 437.6 27.3
Sep. 236.8 12,48 ' 249.6 77.4
Oct. 230.0 12.12 242.4 - 27.1
Nov. 160.0 8.43 168.6 26.2
Dec. 98.9 ' 5.21 104.2 27.2
Total - 1,897.1 100.00 2,000.0 Ave,27.4

Note: Rainfall; San Pedro Station
Temperature; Manila International Airport Hydromet. Station

In the "Compreheﬁsive Development Plan of Cabuyéo," however, the
rainfall was reported to be 2,000 mm in consideration of the records in
other adjacent municipalities. The isohyetal map of FIGURE 6.3.,2 gives an
approximate average of 2,000 mm. A 2,000 mm rainfall 1s adopted in this
regard, The monthly rainfall distribution is then adjusted using the . per-

centage distribution at San Pedro Station.
6,3.2 Température

The actual temperature in the study area is unknown. In this
regard, data from the Manila Internatiomal Airport (14—yeér record) station
is assumed to represent the existing temperature in the region. From TABtE
6.3.1 and FIGURE 6.3.1, it could be observed that a fairly uniform tempera-
ture is prevalent with an annual mean of 27.4°C., This is . comparable to
municipal records of 27.5°C and 27.2°C for Cabuyao and Bifian, respéétively.
The hottest temperature is registered in May (29.4°C) and the coldest in
January (25.5°C).
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6.4 GEOLOGY

The study area is characterized by a plain and‘hilly sgction_in
the southwest. The hilly reglon- is composed of ciastic'formation_which'
extends into thé major pbrtion_of the plain, In the 10Wland;'along the
shores of the Laguna de Bay; allﬁvial deposit takes place. A geological map

covering the area is shown in FIGURE 6.4.1.

The main litho-stratigraphic units fquﬁd in the project area as

inferred from surface and subsurface data are as follows:

Plioccene — Pleistocene Sedimentary Rocks

Also known as 'Laguna Formation," it can be mapped. out élmost
entirely throughout the area, even beneath of the Laguna de Bay as confirm» :
ed by the borehole drilling of the NIA-UNDP study team through the bottom
of the lake. '

This rock;formation'constitutes the only sedimentary formation in
the area. It consists of clastic debris and tuffaceous sedimentary rock
which are of volcanic-origiﬁ. The foothill and the portion covered by this
formation are largely compbsed of fractured volcaﬁic ash (tuff). Lithplogic
descriptions of well logs drilled in this region often deScribe_layefs of -
volcanié tuff, ash, pumice and other volcanic-derived strata (e.g., adobe)

known to be tuffaceous and/or pumiceous.

Alluvial Formation

These are largely residual goil and reworked voicanits composed
of sand, lenses of gravel and considerable silt and clay resulting from
disintegration of volcanic and pyroclastic rocks caused by tapid weather-

ing. Tt thickens to the north nearer Blnan.
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Geologic'S;ructure

o R The structural feature is influenced to a greater extent by its
Vlocatiqn,__being in .the _sbuthern extensions of the Central Luzon inter-
montane basin. This region is strongly faulted, and the prominent one is

the Marikina'Féult which tfavérses the western sectién in a N-5 direction.

: Disxupted by a number of minor steep faults, it reflects local land adjust-

ment to the volcanic activity
6.5 SURFACE WATER

The perenuial surface water in the study area are’ ‘the Bifian, Sta.
.Rosa, Diezmo and Cabuyao Rlvers, and the Laguna de Bay, The rivers which
pass inside the boundaries of the three Mnnicipallties originate from the

hills in the southwest and serve as the main drainage system in the drea.

No: stream flow records are available for these rivers and these

_wele obqerved to be highly polluted

7 " The alternative surface water source to maet the future demand'
for the study area is the Laguna de Bay, a large body of fresh water which

is at times salty due to backflow from the Manila Bay.

_ From prev1ous studles conducted by T. Ingledow and Aésociates,
| Ltd; (hereinafter referred to as TIAL) in 1986 and the Laguna Lake Develop-
ment Authority - Hydrotechnic9 Consulting Engineer (heleinafter referred to
'as LLDA&HCE) in 1973, the maximum and minimum recorded water ‘levels are
4,15 ﬁ and -0.25 m abave mean sea water level, respectlvely Evaluation of
nedian Gaiues.gave Hmax=1. QSIahd Hmin=0.25 which correspond to a mean stor-
jage volume of 1, 080 mitlion cu n of water (average lake surface area is 900
T 8. km) From a water balance analysis (TIAL) considering all factors, eg.
rchange in lake storage, ‘outlet discharge (Napindan River) irrigation. with-
. drawal, etc.,.a theoretical average annual volume of 3, 000 million cu.m" {95
e, m/s flow) Was estimated to be available for many uses in the surrounding
' areas and the netTOpolitan Manila Area. Gonsidering- however the drought
'period which oecurred in 1986~69 (100 year return perlod), the net avail-
-able flow 15-950 million cu.m.



This lake is totally polluted from industfies_and'vafiouS'livg-
stock farms on its shores and doesn't Seem to be a potential source fqr the
system in the near feature since development of such would generally entail

4 large. amount considering the prohibitive cost of Cteatment, intake facil-

ities.

The most potential river in thé area 1s the Diezmo River. It
borﬁers Cabuyao‘in the south and contributes. to fhe fio@ of the San Crist-—
obal River which enptles into the Laguna de Bay at Calamba. From available
intermittent records between 1912-1915 (LLDA-HGE), the approximate_anndal
flow of this river is 6.2 cu.m/s. .The maximum and minimum records gave
monthly values of 1,2 (Julyj_énd 0.4 cu.m/s. -almost half of the year. At
present, this river is being utilized by the NIA to irrigate the inland

planted to rice and sugarcane.
6.6 SPRINGS.

Several springs located in the Matang-Tubig Spfing.area, Canlub-
ang were investigated during the sufvey. Two of these springs are presently
tapped; one is the major source of the CSBWS, whilé the other is being used
by the Canlubang Sugar Estate for milling and irrigation. The'reméining.ére
four springs with outlets at the.slope of the valley in the'viCiﬁity'of the

existing sbring box.

These springs which are believed to be iniércbnﬁécted'éeep'out
fyom fractures on the bank of the Mangumit River and have an elevation of

about 180 m above the mean sea level,

The discharge amount from the éxisting spring box 1s almost con-
stant through the year (Approximately 8% increase in %ainy seésbn“comparEd
to the amount during dry season). The amoﬁnt_ftom the four boténfiﬁl water
sources (springs) 1s also constaﬁt through the ‘year, The figufés'meaéufed'

in dry and ralny seasons are referred. to APPENDIX'.Z}.B.I.

6 - 10



6.7 GROUNDWATER

6.7.1 Water Point Inveutofy

Numerous wells exist in Cabuyao-Sta, Rosa-Bifian area, Most of
these wells were drilled by the Ministry of Public Works and Highways
{hereinafter referred to as M?WH) and were intended only for small scale
water withdrawal (point sources with hand pﬁmps). Hence, the deéign and
construction are relatively poor, i.e., not fully peﬁetrating the aqﬁifer
and the production.is limited to open bottom holes (no screens/perfora-

tions).

o The more important wells are those constrvucted by the NIA. Re-
"cords of these wells included strata description'énd pumping test evalua-
tion. A suﬁmary of.all pumping test data collected dufing.thé.field sﬁrvey
1is given in TABLE 6.7.1 and well log data are shown in APPENDIX 6.7.1.

The most productlve ones are those developed by the NIA. TFrom
'anllable pumping test records, these wells (NIA), have varv1ng discharges
from 10 to 110 1/sec but most have above 50 1/sec production except for the

smaller observation wells with a casing diameter of 100 mm.

Notable among the wells in the area is P~18. It is a NIA well
which was used fo irvigate several hectares of sugarcane .and rice planta-
t;on._ It was congtructed in 1973 and is equipped with a 300!250 mm tele—
séopic casing/screen. This well is a free-flowing one with a recorded water
level of 12.35 m above groundISUrface'(61 65 m above mean sea level). Pump-
ing test records showed a specific capacity of 6.48 1/sec/m’ after pumping
with a discharge of 118 1/sec and a drawdown of 18.23 m, Transmissivity of
the aquifer penetrated by this well was evaluated to be very high at 4,669

sq.m/day.

_ Other wells in the area were also found to be free-flowing con-
sisting of a series of volcanic tuff and ash interrelated with layers of

Clay.

6 - 11
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6.7.2 Piezometric Conditions

An isoplezometric contour map is shown in FIGURE 6.4.1. This was

made uging the old water level records since no actual measurements were

_ done duringlthé_survey. Tt must be noted that only the.existing NIA well
data were cthidered in making this map as they are likely to represent the

true picture of the groundwater flow condition in the area.

._The_figure_éhowe that the general hydraulic gradient is directed
northeastwafd into the Laguna de Bay. Closer to the. coast, the gradient
ranges from 0.0036 to 0.005. In the vicinity of P-18, howeﬁér, the slope 1is
steepet at 0.04. In Barangay Balibago, Sta. Rosa and in areas covering the

service aréas (probable well sites), the gradient is from 0.004 to 0.005,

_ ' From the aﬁailable records, a line of free flow1ng wells may be
drawn in N-5 direction from Numero Uno (Well No. SR~72) to Macabllng Simi- -
_lar;y,_along the stretch of the Laguna de Bay coast from Bifian to Cabuyao,
several other wells with depth ranging from 38 to 100 m have water levels

up to 0,91 m above ground surface.

At the ﬁ:eseut situation, the decline in water level in the area
ie increHSing due to the reletive'increase in the number of industrial es-
ablishments in the area where they developed deep wells. An example of its
effect is the 10wering of the water level at NIA P-58 in Calabuso when a
piggery_ZOO meters from the well started its oﬁeration using deep wells.
In Puloﬁg'Ste;.Cruz, Sta. Rosa, a decline of 0.14 m/year was observed at
well Wo. SR-14 (NiA P-14)., In any case, water level decline in the area is
 between 0.3 and 0.03 m/year.

In well Neos. P- 19 -P-20, P- 23, and P- 52, a water level monltoring
program was implementad by the NIA from 1979 - 1983. 1t was observed from
the' records ‘that very little seasonal fluctuatlonq In water levels were
recorded . in the 8-year program. Relatively noticeable however, was the
abrupt lowering of the level in P- 20 in April 1979 (5 meters). In any case,
. water level decline was observed to be hetween 0,48 and 0.08 m/year. This
. may- be aesumed to oceur inland. Along the coast however, the trend maybe

different as reflected by the records in P~52 where instead of the expected
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10wéring of the water level, it appeared to increase slightly i.e., from
4.84 to 5.11 m above mean sea level, During the investigation, this well
was Found to be still free~flowing and residents neatby have expressed that

only a very minor decrease in its discharge was observed since its comst-

ruction in 1974,
6‘7.3 Aquifers

Two types of aquifer maybe expected in the study area. Inland is

the elastic formation while nearer the bay are the alluvial deposits.

Aquifer of the Elastic Formation

As maybe inferred from available well logs‘anﬂ pumping test dété,
the prominent aquifer in the area is the Lagﬁna-Formatioﬁ. Tt underlies the
preater part of the area forming a series of aquifers. The aquifer system
is known to include clay and clayey tuff horizons, even ét relativéiy.shalu
low depths, and produces confine conditions and in some cases, ffée flowing

wells. This confining bed maybe found within an average depth of 40 m,

This aquifér is generally composed of a series of volcanic
(tuff/ash) layers interléyered_with lenses of clay;: From driller's log. it
ig also associated with layers of éddbe, pumice, and other materialé which
are described to be either pumiceous or tuffaceous.__Being voleanic in
origin, this formation is considered to.be generally néh—porous. Ground-
water movement and storage in this material are rather coﬁfined to fissures

(cave water).

The extent of this formation cannot fully be ascertained, but it
is believed to span'from about 1.5 to 3 km from fhe bay,line going'inlénd.
In the Sta. Rosa area, this uﬁit_was seen to exist along the coast, under-
lying the alluvial deposits as shown by tﬁe_lbg des¢ription of well No,
P-52 which 4ds located aboutIIOO m froﬁ Ehe.shofeliné} As ﬁentioné& in Sec~ .
tion 6.4, this underlying clastic formation could.bé 4 rewyorked Secdndary

deposif-from erosion of the original férﬁation.
The thickness of this aqhifer is variable. As shown in the well
correlation sections (FIGUREs 6.7.1 - 6.7.4), it appears to be greater than

100 m. A 446 m - well (P-56) showed that it could exiat déeper than 500 m.
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Evaluation of the pumping test results in the NIA wells revealed
that this aquifer 1s highly productive especially in Paguyo-Pulong Sta.
Cruz region in Sta, Rosa, The computed transmissivities (TABLE 6.7.,1)} are
high with an average of 600 sq.m/day even reaching a very high value of
4,669 sq.m/day in P-18. From the NIA-UNDP Report, the average storage coef-
fielent 1s 0,007,

In the areas of San Vicente and Calabeso in Bifian and San Isidro
in Cabuyao, the threé wells were identified to have low transmissivities
(160 sq.m/day). On the other hand, c¢losely situated wells were also found
to be productive,

Aquifer of the Alluvial Deposits

Closes to the shore of Laguna de Bay, an aquifer system composed
of alluvial sediments takes place. Its thickness lg relatively shallow and
is tapped by hand pump wells for low scale water withdrawal,

This aquifer 1s often described to be composed of sandy and grav-
elly formation with lenses of silt and clay and is often associated with
shells, layers of boulders, etc. In the study area, the Bureau of Public
Works (now MPWH) wells were constructed in this formation but these wells
are relatively shallow, hence, descriptions for the deeper sections could
not be made. Four (4) NIA wells, however, with depths greater than %0 m
also exlst. Pumping test evaluations In these wells showed that this aqui-
fer may also provide for good groundwater extraction, The average transmis-

sivity of this aquifer was computed to be around 430 sq.m/day.

Pumping test evaluation in one well (A) in Bifian gave a very low
value of 28 sq.m/day. The well 18 183 m deep and has a specific capacity
of 1.24 1l/see/m. A close review of the analysis (done by the NWRC) showed
that the pumping water level was stable after only a few minutes of pump-
ing. This condition implies high permeability of the aquifer. It could also
be interpreted that the well is gituated near a positive boundary where re-

charge 1s very high.
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6.7.4 Hydrogeological Systems

Taking into consideration the geometrical structure of the above-
described aguifer, the hydrogeological behavior of the two units maybe sum-

marized as follows:

~ In the récént alluvium,'reCharge occurs by direct infiltration from
precipitation.. Artificial recharge could likewise be attained through

induced infiltration from Laguné'dé‘Béy.

~ In the clésfic formation, lateral recharge comes from the west and
southwest portion of the study.area whéré exposéd permeable sections
could recelve the contribution of water'from,theihilly zoné. Reéhafge
may also come'from direct infiltration in areas where the general c1§y
cover 1s missing while additional recharge could be"expectgd: from

seepages from constantly irrigated'areas.

-  Groundwater recharge may also occur along permeable river beds éspe—

cially during heavy flood.

In a'report made by Sandoval M.P., et a1.l/, the study area is

classified as having a good recharge capacity,

In a water balance study by the NIA-UNDP team, the mean potential
recharge In the area was concluded to be 0.22 million cu.m/sq.km or about

2.20 mm/year,
6.7.5 Test Well

The test well was constructed by means of an open hole dfilling
method to achieve better knowledge of the hydrogeological conditions which

vere defined in a broad way by the data from the NIA,

The test well site is located in Barangay.Pulong Santa Cruz, Sta.
Rosa. The works conducted for the purpose'included the'foilowihg:

1/ Bydrogeology of Central Luzon, M.P. Sandoval
and F.B, Mamaril, Jr. 1970
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- Drilliﬁg of 150 mm diameter of pilot hole to a depth of 200 m,
- Collection of sample cuttings,

- Electric ]ogging,

- Reaming the pilot hole to 350 mm diameter to 200 n depth,

- Installation of 250 mm casing pipe and screenm to 200 m depth,
- .Gravel packing, ' .

- Well development (Bailing, swabbing, surging and pumping),

- Pimping test (constant rate drawdown and recovery test), and

- Sanitary seal with concrete at the well head.

Sample cuttings were collected during the drilling and_the litho~
logical data and the result of electric logging are shown in FIGURE 6.7.5.

According to the observation of the sample cuttings and the re-
sult of electrlc logging, the lithology of the well is described as fol~

lows:

- Tuffaceous clay with soft cemented lumps of graVél and .sand shows a
relatively high apparent registivity value which is over 500 ohm-m and .

they are of imperméable-layer accordingly.

- Fine to_coarse'gravel with sand shows a moderately high permeable
layer which corresponds to the apparent resistivity value of 150 to -

500 ohm-m.

- The layer.éhowing the apparent resistivity value smaller than 40 ohm-m
is,coﬁsidéred-to be a soft cemented chips of gravel and sand layer

which 1s locally called as “Adobe".

The final design of the well is prepared based on the lithologic
and electric ldgging results as shown in FIGURE 6.7.6.

A pumping test waé conducted from October 1 to 5, 1986. The well
was equippad with turbine pump at a setting depth of 39,08 m. The pumping
test included a constant rate drawdown test and recovery test carried out
for 72 hours and 25 hours, respectlvely. The results of the tests are shown

in FIGURES 6.7.7 and 6.7.8,
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The ceoefficient of the trauemiséivity_(T) and.permeability {K) is
145.31 sq.cm/sec and 2. 42%10° cmfsee by the recevery method, wﬁile'143.29

sq.cm/sec and 2.3%9 x 10 2cm/sec by the drawdown method, reepectively.

The actual discharge measured is approx1mately 3,000 cu.m/day and
the drawdown 1s 8.09 m. The average amount of the exploitation discussed An-

‘Sectlon 6.7.6 may be expected in considération of the limited pump capacity'

used for the pumping test,
6.7.6 Groundwater Availability

The relatively high transmissivity and spec{fic capacity values
_ plus the existence of large capae1ty free»flowing wells 1mp1v a good to
excellent groundwater condition in the study area. Quantifying this through
water balance calculation is however 1mpossib1e due to the absence of im-
peortant factors wh;ch include data on basin-wide groundwater extraction,

long-term well hydrograph and runoff .

In the area of Paguvo-Pulong Sta. Cruz, S5ta. Rosa, the average
transmissivity 1is about 1,400 sq.m/day. This area is where maximum ground-
water is expected. Closer to the service area, the transmissivity ranges

from S00 to 600 sq.m/day (See TABLE 6.7.1).
Safe Yield

The safe yield concept can be obserqed in terms Of:the’annuai
groundwater withdrawal which 1s limited in the long term;by_natﬁral re-

charge.

In most basins, where the quantity of water in stérage is 45 many
times the annual recharge of draft as that in any one year, the draft can

exceed the recharge without carrying permanent depletion,

But on long term basis when series of wet EHdIdry:yeare.tend.to
average out, the draft becomes ah oVerdraft when the mean suppiy is exceedf
ed. As known, peremnial depletion in the area ranges from 0. 03 to O 3
. m/year which 1s estimated to be between 0.2 to 2.0 mm/year in net wateér
depth 1f storativity of 0.007 for the area applies.
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_ This figure seems to be negligible compared to the 220 mm annual
rédhafge- Consequently, the total amount of present extraction from the

basin is still within the limit of the safe yield concept.

Well gield

A single well production can be evaluated by using specific ca-
pacity values from available pumping test records. Several wells in the
area have gpecific capaéities that are much lower Ehan is expecfed from the
observed values of transmissivity (See TABLE 6.7.1). This is considered due
to'well_losses_incgrred either by inefficient well deéign or ﬁartial penet-
“ration of the'équifér or a combination of both. Howévér, prﬁpefly designed

wells have specific capacities ranging from 3 to 6 1/sec/m.

_ The deéign specific capacities for Cabuyao, Sta. Rosa and Bifian
were aSses;edhusing-déta with astefisk in TABLE 6.7.1 and the average.fig—_
ﬁfES Weré calculated at 3.0, 4.3 and 3.0 1/sec/m respectively. In this
regérd, actual well vyield can be calculated by nmltiplying.the_specific
éépacity'by the drawdown (15 m frém_the records), '

Therefore, the expected yield of wells to be constructed for the

future program is:

Sta. Rosa 64 1/sec (5,500 cu.m/day)
Cabuyao and Bifian : 45 1/sec (3,900 cu.m/day)

-a

6.8 ©  WATER QUALITY

Water quality in terms of physicallchemiéal and bacteriological
indices was examined covering existing and potential water sources. The

10cat16n of points is shown in APPENDIX 6.8.1.

Samplihg for field examination covering water temperature, pH and
'EC;qu coﬁduéted on July 31 ‘and August 1, 1986 and that for laboratory ana-
lysis including turbidity;‘tdtal'dry solids, alkalinity, acidity, hardness,

calt, ug?", wa*, ¥, s0°7, c0¥”, Hco,, €17, Mn, NH,-N, NO,-N and coliform

_ 4 773 3’
- group bacteria on August &, 1986.
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The summary of test results, both from field iﬁvestigation and

1aboratory analysis is presented in APPENDIX 6.8.2.
Deep Wells

All samples from these sources passed both physicallchemidal and
hacteriological tests set by the Natlonal Standards for Drinkiﬁg Water

(hereinafter referred to as NSDW).

Shallow Wells

Except for the shallow well in San Antbnio.(Sample No. 6} which
is positive for E~Coldi bacteria and the shallow well in.Maléban (S§m§le_NQ.
4) which slightly failed the calecium test, all results are within the.perﬁ
missible limit set by the NSDW. This however is still-withiﬁ,h&nagéaﬁle
limits at 76.5 mg/l (limit §5 mg/1}. This  condition which may be trelated to
the area's proximity to Laguna de Bay similarly resulted in relatively high

test results.
Springs

Both 'spring No. 1 (Sample No. 19) and the nearby potential spring
%o. 2 (Sample No. 20) passed the physical and chemical tests. .

lL.aguna de Bay

The sample from this vast reservoir of fresh water was found to
be within acceptable quality except for turbidity which is high at 25.8
FTU., Although the others are within the permissible limits, it maybe ob-

served that these are the highest in all results obtained.

Bacteriological Analysis

In all 4 samples tested for bacterial contamination, 3 réacted
positively. The faucets in Bifian and Sta. Rosa were found positivé for
E-Coli bacteria. The same was true for the shallow well 1n . San Antonio

(B-1) which is situated close to a drainage canal.
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0verall both groundwater (wells and springs) and surface water
in the area are within desirable standards. In this regard, treatment other
than chlorination may not be necessary. In utilizing the Laguna de Bay how-

ever, a more detailed monitoring of its quality may be required.
6.9  RECOMMENDED ‘SOURCES

Utllization of deep wells appears to be the solution for the im-
med1ate and long term demand in the study area, These wells can be const-
ructed in the Laguna Formation where records suggest good to excellent’
water potential. Preliminary well yield tor each municipality is discussedl

in previous section.

- For estimation purposes, the following well parameters are sug-
gested: 7.
Wéll bepth 1 200 meters (mihlmum}
Césing Diameter: 350 mm
besign Drawdown: 15 m .
Expected Yield : Bifian ~ 45 1fsec
| Cabuyao - 45 1/sec
Sta. Rosa ?:64 1/sec -

Supplemental well sources in the region could be the NIA wells.
Negotiatlon with the NIA in utilizing such wells is on-going. Additicnal
sources for the area are the untapped springs which were measured two times
to give an aggregate output of about 40 1/sec. Finally, the ultimate solu-
tlon for the long term purpose may be the Laguna de Bay which at one time
has. been.con31dered by the MWSS as a potential source for the Greater

Mauila Area.
In any Case, chlorination is recommended. Moreover, water rights

to the chosen sources should be maintained to avold conflicts of ownership

in the future.
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CHAPTER 7 ANATYSTS AND EVALUATION OF ALTERNATIVES

7.1 GENERAL

This chapter identifies and evaluates the possible water supply
alternatives for the development of the most optimum water supply system
toward the year 2010. Each alternative was developed and evaluated based on
the {uformation collected through field surveys to the existing water sup-
ply sources/facilities and the potential water sources, and the hydrogeolo—

gical studies.

The municipal water supply system may be determined based on its
source capacity and location. The alternative study of water_sdurces'prima—

rily utilized the recommendations in Chapter 6 -~ Water Resources.

Low cost construction, operation and maintenance of the facilit-
ies are the major concerns in the preparation of the plan of water supply
facilities. The maximum utilization of existing facilities was then studied

in this context.

Considering the above-mentioned principal concepts of the alter-

native study, the following appreaches are particularly taken up:

-~ Alternative study of water sources 1is firstly carried out for two
cases that whether or not the surface water from the Laguna de Bay is

utilized.

-  Transmission alternatives are subsequently studied with reference to
the staged construction of pipelines corresponding to the selected

water source development plan.

~ Alternative study ofldistributioﬁ facilities are carried out for two
cases of reservoir locations by two steps; the first step is to opti-
mize the required storage capacity from three different distribution
methods, and the second step is to determine the most optimum configu-
ration of distribution network in compliance with the result of the
first step study.'The overall comparison of distribution facilities is
performed among the said two alternative reservoir locations resultant

from the above two step studtes.
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