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The Tecknioal Final Report ea the Mater Supply Feasidility
Studies for the Lipa City Water Distriot, as submitted herein ia
two volumes, is a refinement of the Dreft Pinal Repert dated

30 April 1976.

The Draft Finel Report was submitted fer early review Wy the LWUA,
USAID, LCWD, IFRD and CIN Technioal Review Committon, of the
and recommendations, early action guidelimes, finsnoial and eesmomioc
Snalyses to uparade the water supply sad servios te the distriot
comsuzers. The Techniosl Pisal Report thus refleets the couments
and suggestions of these parties, snd the revisiocms and additions
bty the projeot starr. It is supperted partly Wy the twe velumes of
the Nethedology Manusl on Water Bapply Peasidbiliiy Studies pudlished
in August 1975,

The Teohnical Pinal Report orntains 11 chapters dealing first
with the existing oonditions and ‘hem the preposed improveasnts te
the LCWD water system. Chapter I summarises the findings and recom-
mendations, The scops of the project is defimed in Chapter 1I,
inoluding & brie’® historical background on the LWUL and the LCWD.
Chapters III and IV describe the physienl, secial and scsmomio
aspects of the study area snd its szisting weier supply system, The
oriteria used in the plamaing, design, econcaio aad cost studiee are
discussed in Chapter V. Chapter VI tabulates the yopulation and wmter
demand projections for the study area until the year 2000. The poten~
tial groundwater and surface water sourcss are presented in Chapter VII
8ad compared im alterpative studies in (dapter VIII, Chapter IX is
8 detailed desoription of the recommended Plan oovering the early aetiem
program and ths two-stage, long-ters omstrection progrea. Chapter X
provides the projevted finanoial oests $o be ineurred in the develop-
sent, operetion and msintenance of the water distriot. Clapter XI
weighs the different eounomic benefiis and oosts assooiated with the
establisheent of a safe, poiable and sdsquste water SuPPly xystea,

The following bave contributed sigificantly to the development
df this Pinal Report:

4, Dlvi Oulbey, Chief Engineer

Oilbert S. Nioolson, Sanitery Mnginesr
Bugens Ruaph, Hydrogeologist

James DeYoung, Nater Supply Engineer
Jomes Fort, Distributiom Ingineer
Nario Zabat, Comnterpart Chief Baginesr
Reymaldo Fleremdo, Sanitary

Bamazuel de la crus, Civil Ingineer
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CCAPTER I PINDINGS AND RECOMMENDATIONS

Exioting Water System

The water supply of LCOWD is prosenmtly obtained from 14 small
springs east of the oity, and from six deep wells withim the din-
tribution system (see Pigure IV-2), The original waterwerks system
was construoted in the years 1929 to 1932 with seven small springs,
some eight kiloweters east of Lipa on Mount Nalepunye, as seurces.
Water flowed by gravity to serve the presenmt downtowa area of lipa,
Yo meot the increasing weter demand, sever additional gravity springs
and six pomped deep wells have been added simoe 1948,

At present, only 15 per cent of the study area populatiom is
served by the public water system. The majority of consumers receive
water only a few hours daily; the fire~fighting capability of the
systes is nil,

Only 21 per oent of water production is accounted-for (billed).
Only eight par cent of the connections are metored, Leckage aad
waste 1s estinated at €5 per cent of total preduction, and is espe-
oially a problem along the Santo Nifio transmissioa mains,

Sixty-five per cent of distrivution piping is 75 me or smaller
0S pipe, Over half of the distridutiea pipes have been in place for
45 years, Pipe oarryimg capacities are seriously reduced bty tuber-
oulation, Kost gate valves are lost, and mest fire hydramts are
inoperable,

The ICWD is making a special effors to iaprove the water
service to the customers sinos its formation ix Bovember 1974.

Projoct:l.og_g

Population in the study area is expected to inoreass froa
61,300 in 1975 to 121,800 in 2000, Served population for the same
25-year poriod is projected tc imorease frea 9,100 to 88,700 er
more than a nine-fold inoreass (see Pigure VI-1),

Prejections show that the demestio per capita daily demaad
wili imorease from 115 1pod in 1975, assuming adequate supply amd
pressures, to 145 lpod in 2000, Unscoeunted-for-waster is expected
te decrease from 79 per eenmt im 1975 te 25 per oeat in 1965 and te
20 per oent im 2000, Taking imto acocunt the vater distriot's in-
tent to inplemsnt a pricing poliey and publio relations program to
disocourage wasteful and extravagant water use, maximnm daily water
demand is estimated to inorease from 9,300 cusd im 1985 to 15,800
ound in 1990 ead 24,500 oued in 2000, (See Pigure IZ-1,)



Alternative Studies

Three basic alternative schemes have been established for
detailed studies: "

Alternative 1: Basad on development of the groundwater well
souroes only, and rolated transaission,
treatment and distribution feeder main systons;

Alternative 2: Based on development of the spring souroes
(assuming that no new wells would be oonstrusted)
and related trensmission, trestmsnt and dig-
tribution feeder main system; and development
of a supply scheme of Taal Lake at a later stage.

Alternative 3: Based on development of the Taal Lake source
only, with related trensmission, treatment aad
distribution feeder main aystems.

The net present worth costs of the souroce, transmission and
treatment facilities for each of the three alternatives are ghowm
below. The toial net present worth cost of Alternative 1 is P27.37
million less than Alternative 2 and $29,65 million less than Altcr=
native 3, The estimated net present worth mait cost of water pro-
duced (exoluding distribution system piping costs) in each alternative
is also indicated:

Not Presemt Worth
Cost Water Production thit Cost
Alternative ‘? b 4 1.000) ‘m X 1.000) por_oum ‘?]
1 10,679 14,536 0.73
2 38,049 14,536 2.62
3 40,330 14,536 2,78

Alternative 1, on the basis of eccnomic prosent worth anrlysis,
is the preferred and recommended alternative. It is lecst ing initial
capital requirements, operating costs, foreign exchange requirsments
and power costs,

Alternatives 2 and 3 depend heavily upon Tsal Lake as a future
source of water supply. The uncertainmty about what might happen to
the solids content or salinity of Teal Lake water in the future is
& real problem, At this time, it is not possible to postulate or
even guess the future salinity content without a comprebinsive study



of Teal Laks and its voloano, If the aclids oontemt increases in
time, brackish water tweatgent 2ay he reguired. This would conse
the wnit cost of water io increase up %o about P5.20/owm or more,
sxcluding distribution system coste,.

The variation in grezad elevation within the future servioe
ares of the LOWD is comiziderable. The lcwest elewveticn ia 240 n
in Barrio Antipolo south of Lipa City and the highest elevation is
365 » in Barric Pinagtongulan west of Lipa City. It is not preociioal
to serve au area with such a wide range in ground elewation from
one pressure sons. Static water pressure which would be suitable
for ooncessionaires at a ground elevation of 365 m would be exven-
sive for ooncessionaires ai a ground elewation of 240 meters, Alimo,
as the LCWD service srea expanis, the range of ground elevation
increases, making it more diffioult to ¥rovide serv'oce from ome
pressure icne, As & result of the anslysis, three pressure sonen
have been established,

Reocommended Plan

4: integrated waier supply system utilising gromdwater wells
and the existing springs as water wources is recommended for the
LCWD mervioe area., The lung-tera improvement progrea would de
implemented in five comstructicn phases of four to five years sach
(wee Chapter IX). Prior to the initial ocnstruction phase, an Early
Aotion Program must te undertaken,

The Marly Action Progrem estimated at £1.19 nillica inoludes
eadily implementable ateps in planning and administretion; land
aoquisition and data collection; and operational improvesante.
Among the existing source facilities, the Santo Mific Spring
and the Lipa Market Well would be retained after rehabilitation,
About 2,000 cumd would be availadble from these souroces,

Souroce Develorment. The long-term water supply for the LCWD

will be derived Lrimarily from groundwater wells, The number of
wells required till ths year 2000 is showm as followas

I=3



4220 200

Total maximun—day demand, oumd 15,000 24,500

Flow from existing facilities,
oumd (after the prnposed

modifications) 2,000 2,000
Required frum new wells, cumd 13,000 22,500
Number of operational wells

required 1 18
Stand-hy wells One eaoch for One each for

Pressure Zonea Pressure Zones
1l and 2 1, 2 and 3
Number of wells required 13 21

The only treatment required for these proposed well sources will be
disinfection by chlorination,

Tranemission/Distzribution Facilities, The proposed trans-
mission/distribution facilities for the long-term improvement pro-
gram for the tiree pressure zones of the LCWD will include approxi-
mately 47.3 km of pipelines ranging in size from 100 to 250 milli~
weters, These will serve to connect the well sources with the pro-

posed storage tanks and the internal network of the LCWD,

The ultinate (year 2000) distribution storage requirement in
Lipa is 2,800 cum, with 1,400 cum to be provided in the first oon-
struction stage and the additicnal 1,400 cuam to be provided in the
second construction stage. Existing intornal network systemgs for
approximately 140 ha will be reinforced by 1990, New service areas
will be provided with internal network oovering 40 ha, 70¢ ha and
125 ha by 1982, 1986 and 1990, respectively, in the first stage of
the long-term construction program. It is projected that
by the year 2000 approximately 680 ha of service area wili be
ocovered by internal network piping (wee Table 1-1).

The long-term construction program involves a total of 14,600
additional service connections through the year 2000, During the
first construction phase (Phase I-A) 2,050 new connections are
scheduled to be insialled. Metering all service conneutions is a
goal of the water district,

The main features of the recommended long-term water supply

improvement program for the projected service area are summariszed
in Table I-l and shown in Figure IX-2, appended, .

I-4



TABIE -l
NAIN FEATURES OF LONG-TERN PROGRAM

Eariy Action Phase Phase Phase Fhase Fhase
Works I-4 I=B I-C IT-4 o 3N
Censtzuction Period 1977-78 1978-82 1982-86 1986-90 1990-95 1995-200C
Total Preject Coct-]-'/ 1,187 14,040 10,972 6,856 13,782 7,723
¢ »x 103 726 6,700 5,210 3,512 6,427 3,846
Seurce Development Strengthea legal Retain Sto, Five opers~ Adaitional
basis for develop- Nifie Spring tional wells 8 wells will
ment of water and market to be oon-~ B 0D
sources; moritor welly oon- structed - structed -
production; struction
acquire land of six
required for operational
proposed water wells and
scuroes two stand-by
wells oquipped
with pump and
drive
Treatusnt (chlorime~ Aoquire disinfeo~ Comstruction Chlorization Chlorinstisa
tion station) tion equipment of chlorina~ will be pro- will be pro-
and imstall at tion room vidsd for each vided for
all epsrating for easch of well site sach well
wells; routine the deep well site
water sampling stations
programg additional
* 2 cklcrimaters to

be installed at
the oo0llection
camber e¢f lowest

spring

thdonh]:m‘w prioce levels
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Cemversion Flat-Rate
4o Netered Comnection

Serviee Ceonneotiens

lhoon-ni

TABLE I-1 (Contimmed)
NAIN FEATURES OF LONG TERM PROGRAX

Early Action
Works

654 conneotions
to be oconverted
to0 metered
connectiens

New 200

Conduct survey
related to
drainage and
sewerage system;
purchase effioe

equipment,
servios vekiocles

and teols

Phase Phase Phase Fhase
I 2 3. I XA

Replace 2003 Replace 200; Replace 3143 New 3,450

pew 2,0503 2,700 new new 2,700

sagter mater ocomnedtiens

40 Airfielad

distribution

system

41 37 43 67

Recommend new

office complex

t0 be coOR—

structed with

functional

space fer

laboratory,

meter shep,

oto.
Existing 800 cwm
storage sterage ia
tanks in Do, lodled
Alrfield will be
and Pedbla~ bapt for
aion will be omergenay
ept for sterage
emsrgoney

New 3,450



2al Cost . MOlpimooltlfor“mw

construction, including the Barly Aotion Works, are vammarised in

Table I-2,

A breakdown of escalated Phase I-d oosts are showm in Table I-3,

TABLE I-2

CAPIML COST swﬁ/

Construction Construction
Fhasge Period

Early Aotion Works 1977-78

I4 1978-82
I-B 1982-86
I-C 1986~90
II-4 19901995
II-B 1995~2000
TOTAL

Construction
Cost
1,000

983

10,774

8,365

59262

10,517

51927

41,828

y Based on July 1976 price levels

Project Cost (P > 1,000)

kool
461

1,340
51762
3,344
14355
3,877

28,139

ne
726

6,700
5,210
3512
6,427
3,846

26,421

Zotal
1,187
14,040
10,972
6,856
13,782
7,723

54,560



Item

Escalation Factor
Souros Development

Transmission=Distribution Mains
and Valvee

Storage Tanks and Appurtenances
Insernal Betwork

Servioe Conneotions

Water Distriot Buildings

TOTAL PROJECT COST

TABLE I-3

PROJECT COST OF RECOMMENDED PROGRAM
PHASE I-A (1978-82)
LIPA CITY WATER DISTRICT

* x 1,000
(ESCALATED)

& 118 179 1980 1981 982

(1.10) (1.21) (1.32) (146)  (1.58) (1471)
179 655 1,228 1,348 1,458 788
8 51 101 57 - -

78 287 537 590 640 345
90 330 614 674 730 398
64 434 878 482 - -
639 3,249 6,377 4,807 2,828 1,531



Agma] Operetion apd Mejgtepance Cogts. Anmmal opersticn and
minienance costs are expansss inourred for persommsl, power,
chemioals, msintenuncs and mincellaneous sxpenses. Mwtimates of
the annual operetion and maintensnce occwts of the water distriot
(based on July 1976 price levels) are given in Table I~.

TABLE I-~4

ANNUAL OPERATION AND MAIUTENANCE COSTS
LIPA CITY WATER DISTRIOT

(TMESCALATED)

Appue) Costs (P x 1,000)

Iten 1980 190 2000
Souroce FPaoilities 121 369 661
Treatment (Chlorine) 22 44 61
Transmission and Digtribution 26 80 150
Administration and Personnsl 143 273 k7.0
¥isoellaneous 15 30 50
TOTAL 327 796 1,29

Economic Feasibility

The reccmmended improvements to the LCHMD water supply mystea
will dring about numerous economio bensfits to the study area,
Eoonomic feasibility studies show that the bemefits axveed ths ocosts
associated with the development and operetion of the water aysten.

Two approaches were adopted in the caloulation of the benefit-
cost ratio and the internal evonomic of return (IERR), In the
first approach where all five benefit were included im 1976 prioces
and discounted at 12 per cent, the benefit-cost ratio is 1.6131
while the IERR is 22 ,per cent. In the seocond approach where only
two of the benefitsd/ were oonsidered, them escalated and discownted,
the benefit—oost ratio is 1.88:1 and the IERR is 22 per oent,

y!nonm in land valuse, health imprevement, redwetics ia
fire insurance, reductiom im fire dinage and ineremental revemns.

‘/lhdnun in fire damage and imoremental rOVeRNe,

I-10



Finanoial Peasibility

The financial feasibility analysis made for the study establishes
& detailed set of guidelines that the water distriot management any
use in making crucial decisions during the next few Yoars. A plan vwas
developed to indicate the manner and the time funds will be used to
operate and maintain the system, implement the program, establish
resarve funds, and retire the indebtedness. Water rates have been
developed on the basis that the system will be financially self-supporte
ing, These rates appear to be within the ability-to-pay of the average
LCWD householder,

The proposed water rates to effect self-gufficiency are as followst

Rate/oum
1976-78 PF1.00
1979-81 1,90
1982.84 2445
1985-87 2,80
1988-90 2:95



CHAPTER II INTRODUCTION
A, SCOFE OF WORK

This feasibility study has been undertaken dy Camp Dresser
& MoKee International Inc. (CDM) for the Looal Water Utilities
Administration (LWUA) as part of its effort to develop basio
water supply plans for ten provincial urban areas of the Pilip-
pines (Pigure II-1). It contains technical, economic and finsn-
clal studies for the improvement of the water supply system in
the Lipa City Water District.

The feasibility studies have been financed from precesds of
a loan to the Government of the Republio of the Failippines by
the United States of America through the Agancy for International
Development. The duration of the studies is 19 months from
December 9, 1974, the starting date of the LWUA~CDN oontract, The
project staff oonsisted of six US engineers and 35 Mlipino person~
nel. Some assistance was also provided by the personnel of respeo-
tive water districts during the course of the studies.

The project consists of four partss:

1, Preparing water supply master plans and feasidility
studies for ten provincial urban areas of the Failip-
pines, initially: Cebu, Zamboanga, Butuan, Ozeais,
and Daet;

2 Jeveloping a methodology for oonducting these studies
through training seminars for LWUA engineers (a Metho-
dology Manual for Water Supp Feasibility Studies has
been printed for this purposB;

3+ Applying the training methodology by eaploying INUA
engineers in the preparation of master plans and
feasibility studies for the second {ive areas,
namely: Tarlao, Cabanatuan, San Pernando-La Union,
Lucena and Lipa; and

4. Assisting IWUA in long-range planning by developing
selection oriteria, applying thess aoriteria to 100
cities/munioipalities and oconduet pre~feasibility
studies on 20-60 of the 100 oities mmicipalities,

Training counterpart LWUA and 1local oonsulting engimeering
(DCCD Engineering Corporation) persomnel is an impertart element
in the oconduct of guch studies,



B. IOCAL WATER UTILITIES ADMINISTRATION

The Local Water Utilities Administration was established by
Presidential Decree No. 198 issued on May 25, 1973, The dscree
seeks to esiablish, operate, maintain and develop reliable, ade~
quate and economically viable muniocipal water supply and waste-
water disposal systems. IWUA potentially covers urban areas through-
oul the country, excopt Metropolitan Manila which iz served by the
Metropolitan Waterworks and Sewerage System (MHSS).

In recognition of the vital role of water supply in national
development, LWUA was organized on Septomber 18, 1973 under the
National Economio Development Authority, the highest sconomic plan-
ning body of the country, When Presidential Decree No., 7665 was
issued on August 15, 1975, Li{UA was placed directly under the Office
of the President. 7This new decree amends other salient provisions
of Presidential Decree lio. 158, On December 11, 1975, LAUA was
transferred from the Office of the President to the Department of
Publio Works, Transportation and Comiunication by virtve of lLetter
of Implementation lo. 31.

One of IHUA's primary activities is to encourage the formation
of independent, locally controlled public water dietricts in provin-
cial urban areasz. This step is dosignzd to onsure safe and suffiocient
potable water supply by ‘he district and its cperation on a business~
like basis,

IHUA renders ascistersce "o local weter distiriots in finanoial,
training and technicel matters. I4 also ectablishes stondards for
water quality and service, opcretiors, man.gorent and cdmirtstration
including accountin~ precticce. In edlitioa, 1% prescribes ectivi-
tien necessary tc ensuras confortance ‘rith such aiancards,

Org&gizationgl Set—T

Under Presideniial Dacrea M, 105, IWUA is to be direoted by
a five-man IPo2rd of Trunteep. At presaat, kowevor, the Doard has
four members, witlh the Ciroral !'»nager as the fourth mcther. The
Board forrmlates roliciza for IMUA and the Qapowa: Haarger 48
responsidblo for inplemeniing s=sii polici-ge

To carry out iis frnetionc, I!UA naintains four opsrating
departments, each headel My a manamr,

II -2
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The Loans and Programa Department administers LWUA's revolving
fund and relending program. It develops loan application oriteria
and covenants and processes loan applications of dwly oconstituted
local water districts. It also negotiates domestio and inter-
national loans,

The Technical Services Department provides technical assistance
to water districts and develops design, construction and operational
standards,

The Regulatory Department monitors the performance and opera~
tions of water distriots. It aleo processes and administers
IMNUA's certification program for water distriocts,

The Administrative Department providss the necessary staff
support to INUA in terms of personnel recruitment, records manage-
ment, general services and related funotions,

The Management and Training Division under the Adminigtrative
Department conducts seminars among the boards of direotors of wajer
districts, their general managers and other key personnel and tech-
nicians. Such seminars aim to strengthen the institutional struc-
ture of water districts.

Only duly organized water distriots which have bevw iggued a
Conditional Certificats of Conformance (ccc) are qualified for
financial assistance from LU,

Fanding

Under Presidential Decree Ho, 768, LWUA's funding and borrow-
ing capacity was increased significantly, The original revolving
fund of P20 million was increased to P50 million. The authorized
loans from local sources wers increased from P500 million to rl
billion and loans from foreign souroes, from $100 million to $500
million,

Accomglishments

As of March 1976, LWUA issued Conditional Certificates of
Conformance (CCC) to 21 out of 32 water distriots with resslutions
of organization offioially filed with INUA, 4 CCC is imswed to a
water district once it has taken significant steps towards the im-
provement of the public water supply, acoording to certain oriteria
pPrescribed by LNUA,



Among the ongoing and recently completed projeots of INUA
ares

1, The design and construction of improved waterworks
systems in the cities of Bacolod, San Pablo, Cagayan
de Oro, Davao and Tacloban;

2, The feasibility study, design and construction of
waterworke systems in the oities of Marawi and

Batangas;
3« The water resources evaluation study for Baguio City;

4. The water supply feasibility studies of 10 provincial
areas, which include this report; and

5¢ The water supply pre-feasibility studies of 100 ocitiec
throughout the country.

As part of its training program, INUA has conducted seminars
among key persou.al of water districts. It has also developed the
conocept for long-range planning survey and interim demonstratian
program. Such plan is aimed at setting up a data bank for water
needs and subsequently, undertaking immediate high~impact improve-
ments on existing waterworks systems throughout the ocountry,

C. HISTORICAL BACKGROUND
LIPA CITY WATER DISTRICY

The Lipa City Water District was formed on Noveaber 18, 1974
by Resolution No, 182 of the lipa City Board to serve primarily
the water supply needs of the entire oitye Several ocircumstances
led to the formation of the district, the most important being the
recognition for the need of an upgraded water supply system. MNoro-
over, the local officials recognized the potential role of the
water district in providing suffioient, safe and potable water

supply.

The existing water supply system of Lipa City was constructed
in 1929 under the city govermment management. In 1958, the Hationmal
Waterworks and Sewerage dnthority took over the system but which vas
reverted back to the oity government in 1965. Following the forma~
tion of the LCWD, the ownership and management of the entire systea
;erelggmferred to the LCWD in accordance with Presidential Deoree

Os . .



On the same day the LCWD was established, the city board passed
Ordinance ¥o. 507 appropriating P75,000 as the oity's cownterpert
fund for the water supply feasibility studies, With thig appropria-
tion, the LOWD complied with the mizimum requirements of INUA's
oertification program.

On December 26, 1974, Resolutions No. 182 and 184 organising
the LCWD were officially filed with INUA, On January 30, 1975,
LNUA granted the Conditional Certifiouis of Conformance to the LOWD
in recognition of its efforts and commitment to improve the puwblio
Water service. The CCC entitles the LCWD to all rights and privi-
leges authorized under Presidential Decree ¥o. 198,

FPunction and (iperat ion

The LCWD is a quasi-publie corporation with proprietary funo-
tions and is politically independent from the local govermment, As
constituted, tke water dietrict is subjeot to the provisioms of
Presidential Decree No. 198 and the rules and regulations of LWUA.
The LCWD can promulgate its operationnl laws through a five-member
board of directors appointed by the City Nayor, The district
can only be diasolved through the act of this board.

The LCWD was established for the purposes of aciuiring, in-
stalling, improving, maintaining and operating the water supply
and distribution systems as well as the wastewater collection,
treatment and disposal facilities., To realize these objeotives,
financial and technical assistance mey be granted to the water
distriot through INUA, Ths decree provides that the water distrioct
operate on a financially self-suffiocient basis,

The LCWD is temporarily subsidised by the city goverment. Om
December 23, 1974, the city board approved Resolution No. 1 allooca~
ting P104,000 for the operation of the LCWD for fiscal y 1974=T5,
For fiscal year 1973~74, its annual collection from vater bills was
P24,180 added to whioch was $53,622 from the city's Ganeral Pund., The
operating expenses amounted to 52,603,

l/m- July 1 to June 30 of next year,
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CHAPTER JII DESCRIPTION OF THE STUDY AR
A, PHYSICAL DESCRIPTION

JLogation

The Lipa City Water Distriot which covers the eatire city of
Lipa is situated northeast of Batangas, a highland volosnic pro=
vince in the soutlwestern region of Inson island. Lips, one of
the two cities of the province, has a total area of about 206 sgkm.

The study areaJ/ (Pigure III-1) is approximately 1,965 ha,
located in the heart of Li Citye. The study area is divided into
the present service ares £/ (510 ha) of LOWD and its projected
additional study area through the year 2000, Ths present ser~
vice area includes the poblacion and 10 barrios woatly located
in the east-central part of the city. The projected study area
extends mostly toward the oity's west-central part.

Topography

Lipa City Poblacion is located in = terrace with an elevation
of about 310 m above sea level. The oity ia flanked by a high
mountain mass to the east and Taal lake (at near ses level) to the
west. The topography of the city varies from level to undulating.

l/’l‘he study area encompasses the ares considered in the pro-
Jeotior of gross population and land use pattern. Study ares limitas
have been determined after a careful review of development or soning
plans, physical limits amd publio facility projects in the region,

-ijhe service area represents sections of the study ares, which
are currently served or intended to be served by the municipal water

system. The served population projections in Chapter VI relate to
the service area,

:/Refer to Chapter VI,

5/ The poblacion also kncwn as oity or town proper is defined by
pre-established political boundaries. It is determined by the loca-
tion of the city or munioipal hall. Ordinarily, the poblacion ocop-
sists of ihe plasa or public square (vhich forms the central part),
public market, schools, churches, commercial and residential blooks,

5/ A barrio is a political division of a oity or mnicipality.
The barrios currently served by LCWD are listed in Chapter VI,

I -1



Only minsr streams drain the sivdy area. 7The Pamintehan River
originates from five small spri: 7s and traverses across the podla-
oclon. This river has a low flow dreining into the sowthern barrics
of the study area. Lipa River emerges from the Bulalacas Spring

and flows in a south-northwest direction into Taal Lake.

Among the prominent springs are Bulalacao and Bucal to the
west and the Santo Nifio #pring series in the mountain ocomplex %o
the east,

Geology

The terrace whers Lipa is situated consists of sedimentary
Tocks of Late Tertiary to Quaternary Age. (Geology s further
discussed ia Chapter VII,)

Soils

The study area has one of the most fertile soils in the ocountry.
The Lipa loam which is the predominant soil is kmown to have physioel
characteristics indicating lasting fertility. Dark brown and very
friable, this residual soil originated from the underlying wolcanio
tuff. The Ibaan loam overlaying the western part is another produo-
tive 80il ranging from brown to light reddish brown. The Ibaan loam
(of the gravelly phase) in the western hilly portion of the study
area developed from gravel and tuffaceous material,

Climate

The Philippines has four types of olimate (Pigure III-2) based
on rainfall. The climate in Lipa City is classified under the first
type characterized by a dry season from November o April and & rainy
season from May to October,

Because of its high elevation, Lipa is considered mot a8 varm
as other parts of the province. Por the period 1971-74, average
monthly temperature ranged from a minimum of 20°C to & maximum of
31°C; the average anaual rainfall vas approximately 2,500 milii-
meters and relative humidity was 81 per oent. The average fre
of typhoons for a five-year period (1970-74) was 24 per year. Climato-
logical data for Lips City are listed in Table IIT-l.

B. FOPULATION

According to the 1970 Census on Fopulation and Housing, Bat
had a total population of 928,300, an increase of 359 per oent
the 1960 population. The annual growth rate for the past decede

§ds
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3.05 per cent. The 1970 population of ldpa City was 93,97C er 10
pesr cent of that of the province,

The study area, considered the most urban part of the oity,
had a total population of 52,450 in 1970. The ammmal growth rate
between 1960-70 was 3.4 per cent; population density was 27 perscas
per hectare,

TABLE IIl-1
cLouOLoarcAL paral/
1971-74
Maximom Miniwom Relative
Temperature Temperature Rainfall Numidity
_{¢) {°c) (om)
January 26 20 27 80
February 28 20 6 78
Narch 28 20 23 T4
April 30 21 48 69
May £} | 22 272 78
June 29 23 336 82
July 28 23 510 86
Anguat 28 22 307 84
September 29 22 183 8
October 28 22 405 86
November 27 22 286 86
December 26 21 244 85
Average 28 22 a1
Annual 2,617

-6/ Source: Weather Detachment ‘No. 2, 901st Weather Squadroa,
Fhilippine Air Force, Fernando Air Base, Lipa City. .
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Popalstion teristics

Natural increass acoounted mostly for the population growth
in Lipa City. Those borm in the oity totalled to 87 per ocent of
ite total residents. Tose who migrated from other provinces re-
presented eight per ceat, greater than nigrants from other mumni-
cipalities of the province, who comprised only four per oenmt. Only
one per cent composed residents from abroad,

The age compoeition is typioally young, with 45 por o.xt of
the 1970 city population under 15 years 0ld. PFor the same yaar,
there was almost an equal ratio of zales {0 females., A household
had an average of 6 members,

The 1970 Census indicated that 64 per cent of the total popala~
tion was literate. Of those 25 years old and above (33,062), 60
per cent attended elementary school; 13 per cent, high sabool; and
10 per cent, college. The remaining 17 per cent had no formal
education, '

About 33 per cent of the city population in 1970 ocomprised #he
labor force, Thirty-six per cent of thisg workforoe was engaged in
agrioulture; 19 per cent in services; 18 per cent in manufacturing,
and 13 per cent in commerce., The remaining 14 per cent was employed
in construction, public utilities and rinor inductries,

C. LIVIYG cowprrionsl/

The standard of livirg in the study ares mey be measured by
physical indicators 1ile dwelling umits, household faoilities and
utilities,

In 1970, there were 15,300 duelling units in Lipa City, 95
per ocent of which were of the single typs. The remaining five
per cent consisted of duplex, apirtmen:/accesoris (1ow olass
apartment), "barong-barong" (makeshift houses), commercial, 1light
industrial and institutional establishmonte. PEared on losal govern—
ment statistics, 18 housing eubdivisiona have been developed in the
oity.

dbout 24 per cent of the city's 15,284 households in 1970
claimed to have been provided with piped water. Seventy-five per
oent derived their water supply fron groundwater sources. Only
one per cent utilized surface wate= gouroes, inoluding.rainator.

1/ Source: National Census and Statistics Office,
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Seventeen per cent of the 1970 housekolds used the flush/water—
sealed type of toilet. About 50 per cent used the open pit type;
18 per cent, the olosed pit typs; and one per oent, public toilet.
The remaining 14 per cent did not have toilet faollities.

Lipa City has its own refuse collection service which is handled
by the local govermment and financed from the general funds, Refuse
is collected by one dump truck at each property served. Trash (non-
organic uastes and garbage (organic wastes) are mot separsted im the
collection. The collected refuse is disposed by burning and by dumping
on land surface,

Users of kerosene, the most common lighting souroce, inoluded 60
per cent of the city's 15,284 householdsj eleotriocity was used by 38
per cemt. Wood as cooking fuel was used by 80 per ocent of the house-
wolds., The rest depended on other fuel and lighting souross.

gealth

Water-borne diseases occur partioularly in the more dsnsely popu~
Jated sections of the oity. The lack of safe water supply, sanitary
and sewerage facilities has contributed to the ocourrence of dlieeases
such as cholera, el tor, gastro-enteritis and diarrhes. Table II-2
shows the number of cases and deaths due to water—borne diseases in

The health needs ¢f the city are served by 15 hospitals and oliniocn
mostly located in the poblacion.

TABLE III-2
REFORTED cASES AND pEATHSY (1973)
LIPA CITY
Case Deatlks
Dissases paver  Rated mupber  Raved

Cholera El1 Tor 2 1.9 2 1.9
Typhoid and Paratyphoid 2 1.9 2 1.9
Castro-enteritis 548 5179 29 27.4
Dysentery o} - 0 -

5 Source: Disease Intelligence Center, Department of Health
2/ Per 100,000 population R



D. ECONONY

Rational Eoonomy

Since the declaration of martial law in late 1972, the Fhilip-
rine economic structure has been undergoing various reforms. Con-
crete results were achieved in 1973 when all economi: indicators
of the country reached unprecedented levels.

In 1974, however, inflationary and recessionary developments
and domestic food shortages disturbed the improving economy. As
& result, the growth rate of the gross national product (GNP) deo-
lined from 9.9 per cent in 1973 to 5.8 per cent in 1974. However,
the country managed to realize a modest balance of payments (BOP)
amounting to $110 million, despite the price decrsases ¢f some main
export products, notably copper and wood prodmots.

In 1975, the Philippine economy continued to bear the pressures
of worldwide economio slowdown, While other countries approached the
problem of inflation by outting back production in order to depress
demand, the Philippines took the unconventional approach of expand~
ing production and investment., This policy proved to be advantageous
to the oountry, as shown by the growth of practically all the seotors
of the econcmy in that yea:.

Advanced estimates of the economio performance of the oountry
in 1975 indicate that real GNP rose by 5.9 per ocent, slightly higher
than the growth rate in the previous Year. This expansion oould de
attributed to the gains made by the agricultural seotor during the
year, posting a 12 per cent arnd 13.9 per cent inorease in rios and
corn harvest, respectively.

An unfavorable note on the economic ploture, however, was the
defioit in the country's balance of payments, which reached $250
million at the end of 1975, A substantial portion of this deficit
was brought about Ly a trade deficit of $1,020 million which in
turn resulted from the decline both in prices of and demand for
Philippine products abroad.

An important economioc achisvement in 1975 was the drastio
deceleration of the inflation rate. While oconsumer prices soared
at an anmal rate of 30 per cent in 1974, they were trimmed down
to a manageable level of 8,7 per cent in 1975.

Traditionally, the ocountry has been heavily dependent on agri-

culture, Statistiocs for 1974 and 1975 showed Shat agriculture,
forestry and firhing accounted for 25.2 and 30 per oent, respectively,
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of the GNP. The oonstruction industry posted the highest growth
rate, 18.5 per cent in 1974 and 31.2 per oent in 1975. This over-
all growth of the economy had the effeot of inoreasing the 1975
per capita income by 5.2 per cent from 1974 levels.

Prospects for 1976 have been invariably regarded with cautious
optimism. NEDA foresees that 1976 could be as difficult as 1975.
Tt has indicated that the increase in the country's oil import bill
and the unattractive prices of its commodity exports are expected
to affect adversely the balance of payments. It is generally believed
that the performance of the country in 1976 will depend largely upon
the recovery ¢f the countiry's major trading partners liks the United
States and Japan.

Study Area Economy

Inoone Profile.tY In 1971, the provinoe of Batangas was esti-
mated to include 16 4400 farilies, 14 per cent classified as urban
and 86 per cent, rural. Their combined annual income amounted to
P499 million, with an average of P3,020, This figure was lower than
the country's average family income of P3,740 for the same year,
About 62 per cent of the families were considered low-inoome earners
(annual earnings ranging from less than PS00 to P3,000). The middle
inccme (P3,000~P6,000) group included 26 per cent; the remaining two
per cent received annual income of 6,000 and above.

Agriculture, Because of its exoellent soils, Lipa City has &
wide agrioculturally productive land. Agriculture is the prinoipal
industry in the study area. Crops consist primarily of rioe, sugar
cane, ococonut, fruits (mandarin oranges, lansones and bananas)
and coffee, Seventy per cent of vegetable—growing is done in small
plots or backyards., Cattle, horses and hogs are ithe major live-
atock raised in the area.

Commerce and Industry. A4s of mid-1975, there were about 1,500
business establishments in Lipa City, mostly engaged in the whole-
sale and retail of consumer goods and agricultural products. A
portion of these establishments are variety stores situated on
street corners.

No known large manufacturing plant exists in the ciiy, instead,
mincr manufactured goods mostly associated with weaving are produced.
Some of these goods inolude mosquito nets, blankets, towels, saddles,
harnesses, buri hats, and bamboo baskets.

10/5ource: National Census and Statistics Office.
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Transportation and %guﬁog. Exoept via Fermando Alr Base
which is used as a flying s 1, eocoess to the city is entirely YWy
land, PFrom the city, paved roads lead to the surrowmding towms.

The city has 177 km of roads, 22 per ocent of which are maintained by
the national government. Nearly half of the roads are asphalted; the
rest aro unpaved and of substandard quality.

Communication needs of the oity are served by two redio stations,
and a telephone and a telegraph staticas.



CHAPTER IV EXISTING WATER SUPPLY PACILITIES
A. GENERAL

Basod on the studies of over 125 urban areas in the Philip-
#4088y the following have been found common to their water supply
w#stems in varying degrees: water shoriage, system age, water un-
scoountability, inadequate disinfeotion and unreliable servioe.

The existing waterworks facilities generally require repair
and renovation. Field tests show that most distribution systems
have old pipes with considerably reduced carrying capacity, result-
ing in low pressures and marginal fire~fighting capabilities. Oper-
ational personnel are mostly untrained and inadsquately compensated.
Widespread wastage of water is evident through leakage from old,
corroded GS services and careless use by the average householder,
HWater rates have traditionally been so low that in most cases, oper-
ational costs of substandard facilities are not even ocovered by the
collected revenues,

The water shortage affects the system pressures, fire-fighting
potential and consumption patterns. Beoause water must be rationed,
pressures fluotuate over a wide range and often become negative.
The negative pressures inorease the possibility of ocontamimated
water enteriug the distribution system. Many water distriot oon~
suners get water only during night-time hours, and others, only
during day-time hours. Such service strains ary goodwill developed
between consumers and the water distriot. Unserved households are,
in the best of ciroumstances, sub-users obtaining their water from
dwellings oornected to the distribution system. These unserved
households pay water vendors rates much greater than water district
rates.

In a typical provincial urban area, the studies on water un-
accountability indicate that (1) leakage and waste are roughly one-
half of the water production; (2) accounted-for-water or billed
water is sbout one~third of water production; and (3) the remaining
one-oixth oonsists of unauthorized (illegal) use, meter under-regis-
tration and underestimated flat rate. Bouse oonneotions without
meters or with non-functioning meters are billed with flat rate
acoounts, a situation which encourages the wasting of water. There
has boen no prior leakage survey oonducted in any of the water
districts, except during this study. Water sooountability for the
second five areas is presented in Pigure IV-1.

At best, dslivered water is of poor quality and nnl.do bacterio-
logically. The water supply system generally inoludes opportunities
for oross-connections with polluted water from drains/sewers.



Financing is unplanned; colleotion is low, There is hardly any
enforoement of pemalty. In general, improvements have been made with~
out any master plan, There is 1ittle preventive maintenance and hardly
any operator training. Reoord-keeping is almost non-existent,

Be WATERWORKS FACILITIES

Lipa City is served by a waterworks systea which was initially
constructed in 1932, The water supply of Lipa City Water Distriot
(LCWD) is obtained from small-gravity springs east of the city, and
from pumped deep wells within the distridbution system. Figure 1IV.2
is a schematic plan of the existing water systea,

story of the Water Syst

The original waterworks system was oonstructed in the years 1929
to 1932, The source was seven small springs some eight kdlometers
east of Lipa on Mt. Malepunyo., Water flowed by gravity to serve what
is the present downtown area of lipa. To meet increasing water demand,
seven addgtional gravity springs and six pumped deep wells were added
since 1348,

Hater Source Facilities

At present, there are 14 small springs on M. Malepunyo, and six
deep wells within the distribution system, which provide the water

supply.

The group of 14 springs, locally referred to as Santo Nifio Springs,
is located at elevations estimated to range from 400 to 825 m on Mt.
Malepunyo (summit 963 m). Water is colleoted in separate ooncrete in-
take boxes which are connected by small pipes to a 125-am transmission
main which delivers water to Lipa City by grevity. Total piped flow
from those springs was measured (on the upsiream end of the 125-mm main)
in September 1975 as 880 oumd. Reportedly, seven of the springs were
developed in 1932 as the original source, and the resaining seven, devel-
oped since 1959, Several barrios, along the route of the transmission
line from the spring sources, obtain their water supply from the LCWD,

The six deep wells within the distribution system were measured in
September 1975 to have a combined pmping rate of 2,090 oumd, dowever,
all pumps are shut down for several hours daily, and acoordingly, actual
well production is estimated at 14230 cund, Table IV-1 gives available
data for each well,

Treatment Facilities
*—-————_-

Chlorine is applied at three points - Santo Nifo intake box no. 3,
the 760 cum storage tank, and the small storage tank at the public
market. Chlorine is applied intermittently, in powder form and dosage
control is arbitrary, '

IV =2
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TABLE IV-1

DATA ON EXISTING
LIPA CITY WATER DISTRICT

r Depth Casing Pumping Reported Approxiaate
Pumps ear ¢f Diameter Rate Pemping Hours Operated Daily Predustia
leostion Yo Comstructed Pump _(m) Pumpe Motor (cupd) Bohedule __ Dedly (oamd) __
Natass na Stand- 15 hp Electrio
Inpa pipe 1948 43 200 Turbine Horisontal 425 2200-1900 21 kY4
Nataas na Jtand- 15 hp Electrio
laps Hpe 1948 41 150 Turbine Horisonmtal 265 2200~-1900 21 232
City Hall Distribu- 15 hp Electric 0400-=1200
Compound tion 1960 43 150 Turbine Horisontal 327 13001900 14 19
. Eystea
Distridbu-
ing tion 15 hp Rleotrio 0400=1200
Compound - smystea 1958 41 150 Turbine Horisonmtal 366 1300-1900 u 214
Pblio Narkst 5 hp EKleotric
Naxket TPank 1968 - 150 Subme r= 483 Irregular 5 101
sible

Ged. Selis Distridu- 5 kp Rlectris
Street tion Submer-

systea 195 - 150 sible 225 0600-1900 13 12

TOTAL 2,091 1,232

vloldsumdhohcp heads,

Appreiante




Irspsmispion Naing

Swall diameter pipes from the 14 separate spring boxes converge
to & larger 125-am CI main (installed in 1932) which extends some
6.5 km to Lipa City through several small barrios. There arv mo
plans of this transmission piping (see Pigure IV-2),

Storage Pacilities

There is only ome storage facility of any signifioance, It is a
reinforced concrete standpipe (11.5 m diameter by 7 m high) located
adjacent to Wells No. 1 and 2, It was constructed in 1932 as part of
the original system. It has a capacity of 760 oum and an overflow
elevation of approximately 340 meters. Water is pumped into this
reservoir from Wells No. 1 and 2 during a 21-hour period, and is
rationed to the distribution system during the approximate hours of
0600 to 0800 and 1700 to 1900, The reservoir is kept a minimum half
full for fire reserve.

An elevated steel tank of 40 cum capacity is located within the
public market system, Water is pusped from Well No. 5 to the tank,
for an estimated average of five hours daily. Water from the tank
provides 24-hour service to the market area,

Distrgbut ion System

The existing distribution system is shown in Figure IV-3. The
distribution system has undergone approximately 80 per oent expan-
sion (in length of mains) since originally installed in 1932. The
expansion has been mostly accomplished in 1962 when pipes ranging
from 50-200 mm were installed, Today the system consists of some
12,7 km of piping, in sizes from 25 to 200 millimeters.
feeder pipes of 125, 150 and 200 mm support a gridwork of smaller
secondary pipe. All pipes 75 mm and smaller are GS; all pipes 100
mm and larger are CCI,

Operationally, a small segment of the distribution piping serving
the central market has recently been oonnected to the remainder of the
;ysten. Water supply for the market area, in general, oomes from Well

Oe 50

Wells No. 1 and 2 pump directly to the nearty reservoir, from which
water is rationed to the distribution system during early morning and
evening hours, :

Wells No. 3, 4 and 6 pump direotly to the distribution systea, but
during day hours only,

Water is unavailable for most hours of the day exoept for a few
oustomers in the eastern fringes of the disiribution systea and aloag
the Santo Nifio transmission main sast of the city. During the peried
when water is available, pressures are very low.
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o There is approximately 12.7 m of
distridution a;& in % system. The length of distridution
piping ty sise, material and age is given in Tuble IV-2,
five per cent (65%) of the piping is 75 mm or smaller G8 pipe,
Fifty-five per ocent (55%) of all piping has been in plece for 45
Joars.

In addition, there are about 6.5 km of 125-am 0T main, and
2.5 km of saaller diameter lateral pipe ranging from 50 to 75 mm,
within the Santo Nifo transmission system,.

C C ities. Two pipe samples were cut from the
distribution system for inspection:

(1) 50 mm, unlined GS, installed in 1932, removed 1975,
T« M. Kalaw Street, tuberomlatirn approximately 1 ma,
equivalent Hazen-Williams “C" value approximately 90,

(2) 75 mm, unlined GS, installed 1932, removed 1975, front
Lipa City Hospital, tuberoulation approximately 6 mm,
equivalent Hazen-¥illiams "C" value approximately 65.

Indications are that water from some of the supply sources is
significantly corrosive.

TABLE IV-2
SUMMARY OF EXISTING DISTRIBUTION PIPTNGS

Pipe
Diameter Pipe length o
{mm) Materig) 1
25 as - 40 40
50 as 1,135 1,325 2,460
62,5 as - 30 30
™ as 4,830 840 59670
100 ccI 70 215 285
125 ccI 615 250 865
150 cCcI 3% 2,055 2,445
200 CCl 40 825 865
Total 7,080 5,580 12,660

1"/'1'.»1. IV-2 does not inoclude the distribution piping (im-
stalled by consumers) in the outlying barrios along Santo Nifio
transmission main, and this transmission main,

V-5



%m In the higher west and centrel parts of the

distei R aystem, pressures are sero and water is gomrally un-
available except during the short }sriods that water is retismed
from the storage tank, In the lower east fringes of the system,
Water is generally available for 24 hours but pressures are low,
Pressures are higher farther east, in the barrios along the Santn
N2> transmission line (e.g. ranging from 24-33 m in Barrio
Muntingpulo),

Results of 24-hour pressure recordings are summarised belows

Preasure Range
Bunber Locstion Date {n)

1 West end National 1617 Sept
Road 1975 0-4

2 National Road near 23=24 Sept
Well No, 4 1975 D2

3 Rizal at Solis 2324 Sept
197% 0 - 1

4 Aquinal at Recto 16-17 Sept
1975 2 ~4

5 East and Malaya 22-23 Sept
1975 2=~9

6 Bonifacic near 24~25 Sept
National Road 1975 1=

7 Barrio Muntingpulo 24~25 Sept
1975 24 - 33

Valves and 8¢ There are some 12 kmown valves, and 40
fire hydrants Hooa.l-uadoﬂl with 75-am GS riser). Nost valves are
buried and lost, Most fire hydrants are inoperable, and without
sufficient water for fire-fighting.

Pub Fo o There are reportedly 30 pudblic fon:uh.tn-y ’
located in the barrios along the Santo Nifio $ransmigsion line,
These fountains which are ummetered and unbilled supposedly, were
previously given to the barrios hy the City Government as paywent
for right-of-way for the pipeline.

W. As of August 1975 ghere were 714 regin-
tered service oonnections, of whioh 60 were meiered, The follow-
ing 13 a summary of rogistered conmections Ly consumer category
and meter status. *

Vsanto Wisio (6), Sapas (13), Memtingalo (19) and Tangod (2)

Iv=-6



Consumer Netered Ummetered

Category Conpeotions Compeotiong Xotal
Domestio A4 594 638
Commeroial 16 57 173
Institutional 0 3 3
Total 60 654 T4

O eration 2% Naintepance. The LOWD opsrates and maintains
the spring and well sources, and the transmission and distribution
systems, Operation and maintenance personnel include six pump
operators, one plumber and five laborers. The opsrational daily

program oconsisis mainly of starting and stopping wells, pmps and
rationing water from the reservoir,

The maintenance Mﬂ ocnsists mostly of repairs to wll
punping units and leaking mains and services.

C. WATER QUALITY

Water camples were taksn from two of the Santo Nifo Springs
and from the deep wells in the poblacion. The results of the
water analyses are listed in Table IV-3. The spring water is
slightly high iu ocolor. Water from five of th) deep wells has
more than the permissidbl amount of manganese and from thres
welle, more than the permissible amount of irom. 4ll other water
quality parameters are within the permissible limite. Excessive
concentrations of iron and manganese are observed only in the
Wells Ko. 3 and 6. These values are compared with the standards
as followss

Y, For evaluation of water quality test results, two sets of
limits have been established hy the Philippine National and WHO
Standardst (1) The limit designated as "permissible” or "scoept-
able™ applies to water that would generally be acoceptadle to ocon=
sumers; (2) Values greater than "saximum allowable™ or “excessive”
would markedly impair the potability of the water.



TABIE IV-3

WAT=R QUALTTY TEST RESULES
LIPA CITY WATSR DISTRICT

Santo Nifle Sento Nifo Desp Well Doep Well Doep Well Daep Well Deep Well Deep Uall
Permis~- Spring In- Spring ™~ Fo, 1 Mataas llo.?latul lo.BClty lo.lbcr l-.smu. b.‘

Tost Oadt -:u-y tale ¥o, 1 take Mo, 3 na lups
Lim{t < 26 Apr *75 16 A °75 18 Agr ) ;6 Jcn '76 6 Jcn 76 ;6 Jan_*76 !g Jap *76 m

!!eom! (uais) 13 20 20 10 2 2 2 2 2

Taste - 3

Oder hd

Tarbidity e L] 63  § 0.5 2 2 2 2

Selids (ag/1) 3

s TS 500 136 194 309 22 182 182 2" o

e Suspeaded 3 2 T b § 1 1 1

Conduotivity (aicroshos/cms) 340 280 268 3535 790
’l‘* e 7-8.8% 7.8 1.6 8.0 &.2 8.0 8.1 7.8 8.0

Almlisity (umi/

s Total 108 a2 182 U 150 16 U4 260

e Fhowslrhtdalein o ° o (] o ° ° °

Total Nardases (.qn)y 30 k13 & 164 116 108 152 384

Caled (/1) -] 91 17.8 21.9 30.4 25.6 28,8 3.4 7.6

h-n-i.- . S50 4.8 6.8 8.7 .4 12.7 8.8 16,1 Mol

Trem " 0.3 0,08 0.02 0.01 0.2 i.,n 0,25 O.2 t.l

PMusride . 3 0.07 0.08 c.21 ) o 0

Gularide . 10 12 u 18 15 20 b1 198
 Salfwte . 200 4.8 12.% 10.3 1.5 113 10 13 »

Etrete . 1.3 1.2 1.2 1.2 2.6

Nangeness . .2 -0 il «006 25 h& 28 «20 ;3'

Copper . | 11 <001 «009 «123 o «130 Kt ]

Sias - . 3 <008 «006 «096

ipptse Entisna) Dtandend
as Oally
urnumauunom-mm—nuuuum--umummmm



Naximum Allowadble ’oﬁ aoﬂ

Test/Chemionl Tkt  (oxcessive) Limit Mo, 3

Iron ng/1 1.0 1.25 1.80

Nanganese ng/1 0.5 1.2 1.90

Considering that the water from these wells is normally mixed with
the rest of the supply, the overall average oonoentration of iron
and manganese in the distribution system would be within the "per-
missible” limit,

D. WATER USE PROFILE

Ceneral

The current water demands of Lipa City have been analysed to
project future water requirements. Data on metered ocomnections
and revenue-producing w~ter were obtained from the water district.
Other data were taken from field measurements on water production
and leakage and interviews with concessionaires., These data have
been used to establish the present water use profile,

PbE;a.t ion Served

In Angust 1975, tho water distriot served 714 registerad
oonneotions. Interviews with 20 consessionaires showed that an
average of 12.75 parsons ars serveld at each conneotion., This
number consists of 7.55 rrimary ussra per conneotion and 5,2
seoondary users por ocmnection. ‘ihe seoondary users obtain their
water by hand-carried buckets or pails from the primary usor. The
gecondary users often rzy the rrimar— user for the privilege of
obtainirg water, When ifuprovements ara meds and better water ser—
vice is provided, ths wator cistrici stould expect an increase in
the number of conneotions ag the pecondary user beocomes a primary
usere. Applying the averaze of 12.75 perscns per comnestion to all
connections yields a yspuletion scerved of approximately 9,100 per=
S0ns.

Domestio Consuavtion
Domestic constrption is the weter ussd for rousebold purposes
such as: oookins, bathirz, waching, ¢rinking, oleaning and toilet

flushing., Estimatvion of comostic conevmption is Aiffioult because
the majority of the servics connsctions to residences are umetered
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and low water pressures prevail throughout the distribution yvten
(suppressyd demand). However, metered consumption at 19 domestic
oonnections over an eight-day period in July and ingust 1575 was
0.8 cumd, Applying this average oonsumption rate to all comnec-
tions, assuming all oonnections have domestio consumption, yields
& total domestic consumption of 570 cumd, The corresponding unit
per capita consumption is 63 lpcd, It is estimated that the pre-
sent domestio consumption would be 115 1pcd if water pressures were
higher and 24-hour service was supplied to all oconcessionaires,

Copmercial and Institutional Consugption

Commercial consumption is water uge assooiated with business
operations, hotels, restaurants, markets and family commerofal
establishments, Institutional oonsumption is water used by hospi~
tals, schools, universities, govermment buildings and military
nnits. It is diffioult to estimate commercial and institutional
oonsumption besause a portion of it is aotually domestic oconsump-
tion. In most commercial establishments, the owner or operator
lives in the premises with his family, and in some cases, with the
employees. Baged on studies in other water distriots, the commer-
oial and institutional demand is 20 to 30 per cent of the domestio
demand. For the LCWD, the present ocommeroial and institutional use
is assumed to be 25 per cent of the domestic use. Therefore, the
commercial and institutional demand wounlad be approximately 140 oumd,

Industrial Consumption

Industrial water oonsumption is associated with the manufacture
or processing of goods. Like commercial oconsusption, the aotual
industrial consumption is difficult to estimate beocause it also in-
oludes domestio consumption. At the present time, the LOWD serves
no industrial ooncessivnaires,

Total Consumptio

The sum of domestio, oommercial, institutional and industrial
oconsumption is the total water oconsumption in the water distriot.
The total consumption is sumnarized belows

Consumption Unit Co ion
ate of Water Use (ound) ‘(w

Domestic . 570 63
Commercial and Institutional 140 15
Industrial ail -2

Total 710 78



The total consumption of 710 cumd is approximately 33 per cent of
the total water produotion. The remaining two-thirds of the water
is lost due to wastage and leakage. The water losses are desoribed
in a subsequent section on unaccounted=for-sater,

Acoounted-for-Water

Aocounted-for-water is the sum of metered consumption and the
inferred water consumption at flat-rate oonnections. The acoounted-—
for-water is revenue-producing water for the water distriot. In
July 1975 the metered billed consumption was nil and the flat-rate
billed oconsumption was 450 cumd. The total water produced in the
same month was 2,110 cumd. Therefors, the total acoounted~for-water
is 21 per cent of water production. This is & very low percentage
for accounted-for-water., A reasonable acoounted-for-water figure
can only be achieved through a program of metering all oonnections
and leakage elimination,

Unacoounted-for-Water

Unasccounted-for-water or unbilled water does not generate
revenue for the water district. The unaccounted-for-sater can
be dividecd into several categories: leakage, underestimated
flat-rate use, wastage at flat-rate connections and other uses,

leakage, Water is lost due to leaks in the distribuiion
mains and service conrsctions. From field observations, leakage
in the /WD system is estimated to be 36 per cent of the total
production or 750 cumd.

Underestimated Flat-Rate Use. Analysie of the metered oon-
sumption during the eight—day period in July and August 1975 ine
dicates that flat-rate charges underestimate oonsumption at flat-
rate connections by approximately 150 oumd, This is defined as
underestimated flat-rate use and represents potential revemues if
flat rates would be increased,

Wast at_Flat-Rate Connections, Because flat-rate ocnneo-
tions are charged a fixed amount regardless of quantity of water
used, the concessionaire has the tendsnqy to waste water Ly leaving
fanoets running and by not repairing leaks, This vastage is esti-
mated to be 100 per cent of the consumption at flat-rate comnec-
tions (non-metered oonsumption plus underestimated flat-rate use).
For the LCAD, the total wastage at flat-rate connections is esti~
mated to be 600 cumd. The elimination of wastage oan be achieved
by metering flat-rate oonnections. *

Iv-1



o Water for publio use (fire-Cighting, main flush-
ing, sirest oleaning), meter mder-registration, and wnemthorised
use is lumped together under tis oategory of other uses. Other
uses are estimated to represent seven per oent of the total produo-
tion or 160 cumd. The water use for publio purposes is estimated
to be equivalent to six lpod and that for the unauthorised use and
meter under-registration is estimated to be 12 1pod,

of Water Accouniabili

A summary of accounted-for-water is presented in Table IV,
The accounted-for-water based on the July 1975 billing, was 21 per
oent of total production. The acoounted~for-water is the smm of
the metered consumption Plus estimated consumption at non~aetered
(flat-rate) connections. The unaccounted~for-water was 79 per oent.
of the water production., 4 portion of the unacoounted-for-sater
can be considered as oonsumed water, namsly, underestimated flat-
rate use and other uses which inolude meter under-registration and
theft, This part of the unaccounted-for-water is defined as un-
recorded consumption, Thus the total oconsumed water is apportioned
as follows:

Accounted=for-Nater
Netered use nil
Flat-rate ute 49.5 1lpod

Unrecorded Consumption

Underestimated flat-rate use 16.5 1lpod
Other uses (include unanthorised
use and meter under-registration) 12 1pod

Total Consumed Water 78 1pod

The total consumption of 78 1pod obtained from analysis of water
acoountability inoludes «11 categories of water use,

Ad ed Water Demand

In order to determine the proper staging of source alternatives,
it is necessary to develop a supply-desand chart from the preseat to
the end of the design study. This oconsists of establishing the pre-
sent water demand and projeoting water requirements for specified
periods (1985, 1990 and year 2000)s The water wse profile described
earlier is for the present situation of low water pressures, inade-



TBIE TV~
STOURY OF WATER ACCOUNPABTLI®Y

dmount of Water Peroentage of
Category om/mo omd Jlpod _ Production

l. Aoccounted-for-water

as Netered oonsumption nil nil nil nil
" be Non-metered consumption
at 714 connections 13,950 450 49 21
Sub=total 13,950 450 49 21
2. 'Unaooounted-fon-ustor
a8, lealkage 23,250 750 82 36

be Undorestimated flat-rate

use at 714 connections 4,650 150 16 7

c. Wustage at 714 flat-rate
connections 18,600 600 67 29
de Other uses 4,960 160 18 7
Sub=total 51,460 1,660 183 79
Total Produotion 65,410 2,110 232 100

quate water service and oonsiderable vwastage at flat-rate comneo-
tions. In order to make a reasonable assessment of the present
supply situation, an adjusted water demand is established assuming
adequate pressures and a lower peroentage of unacoounted-for-water,

Under adequate systea pressures, it is assumed that the domestic
unit oconsumption would be 115 lpod and the ocommeroial consumption
would be 20 per cent of the domestio oconsumption. The unaoocountel-
for-water is assumed to be 40 per cent of the total produotion. The
adjusted water demand is itemised in Table I¥=5. The adjusted ave-
rage dally demand is 2,100 cund, exactly equal to the present supply
of 2,100 cumd. However, the maximum daily demand exceeds the pre-
sent supply by 400 cumd., The adjusted maximum daily demand estisate
for 1975 is used as & dasis for the subsequent studies,



TABLE IV-5 |
ADJUSTED 1975 WATER DEMAND

Catogory AMjusted Demand
Domestic 1,050
Commeroial and Institutional 210
Accounted-for-water 1,260
Unaocounted=for-water 840
Total Average Daily Demand 2,100
Maximum Daily Demand (1.2 x Average

Demand) 2,500

E. CONPUTER STUDIES

The purpose of computer studies of the existing transsizuion
and distribution syetem is to dnplioate, to the greatest extent
practicable, the conditions observed in the field, Ry doing this,
it is possible to c¢valuate the impact of imwediate improvesents to
the existing syatem. For a computer study to be meaningful, there
should be positive pressure over the entire system under study
during a significant part of the day. As described earlier nany
portions of the water distriot reoceive water intermittently; and
when water is available, water pressures are low, Because of the
above conditions, a computer analysis of the existing systes has
very little practical significance and therefore, was mot performed
during these studies,

F. DEFICIENCIES OF THE EXISTING SYSTEN

- The present level of service of the LCWD is wvery defioient.
The majority of oconsumers receive water only a few hours daily;
fire-fighting capebilities are nil. This is true even though pre-
sent water production is equivalent to about 230 lpod for present
served population.

Only 21 per cent of water production is acocunted-for (billed).
Only eight per ocent of connections .are metered. Leaksge and waste
is estimated at 65 per cent of total production, and ia especially a



problea along the Santo Nifo trensmission saine (see Pigure I%-4).
¥ell pumps are run on an aversge of about 15 hours per day.

There are mo piwns of the existing systen. Ratings of pamping
units, and capaocities of weils, are unkmown,

Sixty-five (65) per oent of dietribution Mping is 75 =m or
smaller OS pips. Over half of the distridution pipes hawe boen in
place for 45 years. Pips carrying capacities are serionsly reduced
by tubsroulation. Most gate valves are lost and most fire hydrants
are inoperable,

Fotential cross-comnections between water pipes and polluted
draing are numerous. Pressures over most of the system are mo
sero, The storage tanks are seldom oleansd, Hells do not have ade-
quate sanitary protection. Chlorination of the water supply is not
reliable. There are no water quality laboratory feollities, routine
water sampling and testing programs,

Transportation, equipment, tools and spare parts are lacking,
There are no mster or Plumbing shop facilities.
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CEAPTER V FRASIDILITY STUDY CRITERIA
A. CGENERAL

T™he planmning, design and eoconomio criteria wsed in the feasi-
bility studies have been derived from studies of looal oomditioms,
aocoepted prectices, standards and methods both here im the Failip~
pines and abroad. These coriteria, together with a developed basis
of cost estimates, have been utilised to evaluate and compare the
various alternatives identified in the ocourse of the study.

In the analysis and evaluation of sltermatives, feasibility
study oriteria need not be as refined as those uwsed in the detailed
dsvelopment of the recommended schems. The key poimt, however,
mst be consistenqy. As long as each alternative t0 be analysed
in subjected to similar ariteris (or rules) the screeming osa be
accomplished in a fair and oconsistent mammer,

3, PLANNING CRITERIA

This water supply feasibility study has been guided Yy the
following plamning criteris {not im order of importance):

le Regioms] Approsch: Plaming of faoilities has been
done on & regional baais, taking into acoount the
short-tera distriot boundaries and the long-term
logioal servios areas bsyond present district or
politiozl boundaries,

2e Sonrg%- of KWater: Oroundiater and surface water
have been given equal emplasis as potential souroces
of water,

3. Se ol t The recommended plan has beem
based on & gystem which will provide the highest
quality of water servioe within the "ability to pay”
of the ococusumers,

4. Copservation: Selection of altermative plans has
oonsidered water, power, chemiocals and foreign em=
changs as valusble resources wiich must be conserved
to the greatest extent possitle,

5e Develo ! The long-eenge implemsntation
progrem been bused on two ocomstruwotion stages to
satiafy the projected reqiiremsnts for a specific

dosign year,



Oenstrustion Togrt
Bage Deim Tex
Early Aotion 1916-76 g’g
Secomd Stage 1990=2000 2000

O

o mm&wna;mhc Prom sa arrey
of idemtify termatives, the reccmmsnded plam has

been selected om the basis of least (presens worth) cost
and other non~economio paramsiers. The selected plam has
been tested for economic/financial feasibility,

Te Skilhd%m: T™he recommended plan has re-
ocognised, in ¢ short term, the apparent shortage in
skilled, technionl and managerial expertise. Nuphasis

bas been given to the need for district persomnel training
and oertirioation.

8o Mater guality: The foasibility study has idemtified

recommendations for providing a water supply that is
safe, healthful and wholesome. It has developed com~
oeptunlly long-range water quality msnagement plans to
oonserve the integrity of this valuable resource.

C. mEsIoN carmmnl/
Dnit Mster Demands

Averege per ocapita domestic water consumption has been estimated
for the study area, using field data and available records of past and
present water use as well as those from similar oities, Por the
8is of existing conditions, actusl metered (or connected) oustomers
and "borrowers* are oconsidered separately. However, for short and long-
range plaming, it has been assumed that "borrowers® would eventual ly
become metered oconsumers, Per ospita domestic use has been inoreased
oach year to acooun? for economic growth within the commmity (eee
Chapter VI for detailed unit water demands ),

88 & peroentage of domestio demend, Inronounsuenoomm
availadle, a wnit flow of five owm/day/he (gross) bhas been weed,

yum- to Appendix A, Volume II,



dustries in the study area, Land seaing plams, available,
show those areas designated for future induwsirial deve .
Where no reocrds

Naximum daily and pesak hourly demsnds have been estimated from
f£i0ld data and available records. For the basic analysis of the
water supply fecilities, the following retios have beem used:

o maximmm-day to averege-day ratio = 1,2 311
0 pesk-hour to average-day retio « 15811=220121

Ducooutable Mater

Review of the availadle records and consumption patterns in-
dioates present unacoountable water to be in the order of 76 per
osnt of total water production., The ocomposite acoowmtadility of
water in the seocond five urban areas (Luoena, Lips, Cabsnatuan,
Tarlac &nd La Union) inoludes the tollowing:

Notered Dilling®e ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 0 0 0 0 o ”
Flat-rate Dilling® o ¢ ¢ ¢ ¢ 06 0 ¢ ¢ s 0 o 19

¥on=-billed use through flat-
rate corneotions ¢« ¢ o ¢ s ¢ 0 0 0 0 0 o 12

Noo~billed waste through flat
vateo oonNeOtions ¢ ¢ ¢ ¢ 6 s 0 0 0 0 s s 29

Leakage ® © 0 0 ¢ 0000 00000 00 28

Others (m‘tmm use, publioc use,
meter mm‘il‘tl‘fiﬂ) e e 0 0 0 000 1

%otal  100%

For preliminary design purposes, it has been assumed that:

o wacoountable water would be reduced gredually as positive
improvements are added to the system.

o Yy 1990, umacoountable water would be about 20-25 per
osnt of the total water produotion.

o ty 2000, unacocountable water would be reduced to 20 per
osnt,

¥=3



D. BCONONIC CRITERIA
Rate

The opportunity cost of capital or discount rete used im this
feasibility study is 12 per cent, The discount rete has beem used
for economic screening of the technically visbdle altermatives (see
Chapter g, Methodeology kanual on Water Supply Peasidbility Btudies,
Yolume X).

Inflationary Trends

Over the two decades preceding 1970, the Philippines was on joy-
ing quite a reasonable degree of price stability, marred only YWy a
brief period of inflation resulting from the 1960-62 develuation,
From i759 to 1969, the Fhilippines experienced an average inflation
rete of five per cent per anmm,

However, the pace of inflation from 1969 to the present has been
at least double that of the 1962-69 inflationary period, Politioa
unrest, extreaordinary monetary expansion in 1969, typhoons, plant
diseases, floods, a second devaluation early in 1970, and lately,
the oil crisis and worldwide inflation explain the severity of the
loocal inflation. Prioe control policies failed to suppress the
sapiralling prices.

(The MRASA Water Supply Study for Greater Manils in 1969 assumed
& five per ocent inflation rete based cn 1965 prices. The LW project
undortu):nn in 1972 assumed the saxs inflation rete based om mid=-1972
prioes,

While it is diffiocult to separate clearly the effects of
domestic and external factors on the price level, in most recent
Yyears before 1973, external factors apperently played a relatively
smAll role in the price increancs, In oomtrest, the large prioe
increases in 1973 were attributable £3inly to external factors,
such as the oil orisis. The charn ino=ceses in the priocs of arude
oil, coupled with rassite prios inccoases in essential importa
and rew material shortega, and the urual reinferoing inflatiom
paychology, triggered the almost 40 pe» ocent inflation rete in the

In 1974, inflatiorary and resessiorery developments and domestio
food shortages oontinued to prt heavy yressures on the loocal 000RoNY .
Due to these developments, consumer prices inoreased at an amnual
rate of 30 per ocent in 1974.



Reoent statistios released Yy NEDA indicate that for the
calendar year 1975, the government effectively decelerated the
sanual inflation rete to 8.7 per ocmt. The dsmpening of prices
was reflected in almost all categories of consumer items, motably
food, fuel-light-wmter and clothing. Pricsa of principal ocom=
modity exports of the Fhilippines have declined and are expected
to stabilise probably after 1977.

Projections »ade in this feasibility study assume a gemerel
price esocalation rete of 10 per ocent for the period 1976 through
19803 eight per oent for the period 1981-85; and six per oent for
the period 198690, These are subject to the following oconditiomss

0 no major changes in tho structure and stability of
international politiocal relatiomsj

0 no signifiocant changes in production technology which
would reduce depandence om 0ilj

0 no drematioc increases in the prioce of pstroleum products
originating from the cartel ocountries;

0 the government would not retrench (i.e., fight inflation
at the price of the recession that goes with it) as
foreocasted;

no signifiocant oil discoveries in the ocountry; and

no internal political unheavals of sigaifioant pro=-
portions,

E., BASIS OF COST mfrm'n:ﬁ/

For the purpose of cost estimating, a oonstruction ocost index
(CCI) for water supply projects has been developed, with 1965 as the
base year (CCI = 100). Unit costs for the water supply feasidility
studies have been projected to July 1976 price levels (CCI = 384).
Construction cost ourves have taan developed for in-place ocosts of
pipelines, deep wells, water treztment plants, pump stations, and
storege reservoirs and uced for ostimating the relative oost magni-
tudes of alternative water supply plans, Escalation factors used
in ocaloulating the capital ocost of recommended improvements are
tabulated as followss

2/, Details of cost estirates are presented in Appendix B,
Volume II.
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Joop Insnladion Feoter

1976 1,000
1977 1,100
1978 1,210
19719 1.3
1980 1464
1981 1,581
1982 1,708
1983 1.844
1984 1.992
1985 2,15
1986 2,280
1987 2417
1988 24562
1989 2.6
1990 2,879

Fo INPLEMENTATION SCHEDULE

For purposes of feasidility study and economio
apalyses, an implemsntation schedule has been assumed. The follow-
ing is the probable time~table which covers the plamming, design,
Early Action Program and Stage I Phase As

Final Report Submission June 1976
Select Engineers December 1976
Start Final Design Narch 1977
Complete Early Action Works My 19717
Complete Pre~design Surveys Septeader 1977
Complete Pinal Design July 1978
Start Construotion Ootober 1978
Complete Construotions

a) BSource 1980

b) Treasaission 1982

o) Distribution 1982



CHAPTER VI POPULATION AND WATER IENAND PROJECTIONS
A. GENERAL

One of the early stepe in developing the preliminary design of
a water system is the projeotion of future population and water de-
mands in the delineated service arva. These projections have a sig-
nificant impaot on facility layouts and sizes, oonstruotiocn staging
and oost of the project.

B. POPULATION PROJECTIONS

Population projections took into acoount past population trends
(Table VI-1), land use and development Plan, physiocal limits of the
urban areas, and current and proposed public facilities in the study
arede

Population trends indicate that population in the study area
would increase from 52,450 in 1970 to 121,800 in 2000 (ses Figure
VI-l and Tables VI-2 and VI-3), The projected annual growth rate
from 1970 to 1980 is 3.3 per cent. Annual growth rates will de-
orease to 2,8 per cent in 1980-90 and 2.4 per oent in 1990-2000,
Fopulation densities (Table VI~2) will inorease from 27 persons per
heotare in 1970 to 62 persomns per hectare in 2000,

The served population which was 20 per cent of the total study
area population in 1970 is projeoted to be 55 per cent in 1990 and
73 per cent in 2000 (see Tables VI~4 and VI-5)., As shown in
VI=1, the served populaticn decreased between 1970 and 1975 beosuse
of the poor water servioe provided by the LCWD, The served ropula-
tion is projeoted to increase from 9,100 in 1975 to 53,400 in 1990
and 88,700 in year 2000, This represents a more than nine-fold
inorease in 25 years.

Chapter 4 of the Methodology Manual provides a detailed dis-
oussion on population projections ussd in the water supply feasi-
bility studies,



AUBLE V-1

T R L LY S ——
LIPA CITY WATER DISTRIOP

4d¢ Present Servios Area 1948 1960 3370
Latag 438 693 1,062
Matass na Lupe 1,605 1,554 1,189
Mmtingpulo 430 652 8%
Sabang 974 2,89 2,890
Sapao 1,259 1,483 2,125
Slntobliﬁo &5 ﬁ? ggg
An-tipolé/ (part 1,030 1,085
Antipolo del Nort
TOML 15,028 21,760 30,422

Be 3Study Area Extension for
Year 1990 Servioce

Antipolo (partia 1,030 1,085

Antipolo del 2,8

Lodlod 1,358 1,683 2,483

rane” ] A O
[ ]

Pernandol/ 606 M4 409

TOML 5¢528 9,162 13,433

-]'/Sourou National Census and Statistios Offioe,

?/Pu't of Mataas na Lups in 1948 and 1960,

}/ Divided into Antipolo del Norte sad Antipolo del Sur im 1970.
S/Ptrt of Antipolo in 1948 and 1960,

ﬁ/ Divided into Antipolo del Norte amd Antipolo del Sur im 1970,
gﬁﬂofhtipolohl%ﬁlndlm .

Urart of teabo 1n 1348,
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TABELE Vil (Continmed)

Ce Study Area Extensiom for Year 2000 Service

arrio 1348
Bagongpook 810
Baoaybanay 1,571
Bolbok 1,016
Dubatend/ 600
Pangso 767
Pinagtongulan 1,326
TOTAL 6,090

. ymuwmmuIMudm.

1360

936
1,608
1,344

630
1,025
1,070

6,6M

970
1,402
2,341
1,620

675
1,417
1,139

8,594



TABLE VI-2

POPULATION PAST TRENDS AND PROJECTIONS AND DENSITIES
LIFA CITY WMATER DISTRICT

Present Service Area ‘

1948

1960

1970

) ion Outside FPoblacion Year 1990 Extension Total Populatioa
A =130 Ea A = 380 Ha A = 785 Ha A = 670 Ha A = 1,95 Ba
Density Growth Density Orowth Density CGCrowth Denszity Jrowth Density GOrowth
Pope P/Bs %  Pop, B/ _%  Fop, P/Sa  _4%  Fop, Fopy
8,663 671 6,365 17 5,528 7 6,090 9 26,646 14
3. 3.2 403 0.8 3.5
12,521 96 99240 24 9,162 12 6,671 10 37:554 19
3.6 3.2 3.9 2.5 3.
17,768 137 12,657 33 13,433 17 8,594 13 52,449 27
35 3.0 3.5 34 N 3.4
23,000 132 . 17,000 45 18,900 24 12,000 18 72,900 37 '
2,0 3.5 3.0 3.0 219
30,500 235 244,000 63 25,400 32 16,100 24 96,000 49
1,0 3.0 3.0 3.0 2441
33,700 259 32,300 85 34,100 43 21,700 121,800 62 |

Year 2000 Extension



Iesp
1948
1960
1970
1960
1990

2000

TABLE VI-3

SWOARY OF POPULATION PAST TRENDS AND PROJECTIONS
LI CITY WATER DISTRICT

Present Service Area

15,028
21,761
30,422
42,000
54,4000
66,000

Year 1 Extension
54528
9,162
13,433
18,900
25,400
34,100

Year 2000 Extension

6,090
64671
84594

12,000

16,100

21,700

Total Study Ares
26,646
37,59
52,449
72,500
96,000
121,800






ANE ViS5

SUSARY - NOFRATION SERVED FROJBOPION
LIM CIYT WATIR DISWICY

2970
1985
1990

i Pisia  _hemt et
5,449 10,400 20
63,600 31,000 n
96,000 33,400 3
121,800 88,700 n



C. ITHMAND PROJECTIONS

Water supply projeotions have been made for demestio, cemmer-
olal, institutional and industrial demamds, and for wnascoumted-
for-aater, Water demand estimates for Jernamde Air Bese are aleo
inoluded. Imherent in making projections are asswaptiens abeut
future oconditions., These assumptions are disowssed in this section
for each category of water use,

Domestic Demand

The projected demands for domestio water have been based on
a unit per capita comsumption and the projections of served popu~
lation. In Chapter IV the present average domestio unit oconsump-
tion under oonditions of adequate supply and pressures was esti-
mated to be 115 lpod, It is estimated that the umit oconsumption
will increase at a rate of approximately ons per oent ocompounded
amually between 1975 and 1990 and at a rate of 0,7 per oent bet-
ween 1090 and 2000, The projscted domestic unit consumption is
licted below:

Projected Domestio

Togr Copsumption, lpod
1965 127
1990 135
2000 145

The proje .ions assume an increasing ecomomio growth rate for the
population in the study area ooncurrent with a prioing policy and
public relations program on the part of the water district to dig-
oourage wasteful and uxtravagant water, The deoreasing growth rate
of water use reflects the long-term prospects of water shortage in
the Lipa City area,

roial itut ri

In Chapter IV the present commercial, institutional and in-
dustrial demand was estimated to be 20 per cemt of the domestio
demand. For projection purposes the sum of these desands is Pro=
Jscted as a peroentags of the domestic demand. As more of the
residential population is served, the ratio of the commercial, ine-
titutional and industrial demand will decrease. It is pro jected
that the commercial and institutional demand will de 1S per oent
of domestic demand, The projected demands are listed as follows:



Mrojected Cemmercial, Institutismal
and Industrial Desmand as a PNerevestage

ot

1968 : 15

1990 15

2000 15
Perpandp Alrfield

The Fernando Airfield lies within the water distriot's pro-
Jeoted service area. DBoth the airfield and the LOWD obtain water
supply from the groundwater resource, Since the two will be
competing for the same resource, the supply for the airfield is
included in the LCWD water demand projeotions. Also, it will be
to the district's advantage to serve the airfield because of the
added revemue and because of the need to olosely monitor ground-
water extraotion,

The airfield presently obtains its water supply from 15 deep
wells located on the airfield property. Because of pamp failures
and operational difficulties only 10 of the wells oontribute to
the total surply. The pumping capacities range from 10 to 60 gm
and pumping periods range from 12 to 24 hours per day. Total
pu=ped water is estimated to be 1,200 cumd., Several areas on the
airfield complain of low water pressure and at times the residents
augment the airfield supply by using hand pamp wells. By joining
the water district, the airfield residents will reoceive better and
more reliable water service and the airfield will eliminate in-
effioient operation and maintenance of 15 puaping units. The air-
field's water demand is projected as follows:

Projected Water Demand for
Po

Yepr eld
1985 1,750
1990 1,800
2000 1,850

Upacooupted-forMater

The present unuocounted-for-water is 79 per oeat of water
production, Meld studies indioate that 3§ per oenmt is cansed by
leakage and the remainder is unrecorded consumption (inpluding
wastage at flat-rate connections). The water distriot must imple-



m.mtommﬁt“tu. As soom a8 pos-
sidble, the wmter disiriot should wdertaks & progrea for leaknge
detootion and repair apd o prograa to meter flat-rete commectioms,
It is estimated that the water distriot csn reduce the wmacoounted-
for-amter to 25 per oent ty 1985 and to 20 per oemt Wy year 2000,
The projections for unscoounted-for-water are 1isted belows

Unacoounted- Leakage Unrecorded Total
Iear forWeter (£) _(1pod) Dee (3pad)  (lped)
1985 25 29 19 48
1990 22 27 18 45
2000 20 25 17 42

mlouhpmdthomoomndwm expected to decrease
as showm, The unrecorded use will be mostly public use (because of
improved fire-fighting potential) and a portion, due to meter mder
registeation. By year 2000 the leaknge is expected to stabilise at
12 per oent of the productiun and the unrecorded usage at eight per
osnt, This is believed to be a reasonable gool whioh the water
distriot oan achieve through an effective metering progrem, periodio
leaksge survey and elimination, and 800d management prectices,

Swmpiy

The projected unit oonsumption figures for domestio, ocommercial,
institutional, industrial uses and unacoounted-for-water are presanted
in this section. 'The Projecticns are based on the assumption that
the demands for each oategory of water use will be equivalent to the
scoounted-for-uater in that oategory. The projected wmmit oconsumption
and supply requirements are listed in Tadle VI-6,

The projected average daily demand and supply requirements are
listed in Table VI-7. The total average daily demend §s projected

The projected average daily desand and SUPPly requiremsnts listed
in Tedle VI-7 are used to caloulate the maximm daily demsnds and poal=
bour demands listed in Tadle Vi-8. The source development
discussed in subsequent chapters is soheduled on the basis of maximum
daily demsnd projections, The trensmission lines and distridution
maing whioch ocuvey water to the mjor demand centers are designed for

peaj-hour requirements.



. TANE VI-6
AVERAGE UNIT OONSUMPTION AND SUPPLY REQUINEMENT

Stegery
Mi@, ipod

Commercial, Institutional
and Infustrisal, lped
(Peroentage of Domestio)

Syb~total
poal-oj
Fernando Air Base, 1
Acoounted-for-water, lpod

Unacoounted=Cor-emter, lpod
!(uham“f of Production)
pod
Threcorded Use, 1podis/

Total Tnit Demand and Supply
Requirement, lpod

2/ Besed on Ootober 1975 billiag.

10/ pernando Air Pase mit supply caloulated from

& 1z

1
(;g) (1?)
8 us

ail 56
Y 2

i, a8
Y (25)
g 29

7 19

232 250

served, Fernando Air Pase supply requirement is mot
caloulation for unacoounted-for-aater,

1/mis f1qure does not agres with that in Teble T¥~f beosuse
all of Item 2.b and part of Item 2,4 are inoluded in the domestio

and non-domestio consumptiom,

135 45
20 22
(15) (13)
155 167
k'Y 21
189 188
43 42
(22) (20)
27 25
18 17
24 2%
LOWD population
inolwded in the

lz/m 1975 the wmrecorded use inoludes pudlic uso and wastage
&t flat-rate comnections. The projected wnrecordsd use inoluides
pubdblic use and meter under-registretion.

-1



PABLE VI-7

AVERAGE DATLY WATER DENAND AND SUFPLY REQUINENENTS (oumd)

Sategory | A5 18 190 2000
Domestio 570 34900 79200 12,900
Commeroial, Institutional
and Industrial 140 600 1,100 2,000
Sub~otal T20 44500 8,300 14,900
Ferpando Air Base ail 1,750 1,800 1,850
Acoounted-Cor-water 1o 6,250 10,00 16,750
Unacoounted=for-wmter 1, 1,500 2,400 3,700
Total 2,110 7:750 12,500 20,450
M™MBLE VI-8

MAXINUM DAILY AND PEAX-HOUR REQUIREMENTS (oumd)

1985 T+750 99300
1990 12,500 15,000
2000 20,450 24,500

H/ See Footnote 12 of Table VIS,

11,600
18,800
30,700

14/surimm daily demsnd is the marimem demand cocurring on any
day during the year, Jaximum daily demsnd is assumed to be 120 per

ont of averege daily demand.

Wmmumhmnmrorwmmma
during the year. '.lhpub-honrdo-ndunmdtoh:lsom

osnt of average daily demand.



CHAPTER VII WATER RESOURCES
A, OENERAL

The Lips City Water District (LCWD) is currently supplied
water from 14 amll eprings on the flanks of Yount Malepunyo and
Dilanan Hill and from six smell producticn wells. A nusber of
barrios within Lipa City obtain their waier from separste piped
supplies from small springs in the area, Fernando Air Base, four
kilometers west of Lipa City, has a private water system fed Ly
eight active deep wells, and various subdivisions in Lipa City
have private dsep well water supplies. Numerous individuals and
commerocial enterprises have small private wells and the remminder
of the people in the area, nct connected to a putlic or private
supply, make use of public wells or springs, Pigure VII-1 shows
the looation of the wells and springs,

B. GROUNDWATER RESOURCES

This high terrace slopes gently to lower elevations toth north
and south from Lipa City and drops abruptly to the west into Teal
Lake, The topographic relationships are somewhat unfavorable to
groundwater development through wells because recharge is limited,

Despite an unfavorable topogrephic environment, it may be
concluded that the LCWD must utilize wells to exploit the under—
lying aquifers to their maximum safe yield, The conmvenient springs
are too smll to have any prectioal applioation and the larger
springs are distant, insuffioient except &s & supplement, and liable
to decrease in flow as more wells are drilled,

Geology

Lipa City lies in a voloanic Area, Teal Lake, to the west, is
in the crater of a voloano that erupted reoently in geologic history.
This voloano is still active, with Voloano Island in the lake re-
presenting the current arater and ocenter of activity. The last
eruption ocourred in December, 1570,

The mountain complax of Mowmt Malcpunyo, Dilanan Hill, Mount
Dalage and Mount Mataas na Bundoo to the east is a nop~active vol-
canio area oomposed of andesitic rook of Quatemary and late Tertiary
Age, Thirty km farther odst, Mount Banahaw is olassified as an

Vil -1



aotive voloano with its last major eruptions over 200 years ago in
1743+ Other non=active volosnoes exist to the north and south,
essentially ringing Lipa City with exposed voloanic rocks.

The bench or terrace that Lipe City ooccupies is oomposed of
sedimentary rocks or Late Tertiary to Quaternary Age, bably
deposited in the valley between Mount Malepunyo (et al) and the
ancestral Teal Voloano, The section has been explored to about
160-m depth hy severel wells although most wells are shallower.
The rocks identified in logs are largely adobe (4uff?), tuffacecus
sandstone and clay, all derived from voloanic parent material,
Correlation of individual rock units from well to well is wnve-
liable or virtually impossible, probably in part beoause of in-
consistent logging nomenclature and lentiocular and disoontinuous
beds. Beds of "rock" are logged but it is unocertain if theze re-
present voloanio flows. Most of the seotion consists of adobe
and tuffaoceous sandstone which are possible, but probably poor,
aquifer materials.

Ag_ul_;ers

The voloanic rocks of the Mount Malepunyo complex comprise an
aquifer that supplies the high springs in the eastern part of Lipa
Citys The springs are numerous, but none on the Lipa City eside of
the mountain complex are of large oapacity. However, infiltretion
in the volcanic mountains not only supplies the springs but wn-
doubtedly is a source of recharge to the sedimentary aquifers to
the west through subsurface trensfer of water.

The sedimentary aquifer system lying between the mountains and
Taal Lake, is complex, It coneists of permeable beds (sandstones,
adobe?) separated hy impermeable beds (clays) but with no continuous
patterns that can be recognized through a study of the aveilable logs
of existing wells. The fact that continuity of permeable sones
(aquifers) and impermeable sones (aquioludes) exists from recharge
area to outorop area ie evident from & study of piesometrio head
levels at varivus depthss For example, water oan be heard falling
repidly from a higher agquifer to a lower aquifer in an abandoned
well at the Capuchin Seminary in Lipa City, and looal drillers report
that wells drilled below 60 and 90 m have much lower mtatic water
levels than shallower welle, Data from a group of wells about three
kilometers northwest of the poblacion are listed as follows:
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The multiple Aquifers do not appear to be oonsist but vary
laterally in their mtoxhnut:lmhipc from place to place. In
the vioinity of the poblacion, there seems o be a relatively
occastant static water level in all wells down to 100-m depth (but
bot deeper), indioating that all the permsable sones above 100-a
depth in this area (exoept for the VOIY-near~surfaoe sone) are

It is & rether unusual situation where the deeper aquifers
naturelly bave much lower Plesometric levels than the shallower
aquifers. This situation is 1llustrated in Appendix Figure VII-B-1
48 @ simplified schematic oroes-section of the aquifer gystem (this

touofcpriue-u\dmpoontbo steep escarpment of Teal Lake to
the wset and on the gentle slopes to the north and south, The
piesometrio level in each &quifer is the elevation of the outarop
and rises toward the recharge area at a rate deternined Yy trens-
mnissivity and rate of flow of water., The implications of this
situation are four-rold, Firstly, the deeper wells will

greater pumping 1ifts than shallower wells, Secondly, it is mm~
desiredle to tap two aquifers with the same well beocause the



and oonsequent subsurfaoce trensfer to the permeabdle

Tockse There are no available data to quantify this recharge, but
in other areas in the Philippines, the recharge potential of the
voloanic mountain mamses is very high. The other sourcs is from
infiltretion from precipitation and surface flow directly into

the upper aquifer zons, This recharge camnot be acourstely quanti-
fied beocause data on runoff and other faoctors are not available,
However, in similar enviromments in various parts of the world,
infiltration is often about 10 per oent of preoipitation., This
would be an annual infiltration rete of about 170 mm, oquivalent

to about 450 oumd per sqkme The aquicludes are probably not totally
impermeadble and some of this infiltration probably percolates dowm
to lower aquifers,

Discharge from the sedimentary aquifers was originally from
springs and seeps in the outorop areas of the various aquifers,
Reoently, artifioial discharge through wells has become more and
more signifiocant,

Prior to development by wells, aquifers are in a state of
dynanmic equilibriwm, in which recharge and discharge effectively
balance over long periods of time. Discharge from wells upeets
this balance by removing water from groundwater storage and lower-
ing the pleromstric head in the aquifer, Xquilibrium oannot be
re-established until there is no further loss in groundwater storege,
This can only be accomplished by an increase in recharge or a de-
orease in discharge or both, All water discharged from wells is
balanced by a loss of water somewhere, If the pumping rate is
greater than any possible increase in recharge or decrease in
natural discharge, equilibrium can never be re—established, water
will oontinue to be lost from storege, and the aquifer will eventual-
1y be dewatered,

reach the mowntains, Likewise discharge from the existing springs
and seeps west, north and south of Lipa City will decrease or oshse
when the influsnce of punping reaches them, 411 these offects re-
sult from the withdrewmal of groundwater from storege and the oon-
sequent decrease in head in the aquifer, If the pusping rete in
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any of the Lipa City aquifers is too great, the head will decrease
until the piesomsirio level is below the top of the aquifer, The
aquifer will then begin to be dewatered and eventually the

rate will Lhave to be reduced, The maximum safe yield of the aquifers
is the rete of withdrewal that, within the limits of ecomomic preo-
tioability, interoepts all possible naturel discharge, Th's will
ooncurrently increase naturel recharge to a prectioal limit, Arti-
fioial recharge to increase permissible pumping retes is a romote
possibility but is not considered economiocally feasible or neces-
sary &t this time, Investigations for prectioal applioatioms of
artifiocial recharge would be oostly, difficult and time~consuming.
It iy also possible that deep wells (over 350 m) might eventually
induce recharge from Taal Lake, which might be beueficial or detri
mental depending on the lake water quality,

Mellp

Fumerous wells have been drilled in the LCWD area both to swply
the major part of the LCWD water and to supply government agenoies,
commercial establishments and private individuals in the area, LCWD
bas six operating wells with production capacities of 2,6 to 5.8 1ps,
which currently produce a total of approximately 1,230 cumd, Fermando
Air Base, four kilometers west of the poblacion, has eight operating
wells (out of 11 wells total) currently producing a total of about
2,180 cumd. The production of the other wells is not known but is
much less,

Data were gathered on 58 existing wells and used as a basis for
the groundwater studies., These data are summarised in Appendix
Table VII-B-1 and the well looations are shown in Pigure VII-l,
Stratigrephic loge of varying reliability were obtained for most
of these wells; examples are given in Appendix Figures ViI-B=2 to
VIIeB=7,

One LCWD production well, L(~58, which is currently used only
to supply the markeiplace wms tewtod during the studies. It has a
sutmersible pump ocapable of producing 5.7 lps, tut the wll was
found to be capable of supplying abowt 13 ipse The LCHD is equipping
the well with a larger pump and will oormcot it into the wystem,
therety greatly increasing ths cuantity of aveilable water,

The studied wells ranged 7rum 21 to 162 m deep and had specific
oapacities varying from Oel to 5.5 lps/meter. W1l construction
generally is poor and so the batter wells are oonsidered more indi-
cative of generel aquifer charecteristios than the poorer omes, No
proper pump test data are available tut the specific oapscities of
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4he two best wells in the poblacion (probably both in the aquifer

bott at about 90=m depith) indiocate & trensmissivity of about
400 m for the aquifer tapped hy the wells, It is wuysumed
that 30=-1ps wells can be constructed for production use.

Under the ociditions inferred at Lipa City, where water is
needed & long dis;ance from both mecharge and discharge areas,
the most efficie~.t arrengement (to minimise drewdown) is to spread
the wells unilormly throughout tke area of use, The drewdown at
different se arations can be computed. Assuming no well loss, no
recharge, production rete of 30 lps, trensmissivity of 400 ouul/l,
storege coefficient of 0,0001, and & pattern of seven wells, ome
in the center of a hexagon of six, all equally spaced, thent

Time Well Drewdouns
Elapsed ziing Central Peripherel
8 m Nell ‘-! ¥ell ‘!]
500 500 45 4
5,000 500 54 52
500 1,000 41 40
5000 1,000 50 48
500 2,000 36 34
54000 2,000 45 43

Although the differences do not appear pronounoced, oonsidering a
static water level of about 15 m or more and a maximum permissidble
well depth of about 90 m, pumping levels are relatively deep. It

is necessary to minimize drewdown as much as possible to avoid
interference with the upper productive portions of the aquifer and,
conssquently, the 2,000-m spacing is desireble for the first wells,
As oan be seen, increasing spacing has progressively less effeoct
and 2,000-m spacing is probably a preactical limit, This spscing -
oan be altered later when better data will be available from the
first new production wells, An additional factor to oonsider is
that more wells than seven will eventually be required and each

new well will increase the drewdown in all wells within its redius
of influence., It may be neceasary to decrease the assumed production
rate of 30 1lps to avoid excessive drewdown in the upper agquifer.
Consequently a conservative production rete of 15.8 lps (1,350 cumd)
for each well is used in the economic studies to assure that well
costs are not assumed to be unrealistiocally low,



The prodblems of spacing and exvessive drewiowm will be of no
lese importancs when wells are drilled into a lower agquifer,
Although the upper 100 m or more of well bore will be ssaled amd
absolute pumping levelz my be lcuer without csasing dewadering
problems, the static wter levels will like ‘me be very low amd
" 4w drewdown available for production pumping may be even more
limited than in the shallower wells. Howewver, interference between
various aquifers at different depths will be minimal and speoin:
oonsiderations apply only within the individual aquifer. Thus
wells in cne aquifer oun be addad tc a paittern of wells in another
aquifer that already has wells at tlie =inimm spacing without sig-
nificant autual interference,

Quality of well water in the Lipae City area is generelly exosl~
lent except that iron content is somewhat higher than tbe psrmissidle
limits met Ly the Philippine Bational Standards, in 2 few oases, but
in no analysis is the iron content extremely high.

Tost Well Program

A toewt well wus drilled in Lipa City in an attespt to further
quantify the practical production rate that can be expected from
one well and to evtluste various construction techniques. A4s there
are no svailable substantive data to indicate axeas of detter than
normal aquifer, the well was located for convenisnoe in the yard of
the 0.,B. Lontooc Memorial School (Figure VII-i)e The site was donated
ty the school board and it is noar the pipeline from the springs in
the mowntains to the cagt,.

The well wao ppecificd to be:

le 91 m deep s0 ay to teri the upper seotion; deepsr wells
in the Lipe City area tonding to penetrete an aguiZer with
a distinurtly lowsr ciatic water lovel,

2. ooastruction with 250-rm dizmeter casing and slotted ossing
to permit high production ratos. To facilitate development,
oontinuous wirc-tound scoreen would have been used in place
of slotted pipe if it had been available.

3. gravel-packed to cwoid sand production in the event that a
fine, looso snction vas encountered.

4. electric~logeed to pick the most suitable sections for
screening, The requirement for wn eleoctrio log precludes
the ure of casing in drilling the hole and, tharefore, makes
it neocessary to drill the Lkole with a rotary drilling rig,



riz available; only two presently have rotary rigs. A contractor
drilled the well, starting astual work on 10 Pebruary 1976, The
work progress is very slow, The sampling techniques were poor,

and the hole was allowed to stand full of wud for long periods,
whioh tends to Plug permeable sones of the formation, e general
'ssign of the test well is shown in Appendix Pigure VII-B-8, the
stratigraphio log and 8oreen placement are shown in Appendix Pigure
VII-B-9, and the electrio log is shown in Appendix Pigure VII-BE-10,

There was little difference shown in the samples from 8.8 m
to the bottom of the well, all largely oonsisting of fine to very
ooarse, sub-ang:ilar to sub-rounded, dark gray to brown sand grains
composed of fragmanis of volcanic rock, Some clay and gravel were
noted, Therefore, the perforated seotions of casing were placed at

Self-potential and three normal resistivity ourves were plotted,
The self-potantiel curve was featureless and of 1ittle valus, pro-
bably because of instriment probleme, The 0,25 foot normal ourve
was subdued because of the influence of the mud in the 330 mm bore-
holes The 2,5-ft normal ourve was most distinotive and was used
mainly to piok permeable zones. Since the self-potential curve
could not be used in the intorpretatien, it was assumed that the
high resistivity sones represented porous and permeable sands and
the low resistivity zones represented clayey sections, Thust

ls Very porous and permeable sand sections are inferred from
the water tadble at about 42 r¢ (12,8 m) to 57 £t (17.4 m)
and from 67 £t (20.4 m) to 110 £t (33.5 m).” Although these
sections are so high in the well that drawdown would be
severely limited if the paping level were to be maintained
above the slots, it was essential to test these sectiong
wiich appear to be tke best in the well, Slotted casing wag
Placed from 21,3 to 33,5 meters,

2+ Relatively porous sands interbedded with thin clays are
inferred from 130 £t (39.6 m) to 169 £t (51.5 ®) and from
185 £t (56,4 m) to 223 £t (68.0 m). Slotted casing was
Placed to test these sections from 39.6 to 51.8 m and from
57«9 to 67.1 meters,

3. Pslatively porous sands interbedded with thin clayx are
«Aferred from 235 £t (71.6 m) Aownward with the seotion
beooming more porous and permeable toward the bottom of
the borehole. Slotted csting was placed from 76.2 to
88.4 meters, .



 After drilling, electrio logging, essing installation and
grovel-pack placement vhe well was develeped Iy altersate air-14ft
puaping and dach-Clow for a period of 63 heurs., After this develop-
ment, a small capacity pump was installed and & short tera
test was performed, This pumping test produced oaly 1.9 lps with
@ drewdown of 24.1 meters, yielding & speoifio oaracity ef 0,1 lpe/
meter, DBeocauss of the wnexpectedly poor resulis, the drilling oom-
traotor was instructed to withiraw the installed pamp, perform ad-
ditionsl development with a surge block or large bailer and re-test
the well with a larger pumpest. Additiomal development was ocarried
ont for a period of nine hours, after whioh & secemd pomping test
was performed. The data resnlting fros this pamping test oould not
be utilised for determinetion of aquifer paremeters beocause of the
sy interruptions ocaused Yy owmtrector oquipment failures, HNowsver,
& second short term specific capacity was determined as 0,5 lps/meter,
resulting from & pumping rate of 3.8 lps and a drewdowm of 8,1 moters,
from the test., This pumping test data is presented in Appendix Teble
VII=B-2 and Appendix Pigure VII-B-11,

Although the test well oonstructed during this project did not
prove to be as sucocessful as antioijated it is felt that the prime
oiples disouseed previcusly have bren demonstrated o be generally
corrects The need for strict technioal supervision of drilling
oontrectors is evident, Additional development and testing of the
tesi well oould pomsibly yield improved results with additional
valusdle data,

Itnltbonoo@iudthatmtutmllmdmtm is not
definitive with respect to the quantity of water which oan be pro=
duoced from production wells in the LCWD. There are mmerous SNOoeS e~
ful wells of small to moderate capacity throughout the area indioating
& widespread aquifer system but mot indicating the actual ability of
the aquifer to sustain a certain level of well production at any ome
lonation, Thus, regardless of the test pump results from the tont
weil, the previously assused production rete of 15,8 pls (1,350 oumd)
will be used for further economic studies, Additional recent reports
conoerning a 200 meter deep naturally-developed well looated across
the highway from Fernando Air Base, which produces approximately
32 1ps with an estimated pumping water level of 76 meters, tends to
oonfirm this average rete,

Peture Test Progres

Further tests should bs run on the test well before a plaa for
exploiting Lipe City's groundwaier rescurces is finalised, Pour
aquifer sanes were identified from the eleciric log and sere cased
with slotted pips, BEach one of these somes should be tested OPph~



Two gonerel designs for production welle are given in Appeadix
Figures VIl-B-12 and VII-B-13., A prime requirement is that the well
be electrio-logged as a guide to setiing screen opposite permeadle
sections. This requiroment, in turn, makes it necessary that the

diameter is recommended. Omlvaniszed, corrosion-resistent level is
the recommended material (stainless steel is not oonsidered neces
sary beocsuse the Lipa City ares does not have a history of corrosiom

is resistant to plugging, permits more effective develormet of the
Aquifer than smy other type, and has a large peroentage of open area,

If the section encountered in any well oonsists of well-greded,
medium to coarse sands or semi-oomsolidated saterials, natural-develop-
ment type of oomstruction (Appendix Figure VII-B-12) is recommsnded,

In places where the section is more varied and contains uniform, fine,
loose materials, gravel pack oonstruction (Appendix Migure VII=B=13)
is recommended,

Production Drilling Program

The first production wells of a drilling program should be
drilled into the upper aquifer at an average spaoing of about two
kilometers. Thus they will be scattered around the distribution
syctem so that no served area is far from a well, If more water
is needed in any area than can be produced by this pattern, wells
should be drilled through the upper aquifer and completsd in the
next deeper major aquifer, with the upper aquifer sealed off,
Successively deeper aquifers may be used in this way to the full
vertical extent of the overall aquifer system.

For the preliminary designs used for further studies in this
report, it has been assumed that approximately 50 per oept of all
future wells will extend only to the shallow aquifers, with a total
depth of 100 m, and that the balance will extend to a total depth
of 200 m, all with a nominal casing diameter of 200 millimeters,
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Swing

Springs ocour whensver an aquifer is intersected by the land
surface or whenever a natural oonduit extends to the land surface
from an aquifer with enough hydraulic head to force the water out.
Springs are common in areas of high water table, either from a
fully saturated section or "perched" as a result of an underlying
impervious bed, where erosion inoises the land surface, Thus they
tend to oocur in gulleys or canyons and on steep slopes,

'I’h"u rate of flow from a spring depends on several factorss
the head of water against which the spring discharges, the local
surface and subsurface obstructions to flow of water at the spring
opening, the transmissivity of the aquifer, and the water table
elevation (or the piezometeric head) within the aquiferes It can be
seen {hat there may be several ways to increase spring flows bty
lowering the discharge level, by pumping or by lowering the surface
level of the discharge channel; by reducing obstructions to flow
at the spring opening through oleaning or develrping the area; or
by installing a well-ecreen intake pipe in the spring opening,
Normally nothing can be done about improving aquifer transmissivity
or about artificially raising the water table except in rare cases
where some form of artificial recharge may be practical. Aoy arti-
ficlal increase in spring flow may be temporary in that the flow
will then tend to regress and eventually stabilize somewhere between
the original flow rate and the initial increased rates.

Alternatively, the rate of flow of a spring (which fluctuates
naturelly with changes in water table result from variations in
recharge) will be reduced hy various -vm-szl) by sllowing the
discharge water level to increase; (2) bty allowing the spring
opening to become dirty or otherwise obetructed; and (3) ty lower-
ing the water table generally. This oan oocur as a result oft
pumping water from wells in the recharge area of the spring (or even
down gradient from the spring), or of artificially reduoing recharge
by diverting water from the recharge area to other uses, or of lower
infiltration in the recharge area because of deforestation.

Specifically in the LCWD area, the springs are of two types,
The springs in the mountainc to the east are supplied Ly the vol=
canio aquifer. These springs currently provide part of the LCWD
water system supply and also provide water to Barrios Nlisay and
Lumbang. Although there might be some reduction of flow in these
mountain springs subsequent to large-soale well development in Lipa
City, the probable effect would be minor because it would result
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The springs to the west, north and south of Lipa City and at
lower elevations are supplied Yy the sedimentary aquifers. In this
0ase, large-soale well development in Lipa City would have a serious
effect om those springs that are fed bty the same aquifers that the
Wlls weuld tap, The wells would interoept the groundwater that now
flows q'on the recharge area to the springs and would reduce or dry
up the spring flows, It 45 not possible from availadle data to
oorrelate aquifers well enough to determine when wells and springs
&re supplied hy a common aquifer, Spring looations are shown in
Pigure VII-1,

Spring water quality is uniformly excellent, except for exoes—
sive iron reported in some analyses,

- N ) .!hililamotulmmth.ﬁmh
of Mmm Hill at 400 to 800 m altituds, These
springs were developed as a LOWD souros. The flows are channeled into
& single pipeline with total discharge of 880 oumd, measured on 16
April 1975, Very little of this supply reaches the poblacion, most
of it being consumed in the intermediate upstream berrios which are
also served hy LCWD,

mi_.ELM. This is & group of five springs on the flanks
of Mount Melepunyo and Mount Dalage at 670 to 700 m altitude, These
springs supply water to Barrio Telisay about threo kilometers to the
wost, The flow was estimated as 85 oumd on 17 April 1975,

o Lumbang Spring is looated on the flank of
Nount &gk at an altitude of about 750 meters, This spring
supplies water to Barrio Lumtang about three kiloweters to the west,
The flow was measured as approximately 670 oumd on 13 March 1975,

Delatvanan Springs. Telatusuvan is a series of mowntain springs
and seeps loocated in Barrio Talisay on the northeast Ilank of Nount
Malepuyo at about 550-m altitnde, This spring ocomplex discharges
to the east. It would be diffioult to use the spring series as a
source for Lipe City because water would be collected from small,
multiple sources and the collected water would have to b» delivered
over a high mountain ridge. The total flow was msasured as about
1,830 oumd on 12 November 1975. '



m Bulalaocao Spring is un undeveloped spring
looat rio tan at about 300-m altitude in a valley on the
esoarpment on the east side of Taal Lake, It is about seven kilo-
meters from the poblacion of Lipa City. The flow was measured as

920 cumd on 6 FMebruary 1976.

18 o Buoal Spring is an undeveloped spring looated
in Barrio Halang at about 75-m altitude, about one kilometer dowm—
stream of Bulalacao Spring in the same valley zear Twal Lake, It
is about eight kilometers from Lipa City poblacion. The flow was
measured as 5,700 ourd on 21 May 1975,

Alulod Spring. Alulod Spring is an undeveloped spring looated
at about 100-m cltitude in Barrio Bulihan, Municipality of Nalvar,
about 11 km northeast of Lipa City poblacion. The measured flow was
4,000 cund on 6 February 1976,

Kay Impierno Springs. This is & group of four small springs
located near the Lipa City Publioc Market at an altituds of about
310 meters. The combined flow was estimated to be 90 ound on
22 Moy 1975.

ita Springs., Thie is group of three small springs at
about 270-m altitude in Berrio Sampaguita about four kilometers
south of Lipa City pobtlacion. The combined flow was estimated to
be about 65 cumd on 23 May 1975.

Sa Spring. This is group of three small spring outlets
at about 2 altitude in Barrio Sampaguite about one kilometer
north of Sampaguite Springs. The combined flow was sstimated to
be about 150 cumd,.

Lipote Springs No, 1 and 2. These springs are loocated in Barrio
Lipote, Municipality of Balete, at about 10-m altitude near the shore
of Taal Lake. They are about 10 lm from Lipa City poblacion, Lipote
Spring Noe. 1 was measured as about 165 cumd and Lipote Spring Noe 2
was cetimated as about 520 cumd, both on 14 November 1975

! of Spr Flows. The measured and estimated fics..
listed herein must be considered only as a tentative guide for -
TeBources analysis because they represent spot messurements and
estimatess Annual minimum flows may be less and, ideally, several
years of monitoring is required to provide reliable data for analysis.
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In general, the long-term potential of springs is easier to
determine than that of wells, The normel prooedure is to install
geging devices on the springs (weirs are usually most convenient
and applicable) and monitor the flow for an »xtended period of time
which should preferably cover & number of wet and dry seasons. It
must extend through at least one complete annual c¢ycle because
spring flow normally will fluotuate with the seasonal rainfall
changes, as the water table fluctuates with the associated recharge.
It should be noted that there will be a time lag in the qyolio
rainfall change, water table change and spring flow change pattern,
Seasonal low flow will not necessarily correspond with low reinfall
but may lag considerably. The spring flow record can be correlated
with the rainfall record for the sameé period and usually extrapolated
on the basis of long-term rainfall record~ to develop a reliable
figure for minimum, maximum and average spring flows.

However, in this instance, & major complicating factor is
introduced. As major development of groundwater hy welle becomes
relatively certain in Lipa City. The aquifer relationships are
such that, eventually this well development will almost certainly
ourtail flow in all springs except the mountain springs, which are
the first two listed in the following table:

Approximate Approximate

Altitude Digohar, Neasurement
Santo Niiio 400 ~ 800 880 Pitot tube
Talatuanan 550 1,830 Float
Buocal 75 5,700 Weir
Bulalaoao 300 920 Weir
Alulod 100 4,000 Weir
Lipote No, 2 10 520 Estimated

Total 13,850

This swmary includes only springs of over 500~oumd oapacity. Any
other large spring: are not believed to exist within an sconomioally
practical distance of Lipa City. Even many of these mprings discussed
would be costiy to incorporate intc the LCWD syatem because of distanoce,
low elevation or intervening terrain. In addition, Alulod and Lipote
Springs are outside the water district and the water rights may not be
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‘availables Rven if not utilised ty the LOWD, aMditionaal groundwater
wells oan be expected to be developed for private use and, henos a

long-term deoline in spring flow in all springs but Santo Nifio and

Telatuanan is anticipated, Springs therafore miy not be a desireble

supplemental souroce for LCWD, .

Monitoring Progrem

A monitoring program for wells must be established 10 provide
data for properly and safely developing the groundwater resourocos.
A monitoring program for springs should also be eatablisbed if there
is any intent to use more rpring water than that currently being
utilisad,

The well monitoring program should include facilities for
measuring sta:ic weter level, mumping water level, rate of pumping,
volume pumped, and pwaping time at each LCHD pusphouse, Periodio
observations should be made of water levels and daily records kept
of pumping. Water samples should be collevted for dacterial analysis
monthly and chemical analysis annually.

The spring monitoring program should inolude oonstruotion of
& pormanent (concrete) measuring weir at each spring oonsidered for
LCWD use. Flow measurements should be made monthly; water saxples
should be collected for bacterial analysis monthly and chemioal
mn'| Yyearly,

M of Groundweter Resouroces

It may te tentatively oconoluded that development of an integretod
woll field to tap the aquifer aystem to the fullest practioal extent
‘1s the preferential method to develop groundwater resources for water
supply to Lipa City. However, this tentative ocnclusion must be
verified ty further studies and additional groundwater data collection,
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C. SURPACE WATER RESOURCES

Lipa City is loocated near tho high poirt of a terrece that
slopes gently from the orest at about 350 m to lower elevations to
the north and south. This terrace drops abruptly to Teal Lake to
the west. Thus, all the local streams originkte in the vicinity of
the study area, There are nsither large streams within an sconomioal
distancs from Lipa City, nor any feasidility surface water storage
aites in the vioinity of the study area. The only surface source
loon.tod’; within a practioa} distance for LCHD water needs is Teal Lake.

Tea) Lake

Teal Lake is about 240 uqgkm in area and ococupies the ocaldere of
an aojive voloano. The total drainage area is about 640 sqim. The
only outflow from the lake is the Pansipit River which dreins to the
southwest through a low portion of the caldere rim. The water surface
of the lake is quite low, less than 10 m above sea level. Tho lake
is very deep, almost 200 m in places, In the lake is & smell island,
Voloano Island, which is the current aotive oone of the voloano. The
last recorded eruption (a minor one) ocourred in Decamber, 1970, accord-
ing to the Comicsion on Voloanology. The lake is about nine kilometers
from Lipas City poblacion at its closest point.

Reoords are available for lake discharges through the Paneipit
River from late 1958 through 1972. The miniwwm daily flow recorded
was 1,460 1ps (126,000 cumd) and the average daily flow for the period
of record was 1,27 million oumd (Appendix Tables VII-O=1 and VIZ=0=2),
Thus, Teal Laks overflow to the sea greatly exceeds LCWD water supply

requirenents,

tor 1jtye Reocent water samples from Taal Lako indioate that
the toial solide and chloride ocontent are both more than twios the
pernissible 1imits set ky the Philippine National Standsrda, as showm
in the following table. However, both these items fall below the
exvessive conoentration limits set YWy the Philippine National Standards.
Other porameters are satisfactory.

Excessive Actual Permissible .

(Phil, Natl. Standsrd) Teal Lake (Phil. Natl, Standard
Total Solids 1,500 mg/1 1,028 ng/1 500 mg/1
Chlorides 600 mg/1 428 mg/1 200 mg/1

Thus Teal Lake water currently is marginal for use and my eventually
require desalinisation, a very costly process. -
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Unfortunately, in addition to being only marginally suitable,
the quality of Twal Lake wmter is suspected of being wstable, Une
varified reports indioating Teal Lake water of low chloride oontent
.about 30 years ago, However, available records from the Commission
on Voloanology for 1967 show a relatively constant chloride
oontent, with minor fluctuations that reflect minor oonocentration
changes over short-time periods or spatial variations in oonocentre~
tion throughout the lake,

: Compigsio Volcanolo, 08 =~
Inte A o eI OKL Saplee. = Jaa] L ey
_, Chlorides Total Solids Chlorides Total 8olid:
1 1

Narch 1967 386 1,016 395 976
Nay . 1967 427 1,085 462 1,084
Juns 1967 427 1,060
July 1967 422 1,022

August 1967 437 1,038
September 1967 437 1,008 447 1,020
October 1967 427 1,019
October 1967 407 1,017
November 1967 437 1,031
January 1968 47 1,039 47 1,053
¥arch 1968 452 1,102 452 1,064
April 1968 462 1,053 467 1,065
Nay 1968 447 1,016

June 1968 462 1,018 472 1,038
Septumber 1968 446 1,031 491 1,038
October 1968 405 1,024
November 1968 422 1,013
January 1969 429 853
Pebruary 1969 424 1,054

During the period from 1967 to 1975, the sulfate content of Teal Lake
water has significantly declined from about 140 mg/1 to about 40 mg/1,
perhaps, indiocating a change in composition of the souroe of the salte,
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To determine the long-teru stability of the level of dissolved
salts i Taal Lake, the following oaloulations have been wmade:

le Cutflow through the Pansipit River averages 464 million
year. This flow removes salts,

2, Bvaporation losses from the lake averege 336 mullion owm/yr
" (1,400 mm yearly evaporation at Barrio Ambuleng)e No salts
. &re removed,

3.,} Total output averages 800 million oun/yr (ignoring infiltre-
tion losses).

4e Rainfall input directly to the lake averages 408 million
: ounfyr (1,700 mm yearly preoipitation at Barrio Ambulong),
No significant salts are added.

5. Inflow from the catchment area of the lake (surface and
subaurfaoeg equals total output (800) minus direct reinfall
input (408) or 392 million cum/year. This flow adds salts,

6o The outflow from the Pansipit River contains about 665 mg/1
of sodium chloride (equivalent to 400 mg/1 chlorides),
removing about 309 million kg of the salt per yeax,

Te The inflow from the catchment area contains about 25 mg/1
of sodium chloride (equivalent to 15 mg/1 chlorides .
adding about 10 million kg of this salt per year,

8. The salt content of Taal Lake has remdined relatively constant
sinoe 1967 despite a deficit of 299 million kg of sodium
ohloride per year between outflow and normal inflowe The
most probable source for this salt is the active volcano in
the lake, This supposition is supported Ly an analysis of
the water in the Taal Volcano crater on Volcano Island
(Table VII-1), which indicstes very high total solids and
chloride content, It is supported by informal reports that
content of lake water before the latest eruption of the
volcano in the mid-1960's had low salt content, implying
that the salts are volcanic in origine In thie case, the
salt content could increase any time as a result of further
volcanio activity,

9¢ It im also possible that the salt deficit is being supplied

from a body of very saline water deep in the lake, Such a
body of saline water oould exist beoause of demsity strati-
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fiocation of this deep laks with abrupt sides and no major
inflowing river. In this case, the salt oontent could
increase any time as a result of disturbance to the water
body by volcanic eruption, earth tremor, or voloanic heat
causing thermal mixing,

10. The salt deficit is not replaced by ocean water because
the Pansipit River flow is always seaward and the river
is too shallow to sustain a reverse direction underflow

j current. :
Sumsiary of Surface Water Resources

. Taal Lake is the only sufficiently large source of surface
water within an economic distance of Lipa City. The volume and
flow rates of Taal Lake are sufficient for all forseeable needs
of Lipa City but its location and the water quality are both
deterrents to its use,

Taal Lake is over 300 m lower than, and 9 kn distant from,
the Lipa City poblacion. This would require a long pipeline and
a high-punping 1ift for LCWD water supply use.

An even greater deterrent to the use of Taal Lake water is
its high chloride content which is not permissible under Philip-
pine National Standards and World Health Organization Standards.
Although water of this quality is allowadble under the Philippine
KRational Standards and the World Health Organization Standards and
is successfully used without significant complaints by numerous
municipal water systems t! -oughout the world, the Taal Lake water
quality is suspected of being unstable and liable to variation.

If Taal Lake were used as a water source for LCWD and the water
quality deteriorated as a result of saline water contamination
from the active volcano in the lake, sither the facilities would
have to be abandoned or desalinization facilities be addeds Thus
any development of Taal Lake for municipal water supply must be
preceded by a thorough study of the source of the dissolved salts
in the lake waters, and a careful and conservative analysis of the
probability of increase of the salts oonoentration.
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De WATER QUALITY OF POTENTIAL SOURCES

Water samples were taken from many of the sources disousged
in this chapter, inoluding both groundwater (from wells and springs
and surface water (Taal Lake) sources, Chemical analyses of these
samples were performed to determire the water quality with respect
to potability and treatment requirements, The results of these
andlyses are j?own in Table VII-l, and are briefly discussed in
this. seotion.d =

: Groghdwater

; Since groundwater, while flowing through a gramilar aquifer,
esgsentially passes through a filtration process (such as in the
LCWD area), and is gensrally not exposed to surface pollution,
color, turbidity or suspended solids are usually not present,

For this reason, unless other deleterious substances (such as ex~
cessive hardness, dissolved gases or dissolved iron) are pregent,
treatment other than disinfection ig generally not required,

Wells, The water quality analysis results for existing LCWD
wells are presented in Table VI-5, and additional data for other
wells in the Lipa City area ere presented in Table VII-1, The
results indicate the presence of high oolor, turbidity and iron
concentrations in some of the samples, The presence of high iron
concentrations is not common and is not reported to be a problem
in the area, However, it is suspected that “he ocourrence of high
color and turbidity concentrations in some samples collected may
result from the precipitation of dissolved iron within the sample,
after oollection but before analysis,

Springs, The water quality analysis results for existing
ICWD springs are presented in Table IV-5, and additional data for
other springs in the Lipa City area are presented in Table VII-1,
The quality of water from springs is generally very good with
occasional minor ocourrences of high concentrations of color,
turbidity, iron and manganese, As previously mentioned there are
no recorded complaints with respect to thesge parameters,

l/for evaluation of water quality test results, two sets of
limits have been established by the Philippine National and ¥orld
Health Organization Standards; (1) The 1imit designated as "perw
missible"” or "agoeptable" a plies. to water that generally would be

acceptable to consumers; (2 Values greater than "muxium allowable"

or "excessive" would markedly impair the potability of the water,
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m Water

Taal Lake. 4An extensive discussion of the quality aspects
of the waters of Taal Lake is presented in previous seotions of
this chapter, The results of chemical analysis of several samples
oollected are presented in Table VII-l. As praviously stated, the
high concentrations of chlorides and turbidity exceed the permis-
sible limits set by the Philippine National Standardy, In addition,
the chemical quality of this water may be unstable due to the nature
of the probable (voloanio) source of the polluting mineralse

f
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TABLE VII-1

WATER QUALITY TRST RRSULTS
TIPA CITY WATER DISTRICT

Permissi Drilled Mrilled Drilled
Limit Woll~ San W11 Well
' Luoas Pulaonin  Pinagkawitan

—_— (G20-75) (5:21-75) _(5R375)

A. mouﬁnum WELLS

PHYSICAL
Color (unit) 15 40 10 10
Taste " 3.0
Odor "
M‘bidity " 5eC 805 2.0 140
Solids
8e Total (mg/1) 500 263 in 285
be Suspended " nil 45 2.0
CHEMICAL
pH 7=8.5 Te3 6.8 740
Alkalinity
a, Total (mg/1 as Caco3) 150 128 136
be Fhenolphthalein " 0 0 0
Total Hardness " 120 205 126
Caloium (mg/1) 75 17.8 28,6 16.6
Kagnegium " 50 10.6 19.8 11,0
Iron " 0e3 1190 0,125 0.055
Fluoride " 1, 5 0032 0.22 0033
Chloride " 200 10 60 24
Sulfate (mg/1) 200 4ed 30.9 10.4
Nitrate "
mne” " Qel 00052 04006 O.WS
Copper " 1,0 0.011 0,003 04002
Zinc " 5¢0 0.600 0.400 00352

&, Philippine National Standards

Underlined results indicate excess quantities over maximm:
allowable limits as defined in the standards.



Alkalinity
as Total

MBLE VII~1 (Contimmed)
WATER QUALITY TEST RESULT3

(u:it)

(/1)

(mg/1 Ca004)

be FPhenolphthalein *

Total Hardness

Caloium
Magnesium
Iron

Fluoride
Chloride

Sulfate
Nitrate
MNanganese
Copper
Zine

(/1)

(me/1)

Drilled Well Drilled Well Mauocet Pauost
Re Tolen~ R, Pesas's

Plaridel Pinagtun=
Elenentary sulan
Sohool
(G23-15)  (5-21-75)
10 10
13,0 2,0
275 2y
2.0 nil
136 118
0 0
110 116
12.4 14.8
95 96
0e450 0,128
0632 0.19
12 16
9.9 30,9
0,018 nil
0.027 afl
1,350 0,012
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tino's House
Chicken :
e
{5-22-75) (5-22-75)
30 10
10,0 1.0
241 149
9 3
144 60
-0 0
. 116 ' 82
C 14e2 Te4
8e2 442
0,045 06368
0.24 0.01
10 20
6ol 1042
0,002 0,002
0,006 0,003
1,55 - 0_&010



Teal
Voloano
Crator
B. SURMACE WATERs TAAL LAXE
EXSICAL
Color (unit) ?3_
Taste " Balty
Odor "
Turbidity " 11
Solids
ae Total (mg/1) 6,2%-»
'b: Suspended "
CHEMICAL
pH 24
Alkalinity
ao .Total (me/1 Caco3)
be FPhenolphthalein "
Total Hardness " 1,708
Caloium (mg/1)
Nagnesium " 1
iron n &
Fluoride "
Chloride " nxéa%uigh
Sulfate (me/1) 58496
Nitrate " 0.06
Mangenese n
Copper " %367
Zino v

MELE VII-1 (Comtinued)

WTER QUALITY TEST RESULTS

Teal Lake
Lips River
Delta

1

3
Tagteless
Odorless

5

1,032

8¢5

168
28

212

32
32,08
nil
nil
42944

53.60
0.9
nil
nil

Teal Lake

 Nunioipality

of Balete

10

4.0

1,026
21

9.0

36.6
38,6
0.875
0463
426

31.0
06005

0,003
0,012

Underlined results indicate excees quantities over maximum
allowadble limits as defined in the Standards,



C.

nnu' VII~1 (Comtinued)
WATER QUALITY TEST HESULTS

Alulod Lipote
Spring Spring
(11-20-75) (11-14-715)
GROUNDHATER: SPRINGS
Color (wit) 0 )
Taste "
* Odor "
Turbidity " 0 0
Solids
a. Total (mg/1) 234 36
~ be Suspended " 0 0
CHEMICAL
pH 8.30
Allinity
8c Total  (mg/1 CaC0;) 188 274
be Fhenolphthalein * o
Total Hardness " 144 220
Calcium (mg/1) 35,20 5942
Magnesium " 13,61 17.50
Iron " 2:5 0018
Fluoride " 056 nil
Chloride " 10 14,03
Sulfate (me/1) 10,05 18,75
Nitrate " 0,01 nil
Nanganese " 025 il
Copper " 0,19 nil
&ino "

Talatuanan Bulalaoso

Spring Spring
11=12-75) (4~15-75))
c 10
i 1.0
65 287
10 1
Te6
58 148
0 0
60 52
12,8 27.0
8.80 8.5
ﬁﬂi 0,01
0e31
640 10
4.63 24,0
nil
nil nil
nil ail
0,005

Underlined results indicate excess quantities over mim
allowable limi*s as defined in the 3tandards,
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TELE VII-1 (Continued)
WATIR QUALITY TEST RESULTS

Sabang Buoal Infierno Infierno
Sm'inc Spring  Spring II, Spring II,
.133.—111__ =21~75) (5-2275) (5-22-75)
Golor (mit) 10 10 10 10
Taste "
Odor: =~ "
Turbidity " 3.5 1,0 3.5 2.0
80l4ds
a, Total (/1) 348 290 252 234
be Suspended " 5 7 3 9
CHBOCAL
pH T2 Teb6 6.9 7.0
Alkalinity
8s Total (mg/1 Cac0,) 112 198 126 120
be Phenolphthalein * 0 0o 0
Total Hardness " 100 136 105 9.8
Caloium (mg/1) 13,2 2047 13.4 1344
Magnesium " 8.8 13,2 8.2 . 82 .
Iren " 0.045 0,232 0,020 . 0,515
Fluoride " 0.14 0425 0.13 0.13
Chlor_de " _8 12 c12 18
Sulfate (me/1) 1440 1345 8.8 8.2
Nitrate "
Nanganese " 0,002 0,001 0,005 0,011
Copper " 0,002 nil 0,032 0,002
z;lno " 0,002 0,010 1.350 0,020
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TABRLE VII-1 (Comtimued)
WATER QULITT TEST RESULTS

(unit)
Teste n
Oder - "
Turbidity "
8olids
8. Total (mg/1)
be Suspended "

CHBOCAL

pH
Alkalinity .
as Total (mg/1 CacOy)
be Fhenolphthalein *
Total Hardness "
Caloium (mg/1)
Magnesiun "
Irm "
Fluoride "
Chloxide "
Sulfate (mg/1)
Nitrate "
Kangenesge "
Copper »
Zinoc n

Vil -

Infierno
Spring II,

Cr2-15)
10

0e5

230
nil

607

100

1344
8.0
0,025

0,11

Iy
060005

nil
06005

27



WELE VII-1 (Oomtinued)
WATER QUALITY TEST RESULYS

Lontoo
School Lipa City
—2ApeT6
ng&
| Color (wmit) 0
i Teste "
Odor "
Turbidity " 0
Solids
a. TS (mg/1) 179
be Suspended "
CHEXICAL
pE 6e7
Alkalinity (1]
%o Total (me/1 as Caco,) 125
be Fhenolphthalein " i (o}
Total Hardness " 125
Caloium (mg/1) 66
Magnesium " 59
Iron " 0,06
Fluoride " (1]
Chloride " 21
Sulfate (mg/1) 13
Nitrate " 175
Fangenese " 2
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CHAPTER VIII ANALYSIS AND EVALUATION OF ALTERNATIVES
A. GENERAL

This ohapter identifies and evaluates the alternatives avail-
able for source development, transuission and treatment faoilities
and distribution system. Other water conservation and augmentation
alternatives are also included,

Lipa City, because of its topographioal locaticn, Las limited
groundwater sources and no economically feasible surface water re-
sources. Therefore, LCWD would have to exploit its groundwater
sourges to the maximum exte~t possible and them consider surfage
water ‘sources (Tasl Lake) as a last resort in the future, All of .
the proposed source developzent alternatives include pumpage for
water transmission. The water transmission alternatives which are
related to source alternatives have been analyzed for pipeline
routes and sizes for a satisfactory hydraulio performance and eco-
' noMye Furthermore an economic study has been carried out for op~
timizing pipe sizes against pumping costs. Water treatment alter-
natives include disinfection for sprinzs and well supplies, and
complete treatment for the Taal Lake supply, Distribution system
alternatives inolude various considerations such as defining the
number of pressure zones; storage tenk sizes and locations; and
details concerning feeder mains and internal network,

B. WATER SUPPLY SOURCE ALTERNATIVES

Surface Water Sources

The study area is located in a highland terrace from where
most of the local streams originate. No major surface water
souroe, except Taal Lake, is within an ecomnomical distance from
the study area. Taal Lake is a voloanic lake with a drainage
area of about 640 sqkm. Outflow from the lake has been measured
at the Panoipit River which is the enly outlet of the lake., The
recorded minimum discharge from the laks is 1.5 ocua/seo (130,000
cumd)e Tais is much greater than the projected maximum daily
demend (24,500 cumd) for JZHD in the year 2000, 7The lake has an
anple eiorage capacity as far as the nunicipel water supply is
conoerneds However, eoononio/ﬁnancial foasibility of a water
supply scheme of Taal Lake for LCYD is doubtful for the following
reasonss

l. The water surface elevation in the lake (aboub five
meters) is quite low in cemparison to the Lipa service
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area (300-360 m). Therefore water from the lake wenld
have to be pumped to a high head of about 375-400 meters,
In addition, a pipeline of about 12 km would have to be
oonstructed to convey ths water to the servioce area.

2. The salinity (chloride oontent) of the lake water, deter—
wined from the two samples analysed, is at & oritical
stage for domestio usage, As explained in Chapter VII,
it is believed that the salinity of the lake water is

; adversely affected by the looal volcanio eruptions. Thse

| lake water quality is expeoted to deteriorate fuarther,

. following future sruptions. At that time trestment for
brackish water wonld be required and might render Taal
Lake water economically unattractive as a water souroe
for LCWD,

Groundwater Well Sources

A signifiocant portion of the present municipal and private
~water supply is obtained from groundwater wells., Available field
data indioate that the study area is underlain by mnltiple sepa~
rate aquifers. Because of the general topography and soil struo—
ture of the arca, these aquifers have a limited recharge capacity.
Therefore, allowable limits for groundwater drawdown would be am
important fortor in well design and spacing. The preliminary kydro-
geologiocal studien show that for each separate aquifer, wells with
& production rate of about 1,300 to 2,000 cund may be foasidle at
& spacing of two kilometers. Howaver, evaluation of field test
data from ths new and future production wells would be essential
to verify the design basis of a long-term well construotion pro=-

STale

Quality of well water in the study area is generally good,
exoept that the iron content of somo wells is marginally higher
than accepted standards,

Groundwater Spring Sources

Eloven springs have been identified within a 10 km radius
from tae center of the city of Lipa., The spring flows have been
measured and water samples have been taken during the field studies
for quality analysis (see Chapter VII), The measured flows of
these springs varied from 65 to about 7,000 cumd. The eastern
springs (Santo Nifio, Talisay, Lumbang and Talatuanan) originate at
relatively high altitudes (400 to 800 m)s The others at lower
altitudes are located mur:h of (Almlod, Ksy Impiernc amd Lipote
Springs), south of (Sabang and Sampagnita Springs) and west (Bula-



lacso and Bukal Sprimgs) of lips City. Seven of theso spring
groups have been eliminated from further studies for the follow

ing reasons:

, Flows of the Talicay Spring (85 oumd) and Lumbang
Spring (670 cumd) are consumed locally by the barrios of
Talisay and Lumbang, respeotively. The Talatuanan spring
group which hes a meacured flow of 1,800 cumd, is located
on the eastorn side of Nount Nalepunyo, Development of
this spring for Lipa does mot appear to be econocmical
beocause either a pmaping facility or a twmel would be
required to convey water aoross the mountain ridge,

The Kay Impierno, Sampaguita and Sabang spring ups
are too emall to comsider. The lipote Springs (estimated
at 700 cumd) are located in the municipality of Balete

. about 10 km from Lipa City, at an altitude of 10 meters.
The puspage and transmission line cost may make it wneoco-
nomiocal for development of this spring, Watar rights
may also be a problea,

The remaining Santo Nifio, Bukal, Bulalacao and Alulod Springs
are included in the alternative source studies. The Santo Kiio
spring group presently supplies the oastern sections of the LOWD
system by gravity, Its measured discharge is about 800 cumd., The
Alulod Spring is preseutly undeveloped but looated in the mumioi-
pality of Nalvar, Therefore, water rights for this spring will
require further clarification. The Bulalacao and Bukal Springs
are the closest springs to the study area. The appreximate dis-
tances from Lipe City, altitudes and measured flows of the proposed
spring sournes are given as follows:

d1titvde Disocharge Date of
Spring Location (m) (oumd ) Neasurement

Bulalacao 7 km west '
of Lipa 300 950  Nay 21, 1975
920 Peb. 6, 1976

Bukal 8 km west
of Lipa j) 6,700 Oct. 27, 1975
1,760 Nov, 21, 1978
7,310 ®eb. 6, 1976

Alulod 11 km north
of Lipa 100 6,750  Nov. 20, 1975
. (evtimated Wy
fioat method)
4'“ hho 6' 1916
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I¢ a large-scalc well souros develepment is feund to be the
recommended scheme for Lips City, recharge of these potemtial
spring sources may be affected significantly since the wells and
springs derive their souros from the same recharge mechamism.,
~ This fact will have to be taken into sccount in the altermative
source analysis. Also, for the same reason, oontimueus momitor—
ing of the groundw:ter well and spring sources becemes vory im-
portant for overall future managemsent of the available water
Tesouroces,

;’ C. PROFOSED SOURCE, TRAWNSNISSION

' ARD TREATREN® ALTERNATIVES

2!&'3&. '
' Evaluation of the alternctive sohemes is based on the followe
ing asswptions:

le Water source development schedwles would be im acoordance
with the projected maximum dally demands, with additional
flows required during the peak hourly demsands to be ob-
tained from the distribution storags fanilities.

2s Due to the lack of long~term records; safe yields of the
springs would be taken as 75 per oent of the flows mea-
sured during the field studies,

3. Kxisting faoilities would be incorporated in the future
system to the maximum extent possible. Among these, the
Santo Nifio Spring swpply and the Lipa market well would _
be maintained after rehabilitatiom, A total supply of
about 2,000 curd would be available from these sources,

4. Cost comparison of the alternative schemes would include
dource development, transmission and treatment facilities,

5S¢ Depending upon the alternative being analysed, the study
area tould be divided into conveamient pressure sonmes for
hydraulioc and practical reasons,

Three basio alternative sohemes hevs beoen eatablished for dotailed
studies:

Alternative 1t sesd on davwidsiawat of the groundwater well
sour¢ss oxly ahd elated transmission, treste
ment an’ dialriliition feeder main wystens;



Alternative 2: Based on development of the spring sources
(an that no new wells weuld be oen-
structed) amd related transmission, treat-
aent and distribution feeder main systems;
and development of a supply scheme of
Taal Laks at a later stage. :

Alternative 3: Based on development of the Taal Lake source
_ only, with related transmission, treatment
| and distribution feedsr main systems,

/
Water ‘source development schedule, with respect to above altur=
ut!.vpu, is prusented in Table VIII-1,

TABLE VIII-l
ALTERNATIVE SOURCE IEVELOPMENT SCEEDULE

. Alternative Source Construotion Cumulative Year Nomber of
| _Scheme  Development __FPeriod _ Supply (cwed}V Angmented Pressurs Zones
1 Existing 2,000 3
Wells-Stage 1  1978-80 15,000 1980
Wells~Stage 2 1988-90 24,500 1990
2 Bristing 2,000 2
Bulalacao and
Bukal Springs 1978-80 7,70&/ 1980
Alulod Spring 1981-83 1o,7ooy 1983
Taal Lake 1984-86 24,500 1986
3 Existing 2,000 2
Taal Lake - .
Stage 1 1978-80 15,000 1980
Taal Lake -
Stage 2 1988-90 24,500 1990

-V Based.on the projeoted maxiawm daily demands

/e spring ylelds are based on T5 por oext of the field measured
flows (see Chapter VII), °
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Altezetive 1

Fer this alternative, it is assumed that all of the future
requirements of LCWD (to the year 2000) would be derived from -
groundvater vells,

To date, the hydrogeologioal studies indicate the following
design parameters for each operational well:

} Design Yield 1,300 cumd
/ Casing Diameter 200 mm
' Minimm Spaoing 2 kn

. The maximm~day requirements, including the minirum mmber
of wells required in 1990 and 2000, are as follows:
192 2000

Total maximum day demand, oumd 15,000 . 24,500

Flow from existing facilities,
ound 2,000 2,000

Flow required from new wells, eumd 13,000 22,500
Ninioum mpber of operational

Wells required 10 18
Stand-by wells One eanh for One each for
Pressure Zones Pressure Zones
1 and 2 1, 2 and 3
Ninimum rmmber of wells required 12 21

For Alternative I, the water distribution service ares has
been divided into three pressure sones with the following ground
and hydreulio grede line elevations:

Naximnm Jtorege Tank
Oround Rydreulio Graede Overfiow
Pressure Elgvation Line Elevation Elevation
~me . (m) (
1 up to 320 346 340
320 - 345 366 365
3 345 - 365 387 385 '
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Dorp Wsll rumps serving any one of the pressure sones would be
selected t0 have adequate pumping head for that particular somec
Therefors, booster stations are not required in this alternative.

Based on the topogrephky, pressure sone layout and marimm-day
damnd, a total of 11 operational wells would be required during
the oonstruotion Stage I (1978-90). Six of these wells would pene-
trate into the first aguifer (about 100 m deep) and the remsining
£ive wells would tap the second aquifer (about 200 m deap)s One
additional well would be provided as stand-by for each of the Pres
sure Zones 1 and 2,

even additional operational wells would be constructed during
the opnetruction Stage II (1990-2000), three extenmding to the first
aquifer axd four to the second quifer. One additiomal unit would
be provided as a stand~by for the third prassure sonse.

' The wells penetrating inic any one of the two aquilers have to
be speced a minimom of two kilometers.

" The well water would require chlorination bafore delivery to
_ the distritution sywtem.

fransmission line siges are ocomputed for the pesak hourly
decands and tank filling oonditions, in acoordance with project
design criteria. {Appendix 4, (olume IX.)

The proposed trensmission lines from ths wells axd the storege
tanks would be stagzed in acoordamce with the incressing demands in
tha designated pressure zones aud the well oonstructicn schednle.

A schematis layout of the facilities involved in this alternative i
shovn in Pigure VIII.{i,

Altgnstive 2

In this alternative the Bulalaoso ant Bukal Springs would be
developed first (1978-80). Development of the Alulod Spring womld
follow shortiy so that it would be in servios by 1963, Source
development facilities basioally would inolude a ocllsction chamber
axd an appropriate pump station at each of the springs. Pirst,
water from the Bukal and Bulalasao Springs would be pumped intc a
source storage tank near Berrio Pinagtongulan, and then conveyed
into the distribution system through a single pipeline from the
west. The Alulod spring water would be pumped to the service area
through & relatively long transmission line frox the north. Both
supply lines would be oonnected to a distribution storage tank looatsd
near Barrio Tibig (Migure VIII-2). To mest the projected desands
(Piguare VII1.3)) additional supplies would have to be made available
from Teal Lake about 1986. The Teal lake acheme would’include an
iztake structure; a two-stage rev water pumpage and treamsmission
facilities; water treatment plant; treated water pipeliness and
storage facilities (Pigure mr..as.
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The spring water would only be treated using disimfection Wy
chlerimation; btut the water fzrom Taal Lake wonld require oe~"._¢e
trestaent,

Simve the source transmission limes from all of the adove-
mentioned sources would have to cross a high ridge (extending from
the west to the morth of Lips, at elevation 360-365 a) to convey the
water to the service area, limits of the first pressure sons womld
inoluds arcss up to the 345 m ground elevation, In contrsst to
the three pressure gones required in Alternative 1, Aternative 2
would require only two pressure somes for its distribution system,
Service to the second pressure sone would be provided threugh a
. booster station located near the Fernando Air Base and would serve
areas avovs elevation 345 meters.

Alte tive

Develormen’ of the Taal Lake sourve wculd be oonsifered iz
this alternative for the present and future water needs of the
iCiDe A rew water intake and pmmp station wonld be oconstructed
near Barrio latag. Because of a relatively higk lift (about 400 m)
requirement, the raw water pmepege faoilities would be oonstruoted
in two siages, The pumped water would be given ocnventional treat—
ment at u plant looated near Barrio Bagengpook,

For this alternative, there would bs two pressurs sones in
the distribution system for the same reasons explained previcusly
under Alternative 2, The first pressure some (covering the osntral
area up to elevation 345 m) would be served directly from the treat-
ment plant, The nmecomd pressure sone, which oovers the remaining part
of the service srea, would be served through s booster pamp station
located near the Fernando Air Base. :

A genersl layout of the proposed fasilities with the raw and
treated water transmisasion lines and storage tanks is shown sohe-
satioally in Pigure VIII-4, Construction of these fuoilitiea wonld
be :é:ggenented in two major stages: Stage 1, during the period
197 } Stage 2, during the period 1988-90,

Analysis of Alternatives

Criteria. The analysis and the evaluation of alternatives
which are presented herein, are based largely on econceio presext
worth ocost studies. However, selection of the recommended plan
By be influenced by non-eocnomic parameters especially . if the
"best™ and "seoond best” alternatives fall within the limit of
cost estimating socuraqy.
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It is ascumed that the engineerirs design of the imitial works
would start in 1977 and that the oonsiruction phase would be oom=
Pleted in 1980, Construction cost estimates of the proposed im-
provements are based on the rrojected July 1976 unit prices. 4ll
estimates on imported items are based on an exchange rate of seven
pesos to one U3 dollar, It is assumed that no oustoms duty would
be charged on items imported for this publioc water supply project.

Total project cost includes construstion cost, engineering and
oontingencies, land cost and administrative and legal fees. The
present worth of capital ocosts is caloulated backward from the mide
point of oconstruction period to 1976 at & disoount rate of 12 per
cont,’

Annual costs include labor, pover, chemical and maintenance
costs, where applicable, ‘Thess estimatea are carried out for the
period from 1980 to the year 2000. The prement worth cost of annual
expénditures is based on uniform and gradient series (where appii=-
cable) at a 12 per cent interest rate. The cost of any facility to
be replaced during the design poriod (1977-2000) is inoluded under
the oupiial costs for that yuar,

During the period of :ne economic analysis, no escalation
fastor is applied to July 1976 unit prices as it is asswmed that
all ths alternative schemes would be affeoted in approximately
the same proportion.

Eoonomic comparison of the alternative schemes is based on
present worth of ne% disbursements during the period of 19772000,
Por oomparative purposes, annual maintenance costs are estimated
ag & perosntage of conmtruction coste of the facilitles; for struo=
tures and pipelinee, 0.5 per cent; and for equipment, suck as pmps
and motors, two per cant of the estimated construction cost is used,

Personnel and maintenance costs #ay inorease abruptly as addie
tional faocilities are put into operation. The power oost at a pump
station and chemical costs at a treatment plant will inorease
gradually in direct proportion to the daily pumpage of water,

The salvage values of facilitiesat the end of the design
period are important in caloulating net present worth of the total
expenditures, It is assumed that & facility depreciates linearly
throughout its servioe 1ifed/. Therefore, a facility with longer

&/Service 1ife of factlitiess

a) Struoctures and pipulines 50 years
b) MNechanical equipment t 25 years
o) Lland ¢ infinite
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sorvioe 1ife will depreciate less than a facility with shorter
service life during the same study period, Also, a facility ocom~
struoted at a later stage will Lave a higher salvage value than &
similar ons oonstruoted at an eariier date,

The difference between the total present worth of oapital
cost and annual expenditures arnd the present worth of salvage
values, yields the net present worth oost of the alternative
scheme,

ent Worth Cost Com son., The net present worth costs
of the source, iransmission and treatment faoilities for the three
alternatives are shown in Table VIII-2, with construction periods,
capital and annual costs and salvage values in the Year 2000, As
can be seen in this table, tba total net present worth ocost of
Alternative 1 is P27.37 million less than Alternative 2 and 29,65
million less than Alternative 3. The estimated net present worth
unit oost of water produced (excluding distribution systes piping
costs) in each alternative is also computed and the results are
&3 followa:

Net Present Worth

Alternative Cost Nater Produotion 'mit Cost
(P X 1000! (g! b 4 1000} per cum {P}
1 10,679 14,536 0.73
2 38,049 ' 14,536 2.62
3 40,330 14,536 2,78
Qnolns;gu

Alternative 1, on the basis of eoconomic present worth analysis,
is the preferred and recommended alternative. Its eoonomio advan-
tages are as follows:

&¢ least in initial capital requirements,

be least in annual operating and maintenance coste,

%« least in foreign exohange requirements,

4, least in power (or energy) requirements,

Alternatives 2 and 3 depend heavily upon Taal Lake as a future
souroe of water supply. The unoertainty about what might hazpen to
the solids oontent or salinity of Taal Lake water in the future is

a real problem, At this time, it is not possidble %o po"tnhto or
even gusse the future salinity oontent without a ooaprehensive study
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T = IIIA

Constructisy  Projeot Cost (P - 1000)  Ammeal Cost (' .r;'"iooo)
Cost ‘
Aligrnative  Stage (P x 1000) local

1 1

Deep Wells 2

Total

2 1
Springs and

Taal Lake 2

" fotal

3 1

Taal Lake 2

Total

TABLE VIIT-2
COST COMPARISON OF ALTERFATIVES

Sax

G Towl 1%0 10w  zom0 (5n o)
11,283 8,200 6,651 14,852 260 909 909 7,431
T4249 5,578 3,946 9:524 - - 215 6,176
18,532 13,779 10,597 24,376 260 909 1,124 13,607
54,487 38,447 33,002 71,449 402 1,724 1,724 33,759
3,099 1,932 2,121 4,063 - - 791 2,436
57,586 40,379 35,123 75,502 402 1,724 2,515 36,195
32,460 24,850 17,8710 42,720 962 1,646 1,817 16,700
16,600 10,540 11,120 21,660 - 1151 m 12,800
43,050 28,990 64,380 962 1,817 2,588 29,500

35,390

Total Presest

vage
Valwe in Worth of Fet

Disbursements

8,225
2,454

10,679
34,921

3,128

R

38,049

33,748
6,582

40,330



of Taal lake and its voicano. If the solids content inoreases in
time, brackish wator treatment msy be required, This would cause
the unit cost of water to increase up to about P5,20/oum or more,
excluding distribution system costs.

On the other hand, Alternative 1 depends prixarily on the
groundwater potential of the study arsa, Its asconomio advantages
are obvious from the above analyses. Therefore, it is mmmdatory
that produotion wells ve carefully monitored on a continuous basis
and adequate funds be incorporated in the LCWD operation and maine
tenande budget for such purpose (refer to Chapter VII).

Water Treatment Alternatives

Water quality test results of the various sources, which are
available in the study area, are shown in Table VII-1. *

Hater from the springs and deep wells, if designed and oon
struoted with proper safeguards, would not require any treatment.
However, in order to preserve the good quality of water throughout
the distribution system, disinfection of water would be nsoessary
at these sourcvs. Disinfection may be accomplished with various
methods which are disoussed in Appendix VIII-C, Volume II, Mor
economio and practiocal reasons (ready availability of the equip=
ment, easy supply and application and long lasting effectivensss),
ohlorination is the recommended process for disinfection,

Water from Taal Lake would require a oomplete treatment before
delivery to the consumers. Complete treatment would include the
following processes: ocoagulaticn with chemicals; flocoulationj
sedimentation; filtration; taste and oder oontrol; and disinfection.
Alternatives related to these processss are discussed in Appendix A,
Yolume II, )

As stated previously, if the lake water salinity deteriorates
further in the fuiure, the water may become brsokish to a degree
that it can no longer be acoeptable for municipal (potable) use,

At that time brackish water conversion with one of the ourrent
methods (presently, electrodialysis, rewerse ossosis or ion exchange)
would be necessary,

D. DISTRIBUTION ALTERNATIVES

General

A genera) desoription of the domponents of the Aistribution
system and the alternatives pertinent to each component is presented
in Appendix VIII-D, A more specific discussion is presented in this
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section ooncerning pressure gons alternatives, distribution mains,
storage facilities, system operation, and the internal metwork
system, in relation to the reconmended sources, transaission and
treatment alternative, Alternative S-7T-],

The design of the components of the distribution system is
based sa various flow oonditions - peak-hour flow, maximum daily
flow, and fire flows = or pressurs requirements for the flow condi-
tions, The peak-hour and maximum daily flows for the LCWD are
listed in Table VI-8,

Pressure Zone Designation

The variation in ground elevation within the future service
area of the LOWD is oconsiderable., The lowest elevation is 240 m
in Barrio Antivolo south of lLipe City and the highest elevation
is 365 m in Barrio Pinagtongulan west of lipa City. It is not
practical to sexrve an area with suoh a wide range in ground eleva~
tion from one pressure zons., Static water preasure which would
be suitable for convessionaires at a ground elevation of 365 m
would be excessive for conoessionaires at a ground elevation of
240 meters, Also, as the LCWD service area expands, the range of
ground elevation inoreases, making it more diffioult to provide
servioe from one pressure Loné,

In order to establish the seleotion of pressure zones for
future services the following factors were oonsidered:

Statioc Water Pres o In order to protect the water
fixtures in the homes of concessionaires, a statio water level
of no more than 70 m is permitted,

Growth of the System. The designation of pressure sones

should conform to the growth of the water distriot,

Well Spacing. The well spacing should dbe seleoted to mini-
mize drawdown and provide adequate servioce area coverage.

Storage Tank looation. EKach pressure sone must have suffioient
distribution storago in order to satisfy peak-hour supply re-
quirements, The highest ground elevation for each pressure
sone should permit selection of a suitadble site for location
of storage, Storage located at ground level is preferadle to
elevated storage, for practical and economical reason.
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o If possible the location of water sources within
pressure sones should permit each pressure some to0 be served
without water transfer from other presgure sones to eliminate
enexrgy waste,

Total Number of Pressure Zones. In ordar to simplify systeam
-operation and maintenance, it is desirable to minimise the
total number of pressure zones,

To ald in the determination of the pressure sones, the future
water demands were allocated throughout the water district to ground
elevation intervals of 20 meters, The projected average daily demands
are listed below:

1990 2000
Ground Projected Percentage Projected Peroentage
Elevation Demand of Total Demand of Total
{ouma)
240-260 250 2 400 2
260-280 300 2.5 500 2.4
280-300 2,290 18 2,800 7]
300320 4,430 36 6,650 32
320-3404/ 3,370 217 5,270 26
340-360 0 o 1,550 7.6
360 1,800 1445 3,280 16
12,500 100 20,450  100,0

From the figures listed above, it can be sesn that 54 per oent
of the 1990 demand and 46 per cent of the year 2000 demand are pro-
jeoted to be in the interval of 280 4o 320 meiers. The present
storage fzoility in the LCWD has an overflow elevation of 340 m and
can serve up t¢ a ground elevation of 320 meters., Thus, a convenient
prossure zone based on the area of highest demand and the present
storage tank would be tetween ground elevations 280 m and 320 m with
an HOL at 340 meters.

y Includes a small area at 345 meters,
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The area above ground elavation 320 m can be served hy one -
pressure sone with an HGL of 385 mj or by a ooabination of two
pressurs sones, ons with an HOL of 365 m, to smerve areas from 320
to 345 n, and another with an HGL of 385 m, to serve areas above
345 meters, The single pressure sone would mot be economical be—
csuse, a5 shown in the previous table, 65 per cent of the 1990
demand and 52 per cent of the year 2000 demand in this area would
have to be pumped 20 m higher than necessary. Therefore, those
areas highar than 320 m should be served by two pressurs zonese

The remaining areas to be oonsidered are those at ground eleva~
tions less than 280 meters. The service area of the firat pressure
sone can be extended to the ground elevation 270 m, without exoeed-
ing the allowable maximum pressure, The total estimated demand in
the area between elevation 240 m and 270 m is approximately 400 owmd
in 1990 and 650 cund in year 2000, which are relatively very small,
Therefore, this area is recommended to be served from the firet proge
sure zone through a pressure-reducing valve to eliminate excessive
statioc pressures.

In swmmary three pressure zones are recomsended, The ground
elevations, HGLe and projected demand requirements are listed in
Table VIII-3. The pressure zones are shown in Figure VIII-5, Also
shown in this figure are the looations of fature distribution sto=
rage gites and deep wells. The recommendsd pressure zones pormit
the location of one ground shorage tank in euch sone, Also, ade-
quate spacing of deep wells can be maintained, The groundwater
supply for eanh prescure zone can be developed within the distribu=
tion system of the pressure zone, minimising transmiseion piping
and HOL fluoctuation,

TABLE VIII=3
RECOMMENTED PRESSURE ZORES

Pro,jjootod Average

Pressure Zone Ground Approximate
Fupber Elevations (p) HOL (m) = 1990 2000
1 240-320/ M0 7,330 10,350
2 320~345 365 3,370 5,270
3 340-365 385 1,800 4,830

12,500 20,450

ﬁdround elevation below 270 m must be served through a
pressure-reducing valve,

VIII - 15



Distribution Nains

As disoussed in Appendix VIYI-D, the minimum sise for distridbue
tion sains is generally 200 ma and, under some nirouwmstances, 150
nillimeters, Sinoce these #-°e minimum acoeptadble sises, it is aot
recommended that these sizes be staged., Except in densely populated
areas of the oore oity, distridution mains have been staged by recom=
mending the installation of two parallel mairs with an equivalent
o&mﬁty that would satiafy the year 2000 design requirerents,

The loocation of the future distribution mains has been planned
along existing or proposed street rights-of-way. Distribution main
spacing has been maintained at approximately 1,000 m intervals. %o
avoid dead-ends in the system, the distribution main network has
been looped as much as possible.

Storage Facilities

For the LCWD, distribution storage volume of about 15 per cent
of maximum daily demand would be required to meet the excess water
desands during peak-hour periods. However, for those distribution
systems which obtain the major portion of th; water supply from
deep welle, as in this case, the percentage can be reduced. The
reasons for this are: first, in the propowed system ihere are
stand-by wells which can be used to supplement supply during peak-
hour periods; and second, the required puaping heads would deorease
at peak-bour thereby inoreasing the supply from an individua) well,
Therefore, the required storage volume was reduced from 15 per oent
of the maximum daily demand to 12 per cent for the LCWD aystem.
Baged on this, the required storage for each pressure sone is listed
below for design years 1990 and 2000,

d Volume (cum

Presgure Zone 1990 2
1 1,000 1,500
2 500 800
3 300 700
Total 1,800 3,000

- For Pressure Zone 1 the required overflow level of the storage
tank would be elevation 340 meters. The existing storage facility
in Jipa City has an overflow level of 340 m and ocan therefore be
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ated into the first~phase system, Ry 1984, a new storage
facility for Pressure Zcne 1 would be oconstructed just north of
the proposed diversion road in Barrio Balintawak approximately one
kilowster from the core oity arez. This faoility would be located
at a ground elevation of aboul 355 m and would have a five-meter
opsrational range. Whan this tank is oompleted,the present storage
facility can be abandoned or used only for emergency storage.

The storage locatioms for Presesure Zone 2 are in Barrio Tibig
and Barrio lodlods The Tibig storage facility would be a ground sto-
rage tank located at approiimately 360 meters, T.e tarnk would have a
five-meter operational level and an overflow level at 365 meterse
The Lodlod tank would be a standpipe located at a ground elevation of
340 meters, The overflow level would be at 365 m and an operational
range of five meters would be used for computation of useful storage
volums. The lower 20 m of storage would be comsidered dead storage,
although this portion can be utilized during emergencies. Computer
analyeis of peak-hour flow requirements shows that no more than 25
per cent of the Pressure Zone 2 storage should be looated at Barrio
Lodlod,

The HGL in Pressure Zone 3 would be at 385 meters. The sxist-
ing elevated tank at the Fernando Air Base, having a 380 oum capa~
city, can be renovated and used in the long-term recommendsd plan,
In 1990 all of the demand in Pressure Zone 3 is at the airfiela,
and the storage requirement can be satisfied by the existing faoi-
lity. By year 2000, additionul storage in Pressure Zone 3 would
be required as the service area expands, The storage can be located
in Barric Pinagtongular at a ground elevation of 380 meters. The
cverflow Jevel would be at 385 m and a five-meter operational range
sheuld be provided,

In summary, four new storage sites would be required for the
three pressure zones. The recommended staging and volume for each
site are listed in Table VIII-4, The future storage sites are
shown in Figure VIII-5,

Systea Omratigx_x_

Distribution systems, with deep wells as the principal source
of water, present special operating and maintenance requirements to
the ICWD, The total water pumped at any instant during the day
should be equal to the total system demand, except during peak demand
periods when additional supply is provided from storage faoilities.
¥hen demands are highest all, or nearly all, deep wells would be
pomping; and when demands are lowest, only those wells required for
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TABLE VIIl-
RECOMDENTED STCRACE STACING AND VOLUNE

Coustruotion Stor. Overflow
Pressure Zone/location Period Folg_o:z;g_) level (m)

1, Barrio Balintawak 198284 1,000 340
1990-92 500

2, Barrio Tibig 1982-84 400 365
" 1994~96 200

3. Barrio lodlod 1990-92 2099/ 365

4. Barrio Pinagtongulan 1994-96 500 385

ninimum demand would be operating. Matching system output with
system demand would minimize pressure fluctuation in the distribu=
tion system and would minimize energy requirements and correspond-
ing operating costs. In order to accomplish this mode of system
operation, csrtain control featurvs are required at the pamp station
and storage facilities in each pressure zone.

The best parameter for controlling mystem operation is the
syotem pressure. During periods of peak demand the system preossure
will be lowest and during periods of minimum demand system pressure
will be highest. A pressure regulated shut-off switoh can be in-
stalled on the discharge line of each pumping unit. By observing
system pressures during several days of operation, it is possible
to select the system pressure at which each pumping unit should be
shut-off, The switch can be adjusted to the selected shut—off
pressure, (It is likely that each pumping unit would have a diffe=
rent shut-off pressure,) When pump discharge preasure approaches
the selected pressure the ewitch will automatically shui-off the
pump. The pump operator can restart the pump after system pressure
drops to a predetermined level, Each pumping unit should also be
provided with a swing cheok valve on the discharge line to prevent
water from being forced into the well when the pump is not operating,

é/ This facility will be a standpipe having a total wolume of
1,000 cum — 200 cum operational volume plus 500 cum of Qsad-storage
volume,
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The distridbution storage facilities must be controlled in such
& maser that the storage tank supplies water to the distribution
systom during peak-hour periods and fills up during low demand
perinds. Also, onoce the tank is filled a valve should close to pre-
ven’, water from overflowing to waste. Proper oontrol at the storage
facility can be achieved by the installation of a double—acting alti-
tuide valve. Such a valve permits two-may flow, It is installed on
the supply line to the storage tank. The valve closes to prevent
overflow when the tank is full and opens to return water to the die
tribution rystem when pressures drop below the full tank head, A
double~acting altitude valve with a delayed opening feature can be
obtained to prevent flow from the storege tank until the system pres-
sure drops below a certain level,

&n alternative to a double-acting altitude valve is manual regu-
lation of a valve on the supply line to the storage tank. Three
shifts of valve operatorc would be required to man the valve on a
24-hour basis. The valve would be opened in early morning to supply
peak-hour water demands and closed at night after the tank fills,

At othor times during the Jday the valve would be opened or closed
depending upon the daily fluctuation of water demands and occasional
emergency situations such as fires, line bresaks, or pump failures.

In Pressure Zone 1, e pressure-reducing valve should be installed
on the line to Barrio Antipolo. This barrio is located at ground
elevations which would experience excessive pressures if the statio
HGL in Pressure Zone 1 would not be reduced. The valve should be in-
stalled at a ground elevation of 270 m and adjusted to reduce water
pressure to 20 meters. Thus all water passing through the valve would
be at a constant HGL of 290 meterse.

All of the control features described above would require apéoial
maintenance to insure proper operation. A system of preventive main-
tenance should be instituted to accomplish this,

Internal Network

The existing internal network of the LCWD would require rein-
foroement in order to provide adequate service to conocessionaires
within the poblacion. The reinforcement would consist of replacing
all pipe less than 100 mm in dicmeter, replacing 100 mm pipe whose
ocarrying capacity has been reduced due to corrosion, installing new
valves and fire hydrants, looping dead-end mains, and serving streets
previously unserved., To determine the cost of reinforcing the exist-
ing internal network system, the internal network system within the
poblacion was studied in detail. The comstruction cost for reine~
foroing the existing system is listed in Item A of Tabie VIIl-5,
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The design of the intermal metwork extension to new servioce
areas is disoussed im Arreadix VIII-D, The sirnimus recommended
pipe sise in the internal metwork is 100 millimeters, Por estime~
tiag the comstruotien cost of imternal metwork extonsion, a total
length of 100 m of internal metwork pipe per hectare vas asstmed
and & 431 ratio of 100 sm pips to 150 mm pipe was used, The ocst
of extension te nevw servioe areas io listed in Item B of Table
VIII<S,

The dasired spacing and other details of fire hydrants are
disewssed in Appendix VIII-D, The oomstructiom oost for fire
hydrants is listed in Item C of Table VIII-S,

TABLE VIII-
CONSTRUCTION COST OF INTERNAL NETWORK COMPONENTS

Foreign
Average Exchange
Desoription of Intermal Network Requirement per Comstrustion Compement
Area Component Heotare Served Cost ‘Pﬁ\_ﬂ P
As Reinforce~ Pipe: 100 =m % n/ha 7,600 3,138
meni of 150 mm 3 n/ha 450 216
Edsting  vailves: 100 mm o4/ha 560 308
System 150 mm o2/ha 380 228
Total (Rownded) 9,000 3,900
B. Service Pipe: 100 mm 80 a/ha 6,400 2,640
Area 150 mm 20 a/ha 3,000 1,440
Valves: 100 mm od/ha 560 308

150 mm o1/ha 190 34
Total (Rounded) 10,200 4,500

Ce Mre Protection

Servioce
High-Value Area 150 mm kydrant .57/ha 3,100 1,800
Residential Area 100 mm kydrant .20/ha 770 450



Esnd_Pamp Vells

The hand pump well as an alternative water source for urban
area is disoussed in Appendix VIII.D, In summary, the hand pump
well is net preferable to a piped water system because of the less
satisfaotory service and marginal cost advantage. However, in
tural areas not likely to be near the piped water system, the hend
pamp well is favored from an economic viewpoint,

E. OTHER ALTERNATIVES FOR WATER
CONSERVATION AND AUGMENTATION

In areas whore water is a scarce resovroé, there are several
alternative measures of oonserving water, Theme alternatives depend
on sophisticated tecknology in the case of water reuse and deealting
or on governmental policy in the case of land management. Aopendix
VIII-Z is a disoussion of these conservation and augmentation alter=
natives,



CHAPTER IX DESCRIPTION AND COST OF THE RECOMMENTED PLAN
A. CENERAL

The long-rangs water supply to the LCWD will require an ex-
tensive construction program including source development and
treatment, transmission and distribution facilities., 4s a result
of the alternative analyses presented in Chapter VIII, Alternative 1
has been selected as the recommended scheme for the source/trans-
mission system. Acoordingly, deep wells drilled into the local
aquifer will supply water to the area until the maximum practical
and economical safe Yisld from this source is utilized. Continuous
monitoring of wells and springs is essential in evaluating precisely
the groundwater potential of the LCWD area, In the future, it may
be necessary to implement certain revisions to the recommended pro-
gram, as more groundwater data become available relative to the
wells and aquifer performance,

connections (29 per cent), Unaccounted~for~water is estimated at
about 79 per cent of the total produoction, Therefore, a leakage
survey, pipeline repairs and metering program must be given high
rriority,

This chapter describes the early action works, and the firste
stage and second-stage facilities of the long-term construction
program. In addition, the capital and annual costs of the recom-
mended program, concepts conceruing sewerage and drainage, comments
regarding the management of water resources; and a statement CONCerne-
ing the environmental impact of this project are inoluded, (Appen=-
dices A, B, C and D, Volums IT are discussions of ths Design Criteria,
Basis of Cost Estimates‘ Construction Materials and Methods, and
Outline Specifications. )

The recommended plan will be implemented in six steps:

1. The early action works to be implemented as soon as
possible;

2. Stage I Phase A of the long-term construotion program
(1978-82);

3. Stage I Phase B of the lon'.gbton oonstruction progrem
(1982-86);



4. Stage I Phase C of the long-term construction program

(1986-90);

5 Stage IT Phase A of the long-term construction program
(1990-95);

‘6 Stage II Phase B of the long-term construction program
(1995-2000).

B. EARLY ACTION GUIIELINES

While planning, design and construction works of the long-
range program are in progress, certain steps may be taken to faoi-
litate "early action" in the ILCWD water supply system. These
steps will decrease the amownt of unaccounted~for-water, improve
the water quality, increase system pressures and maximize the
amount of water available from the present well sources, as Well
as raise additional revenues, These early action guidelines are
as follows (see Table IX-1 for cost estimates):

I. Planning and Administration

le Continue the publicity and promotional campaign concern=
ing the water supply feasibility studies so that water
district customers are kept fully aware of the impending
improvemen’s and prepare them for the antioipated water
rate increases. Also, discuss in detail within the vater
district ideas relative to raising the implementation
funds (both peso and foreign exchange components) required
for the recommended program.

2. Strengthen the legal basis for development of new watar
sources, and prepare for the implementation snd enfer
ment of policies involved,

3o Initiate a sewerage/drainage feasibility study after the
planning of water supply facilities is completed,

4. Initiate improvements to the managenent, engineering and
maintenance procedures of the water distriot in accordanoce
with established INUA guidelines, in antiocipation of future
requirements tha: may be imposed by lending agencies.

5« Purchase caloulators, typewriters, addres aph and vali-
dating machines, and other office equipment/furniture,



II. Deta Colleotiog['!‘ochnioal Planning

6+ Aoquire the land required for proposed water sources,
storage tanks, buildings and righte-of-way for pro-
posed transmission pipelines. Conduot detailed
topograrhic surveys of all sites for existing and pro-
posed faollities,

Te Initiate a continuous program io monitor daily water
production. A monthly record of water accountability
should te maintained to recogmize improvements from
the ourrent level of 21 per cent accounted-for-water,
Purchase and instsll master meters at all operating
wells and on the present transmission pipeline from
the spring sources.

8. Conduct a survey and compile an inventory of all physical
facilities of the existing water Bupply and sewerage syse
tems, and all connections to private premises, Private
wells; septic tanke and drainage systems should be ine
cluded,

9+ With consultation, adopt a flexible and enforceable plumbe=
ing code in anticipation of the proposed water supply
faciliiy improvements and future sewerage/drainage schemes,
The abandonment of thin-wall steel pipe used for service
connections should be incorporated into this code, It is
recommended that PVC pipe be used for service oconnections,

10, Acquire an adequate waterworks library for use by water
disirict personnel,

ITI. Operational Improvements

11, Purchase two additional vehicles (one % or $ ton pickeup
truck and one jeep-type, four—wheel drive vehicle) for
use by water district personnel.

12, Aoquire disinfection equipment and install it at all
operating wells. Only a single unit will be installed
at each well site, with two spare units to be retained
in the water distriot for stand-by service, Two addi-
tional chlorinator units will be installed at the
oollection chamber of the ‘present spring source of
lowest elevation, High-pressure water from the near-
by discharge pipeline of springs of higher elevation
will be used to operate the chlorinator injectors.



13.

4.

15.

16,

17,

18,

Initiste a routine water sampling progrea within the
existing distributiom system. Purchase the equipment
for and initiate a progrem of regularly analysing water
mamples oollected to detest the possidle presence of
barmful pollutants within the system. Areas of the
system where residual chlerine is low or non-existent
should be examined for pessible sources of oontamination,

Convert all existing service oonnections to metered oon—~
neotions. At present there are approximately 650 un—
metered oconnsctions within the LCWD, as well as approxi-
mately 60 metered oonnections which were recently in-
stalled, Cost Lave been included for conversion of the
unmetered oconnections and approximately 200 new conneotions
(the meters required will be supplied through an existing

LWUA program),

Purchase two sets of pipe drilling/tapping equipment
for the installation of customer service conneotions
on distribution pipes, and additicnal band and shop
tools for use by water distriot plumbers.

Rearuit or train existing personnel to obtain qualified
staff for the distribution system, service oonnection

and transmission pipeline works, as well as the oper-
ation and maintenance of wells, LWUA or other qualified
oonsultant's assistance will dbe required for this purpose,

Initiate a program of leakage surveys in ordzr to minimize
wastage within the aystem. Perform the neoessary pipeline
repairs and valve repairs/replacements discovered during
the surveys. Identify actual and potential cross--con-
nections between the water supply system and pollution
sources, »nd oarry out the neoessary works to eliminate
thenm,

Make repairs, alterations and operating improvements as
indiocated in the list of mimoellaneous improvements
(Appendix IX-B). ‘hese impruvements will increase
oustomer service and potentially inocrease the quantity
of available water,



1.
2,
3.
4
5e
6.
Te
8.
9

10.
1,

TABIE IX-1
COST ESTIMATES FOR EARLY ACTION WORKS

item

I,’: 1
Disinfection Facilities
Service Connescotions

leakage Survey and Repairs
Vehicles

Pipeline Equipnent and Tools

Produotion Metering

Office Equipment

Basic Library

Chlorine Residual Analygzers

Miscellaneous System
Improvements

Sub~total
Contingencies @ 15%

Sub-total
Training @ 5%

TOTAL

145,000
39,000
82,000
23,000
40,000
13,000

2,000
3,000

35,000

382,@
57,000

439,000
22,000

461,000

loocal Foreign Exch Total
Component () Mmm Pl (2

- 145,000
149,000 188,000
76,000 158,000
139,000 162,000
60,000 100,000
25,000 38,000
19,000 21,000
44,000 47,000
2,000 2,000
2,000 2,000
85,000 120,000
601,000 983,000
90,000 147,000
691,000 1,130,000
35!“» 57,m
126,000 1,187,000



Ce. FIRST STAGE OF THE RECOMMENDED
LONG-TERM CONSTRUCTION PROGRAN

The firat stage of the long-term construction program includes
source development, as well as t:.atment (disinfection), transmission
and distributicn facilities., This stage of comstruction will be
carried out in three construction phases. The following is a brief
description of the proposed facilities in these construction phases,

Construction Phase I-A (1978-82)

Source Development., The LCWD obtains its present water supply
from six operating wells and from the Santo Nifio Springs (see Chaptenr
IV). Studies on the existing water district wells have shown that
the typical well construction is generally poor and the resulting
production ocapacity is relatively small, ranging from 2.6 to 5.8 lps,
Four of the existing wells are more than 18 yearsold and the remain-
ing two are about eight years old. Among them, only the Market well
was tested during the field investigations. The tests show that the
production capacity of the Market well can be doubled with the ine
stallation of a new pump set. Because of the minimum spacing require=
ment for wells (see Chapter VII) to prevent excessive drawdown of
groundwater, the remaining five wells, which are 50 to 400 m apart,
should be phased out as the proposed new wells are put into service,
Therefore, from the existing sources, a total supply of 2,000 cumd
(880 cumd from the Santo Nifio Springs and 1,120 cumd from the Market
well) is included in the long-term program.

For construction of the new wells in the LCWD, the following
criteria have been established, based on the limited well data
available and pump test resultss

a, Well spacing t 2 km for wells in each one of
the separate aquifera.

be Well depth ¢ 100 m, in the upper aquifer;
200 my in the lower aquifer.

Ce Size of casing $ 20 cm '

d. Average yield from one

well : 1,300 cumd
e, Pumping water level ¢ 45 m in the upper agquifer;

135 m in the lower aquifer,

A typical recommended well section is shown in Appendix Figure
¥II-B-12, Volume II,



The future service area of the LCWD has been divided in%o
three pressure sones, as described in Chapter VIII, During Phase
I-4, three operational and one stand-by wells will be constructed
in the first pressure zone; one operational and one stand-by wells
in the second pressure zone; and two operational wulls in the third
preesure zone to supplement the supply to Fernando Air Base, Four
of the wells will be 100 m deep and the other four will be 200 m
deep. With these wells and existing sources, the LCWD will have ade-
quate supply until 1985, as shown in Figure IX-1. Each one of the
propoged wells will be equipped with an appropriate pump and drive
assembly. The pump and drive should be selected after a complete
well development and testing, As explained in Chapter VII, the two
aquifers under consideration are, in general, independent from each
other as far as piezometric head iz concerned. Therefore, the upper
aquifer should be sealed off in the 200 m deep wells to protect the
plezometric head in the upper zone.

Power transmission lines will be extended from the existing
NPC substation in Lipa City to the future deep well sites and a
voltage transformer will be provided at each site,

A chlorination room will be oconstructed next to each of the
deep well pump station.

Construction of an access road to some of the well sites will
be necessary.

Approximate locations of the Phase I-A wells are shown in
Figure IX-2, appended, and data on these wells are summarized in
Table IX=2:

TABLE IX-2
PHASE I~-A (1978-80) WELLS

Pressure Nupber of Wells Approximate Pumping Water
Zone Operational Stand-by Depth fn} Jevel ‘g)

1 2 - 100 45
1 1 200 135
2 1 - 100 45
- 1 200 L 135
3 1 - 100 45
1 - 200 135



Transmission/Distribution Pipelines, Water pumped from the
proposed deep wells will be conveyed to the consumers through trans—
mission and distribution pipelines., Pipe sizes have heen determined
by utilising a computer program, which considered various oconditions,
such as: (a) peak hourly demand, and (b) minimum demand plus tank
£illing (see Chapter 12, Methodology Manual and Appendix A, Volume II).
The computer print-outs of the final runs are presented in Appendix
Tables IX-C~4 through IX-C-9, The phased construotion of the dis-
tﬁwon system in each pressure zone is based on intermediate
analyais for 1390 peak-hour and storage filling oonditions, as part
of the year 2000 system.

The transmission/distribution mains to be installed in Phase
J-A will oonnect the new deep wells to the demand centers in the
three pressure zones, A general layout of the proposed facilities
is shown schematiocally in Figure IX-2, appended, The transmission/
distribution mains are listed in Table IX-3 for each pressure zone,
The pipe numbers listed in the table refer to those shown in Figure
IX-3.

In Pressure Zone 1, the present service area, the distribution
mains will be installed along the principal streets in the poblacion.
In addition to improving service in the present service area, the
water district will extend service to new areas southwest of the
poblacien in Barrio Balagbage

In Pressure Zone 2, a distribution main will be installed
along the diversion road serving new conocessionaires north of the
poblacion. In Pressure Zone 3, a distribution main will be in-
stalled to connect the new deep wells to the Fernando Air Base,

It is proposed that the water district install a master meter
at the points where oonnections are made to the airfield distribu-
tion system, 3By utilizing the existing facilities at the airfield
and having only two or three master meters to imspect, the water
district can reduce its oapital and operating cost of serving the
airfield. This will make water supply service more economically
attraotive to both the airfield and the water district., The air-
field benefits by having more reliable water service and by elimina=
ting its operating and maintenance problems at its 15 deep wells.
The water district benefits by serving a large—demand consumer and
by being able to monitor more accurately groundwater extraction
from the aquifers in the area.

The pipelines and valves to be installed in Phase ,I-A are
summarized as follows:
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Fipe Size ‘El Pipe length ‘l[ Valve Size ‘g! Nupber of Valve;

100 1,500 100 6
150 34590 150 48
200 11,210

The valve sizes are reduced one nominal size from the pipe diameter
for all pipe sizes larger than 150 millimeters, One fire hydrant
will be installed on the main in Barrio Balagbag for occasional main
flushing,

Stor Tanks. In Phase I-A,the existing storage facilities
in the poblacion and at the Fernando Air Base will be utilized. In
order to use the existing storage facility in Lipa City it will be
necessary to install a 200-mm,double-acting altitude valve (automatic
control) on the supply line to the storage tank. The valve will
close when the water in the storage tank reaches the overflow level
and it will open when the system pressure is less than the full tank
head, (Alternatively, the tank can be manned 24 hours a day, for manual
valve operation,)

The elevated storage tank at the Fernando Air Base will bde
renovated in Phase I-A (assuming the water district supplies the
airfield), Leakages will be sealed and the tank will be cleaned
and restored to nearly new conditions, A 200-mm, double-acting
altitude valve will also be installed on the supply line to the
Pernando Air Base tank for automatio control of flow in and out
the ta.nk.

Internal Network and Service Connections, The schedule of
improvements to the inter network system is described in
Appendix IX-cC, During Phase I-A the water distriot will rein-
force the existing internal network syctem by replacing all pipe
smaller than 100 mn in dixmeter, by looping dead-end lines, by ine
stalling new valves and fire hydrants and serving streets previously
unserved, It is estimated that an 80-ha area within the potlacion
will be reinforced in this manner,

Also during Phase I-A, a new internal network will be extended
to &8 40-ha area in the fringe of the existing service area. Such
areas to receive new piping will be the Dolor and Lipe City Subdivi-
sions east of the poblacion and the Carmel Subdivision pouth of the
podlacion,



TABLE IX-3

STAGE I PHASE A CONSTRUCTION PROGRAN
FOR TRANSMISSION/DISTRIBUTION SYSTEM (1978-82)
LIPA CITY WATER DISTRICT

Pipe ~JNode
Desori?tion/location Nagber From To Size T D-."EW
PRESSURE ZONE I
Along Nanila~Batangas Road from 22 25 23 150 800
Bonifacio St.
From Recto Ave., -~ Kalaw St. to 23 28 25 200 540
Bonifacio St. - Manila Batangas
Road
From Bonifacio St. - Manila =~ 25 25 26 200 200
Batangas Road to Bonifacio =~
Tiaong Road ,
From Recto Ave. - Kalaw St, to 24 24 28 200 800
Mabini Academy
From Recto Ave., to Carmelite Convent 33 28 29 200 1,100
Along Lipa Rosario Road
From Batangas - Tanguay Road to 3 46 24 200 1,150
Mabini Academy
From Balagbag Road to Lipa - Ibaan = 35 32 47 200 660
Nanila Batangas Road
Along Balagbag Road 36 32 46 200 - 300
Along Reciv Ave, « From Lipa - Ibaan 54 47 28 200 400
Road to Kalaw St,.
Along Laygo St. 27 40 26 200 870
Along lodlod ~ Pangao Road 37 3 32 150 1,140
Along Balagbag Road 38 32 33 150 650
Along Lipa - Rosario Road to 47 29 30 150 1,000
Antipolo Norte
Along Manila -~ Batangas Road from 53 T0 47 200 550
Existing Reservoir to Recto St.
Near Bo. Muntingpulo 63 64 40 200 250
Proposed Well and Pump Station Line 68 54 32 200 200
Proposed Well and Pump Station Line 59 48 64 200 200
From Balagbag Road to Existing 78 46 70 200 230
Reservoir ‘

X =10



TABLE IX-3 (Continued)

Desoription/location E 2 29- Size T I-E‘I TR
Between Bo. Muntingpulo and Sapac 64 41 63 100 300
Near Bo. Sapac 65 59 42 100 500
Between Bo. Sapac and Santo Nifio 66 60 43 100 700

PRESSURE ZONE 2

Near Bo. Balintawak 16 16 19 200 1,040

From Mabini Academy to Manila - 18 21 19 200 - 800
Batangas Road

Along Nanila-Batangas Road 19 20 21 200 470

Proposed Well and Pump Station Line 58 5 20 200 250

PRESSURE Z0NE 3

Along Manila - Batangas Road to 8 7 11 200 1,000
Fernando Air Base
Proposed Well and Pump Station Line 172 61 7 200 200

X - 11



During Fhase I-A only the distribution system within the PO
lacion will receive fire protection service. The fire protection
service will be extended to 40 ha of high~value area and 90 ha of
residential area, The internal network piping, valves and fire
hydrants to be installed in Phase I-A are summarised belows

Reinforcement of Servioce Areca

Iten Existing System ~ _Extension =~ Total
Pipe ' ¢ 100 mm 7,600 m 3,200 @ 10,800 m
: 150 mm 240 m 800 m 1,040 m
Valves : 100 mm 32 16 48
150 mm 16 4 20
Hydrants : 100 mm 18 18
150 mm 23 23

It is estimated that the water district will replace 200 of
the existing service connection in Phase I-A. The connections to
be replaced will be identified in the leakage survey, whish is
part of the Early Action Program. Also, the water district will
install 2,050 new service connections.

Administrative and Punctional Buil o The ICWD presently
occuples a small office space within the compound of the Idpa City
Engineering Depariment. The existing office is not adequate for
proper operation and management of the distriot. Therefore, it
is recommended that a new office complex be constructed for the
LOWD, during the Phase I-A, This office complex will include an
administrative area and functional space for laboratory, meter
shop, storage, garage and parking which are, in general, needed
for efficient operation of a water district. Depending on the
availability of the land area, whioh is schednled for purchase
during the Early Action Program, all of these spac..8 can be
ideally located at one site.

Cost Summary — Phace I-A, The cost summary for oconstruoting
Phase I-A is presented in Table IX-4. Based on 1976 price levels,
the total project cost of this e is P14.04 million with o
foreign exchange component (FEC) of P6.70 million whioh inoludes
direct and indirect import items. Table IX«4 shows also a oost
breakdown based on material-equipment procurement and Qivile
structural work, Materials and equipment considered in this
breakdown are pipes, valves, water meters, hydrants, pumps,
motors and chlorinators,



TABLE IX-4

COST SUMMARY OF CONSTRUCTION
STAGE T - PHASE A (1978-82)

iteon

Source bevnloplont
Naterial and Equipment
Civil /and Structural

Conastruotion Cost

Transmigsion ~ Distribution

Mains and Valves
Naterial and Equipment
Civil and Structural

Congtruotion Cost

Storage Tanks and Appurte-
nances
Material and Equipment
Civil and Structural

Construction Cost

Internal Network
Material and Eyuipment
Civil and Structural

Construction Cost
Service Connections
Material and Equipment
Civil and Structural
Construction Cost
Water District Buildings
Naterial and Equipment
Civil and Struotural

Construction Cost

Construction

Period
1978-80

1978-82

1978-80

1978-82

197882

1978-80

Cost in zggulggggfbgg!
local tal

FEC
1,850 616 2,466
2,058 1,655 3,713
38 1,549 1,931
1 .088 - 1 .wa
1,470 1,549 3,019
3 50 53
61 10 T
64 60 124
119 605 724
599 - 599
718 605 1,323
45 868 913
602 - 602
647 868 1,515
685 3% 1,080
685 3% 1,080



TABLE IX-4 (Contimed)

Construction

TOTAL CONSTRUCTICGN COST

Material and Equipment
Civil and Struotural

‘ Total
Conmtingencies (15%)

Sub=-total
Engineering (lo%)y

Sub=total
Land Costs?
Adninistrative and legal Fees (3%)

TOTAL PROJECT COST

st Thousand Peso
FEC
57 4,111 4,868
4,885 1,021 5,906
50642 5,132 10,774
848 768 1,616
6.490 5.%0 12!3”
440 800 1,240
6,930 6,700 13,630
410 410
T:340 6,700 14,040

yBroken down into 65 per cent in FEC and 35 per cent in

local Costs )

g/ Included in the Early Actiocn Program



Construction Phase I-B (1982-86

Source Development, Five operational wells will be constructed
during Phase I-B, Eell characteristics would, in general, be based
on the criteria stated under Phase I-A, Three of the five opera-
tional wells will be constructed in the first preasure zone and the
other two in the second pressure sons, Three of the wells will dbe
100 m deep and the remaining two will be 200 m deep, Pacilities for
electric power supply, and chlorination will be provided for each
well mite. Acoess roads to the sites will be constructed wherever
neoessary,

Approximate locations of the Phase I-B wells are ghown in
Figure IX-2, appended, and data on these wells are summarited in
Table n—50

TABLE IX-5
PHASE I-B (1983-85) WELLS

Pressure Number of Wells Approximate Pumping Water
Zone Operational Stand-by _Depth (m) Level (m)
1 2 - 100 45

1 - 200 135
2 1 - 100 45
1 - 200 135

3 - - - -

Tranamission@istribution Mains. Though distribution mains
will be installed in each pressure zone, the major effort under
this phase will be to increase the service area in Pressure Zone 2,
Distribution mains will be installed in Barrios Tibig, Balintawak,
Matans na Lupa and Tambo, The distribution main program is listed
in Table IX~6 and the Pipes and valves are summarised belows

Pipe Size (mm) Pipe length (m) Valve Size (wm) Mumber of Valves

150 1,770 150 18
200 4,950 ' 200 . 4
250 1,800


http:1983-.85

TABLE IX-6

STAGE I PHASE B CONSTRUCTION PROCRAN
FOR TRANSMIS:ION/DISTRIBUTION SYSTEM (1982-86)

| Pipe _ Node Piy
Desoription/Location Number From To Size(mm) --; h (m)

PRESSURE ZONE 1
s !

Located in Boe Muntingpulo 28 40 41 200 1,450
Proposed Storage Tank Line
in Bo. Balintawak 20 24 22 200 500

PRESSURE ZONE 2

Along Nanila - Batangas Rd

near Bo., Mataas na Lupa 13 16 13 200 1,300
Along Road to Bo, Tibig 14 15 16 250 800
Along Bo. Tibig Rd to Pro-

posed Tibig Storage Tank 9 10 15 250 1,000
Along Manila -~ Batangas Rd

near Bo, Tambo 11 12 13 200 500
Along Mataas na lupa = Lodlod

Road 12 13 35 150 870
Along Lodlod Road 41 35 36 150 300
Along Balintawak - Marauoy

Road 17 18 19 150 600
Proposed Well and Pump Station

Line in Bo, Tambo 69 56 12 200 200

PRESSURE ZONE 3

Along Manila = Batangas Rd :
to Fernando Air Base 10 12 1 200 1,000

IX - 16



During this phase, all pressure zones will be interconnected for
transferring water from one zone to another during emergency periods.
Under normal operating conditions no water will be transferred bet-
ween pressure zones as the valve at the intercomneotion will be
closed,

Storage Tanks, In Phase I-B, storage tanks will be construoted
for botk Pressure Zones 1 and 2, In Pressure Zone 1, a 1,000~cum
storage tank will be constructed in Barrio Balintawak between ground
elevations 335 and 340 meters. The tank will have a five-meter opera~
tional range with the overflow slevation at 340 meters, A 200-mm
altitude valve assembly should be installed (or the tank should be
manned for 24 hours a day) to control the inflow and outflow of the
storage tank, It is recommendsd that the existing storage facility
be taken out of routine operation and kept as emergency storage,

The .altitude valve installed at the oxisting tank in Phase I~A can
be transferred to the Balintawak storage tank,

The storage tank for Pressure Zone 2 will be constructed in
‘Barrio Tibig. The tank should be located between ground elovations
360 to 365 m and have a volume of 400 cvm, The tank will have a
five-meter operational range and a 365 m overflow elevation, A
250-mm altitude valve will be installed on the supply line to the
storage tank.

Internal Netvork and Service Connections, The water district
will replace the internal network in a 40-ha area within the present
service area outside the poblacion, The area will be east of the

poblacion in Barrios Sabang and Muntingpulo,

New internal network will be installed in 70 ha of area in the
fringe of the poblacion and in the new ereas receiving service in
Pressure Zone 2, Some 30 ha of high-value area and 100 ha of resi-
dential area will receive fire proteotion service, The internal
network pipes and valves and fire hydrants to be installed in Phase
I-B are summarized below:

Reinforcement of Service Area

tem Existins System Extension Total
Pipe ¢ 100 mm 3,200 n 5,600 m 8,800 m
150 m 800 m 1,400 m 2,200 m
Valves ¢ 100 mm 16. 28 44
150 mm 4 7 11
Hydrants t 100 mm 8 12 20
150 mm 8 17 17

X -17



The water distriot will replace 200 of the existing service
oonnaotions and inatall 2,700 new service connections during
Phase I-B,

Cost Summary -~ hase I-B, A cost summary for construoting
Phase I-B is presented in Table IX-7, DBased on 1976 price levels,
the total projeot cost of this phase is P10,97 million, with a
foreign exchange component of P5.21 million. A breakdown of the
construction costs, for certain material and equipment to be
prooured and civil-structural work, ies also given in Table IX-T.

X -18



TABLE IX-7
COST SIMMARY OF CONSTRUCTION STACE I PHASE B (1962-86)

Construotidn Cost in Tho Pesos

Item —Ferjod = Iocal FRC Total
Source Development 198385
Material and Equipment 131 656 787
Civil and Structural 1,128 _ 396 1,524
Construction Cost 1,259 1,052 2,31
Transmission/Distribution
Mains /a.nd Valves 198286
Material and Equipment 256 997 1,253
Civil and Structural 62 -
" Construction Cost 898 997 1,89
Storage Tank and Appurte-
nances 198385
Material and Equipment 37 126 163
Civil and Structural 631 __9% _14
Construction Cost 688 216 904
Internal Network 198286
Material and Equipment 125 59 719
Civil and Structural 213 - 213
Construction Cost 698 594 1,292
Service Connections 1982-86
Naterial and Equipment 58 1,128 1,186
Civil and Structural 1711 - 1171
Construction Cost 835 1,128 1,963
TOTAL CONSTRUCTION COST
Katerial and Equipment 607 3,501 4,108
Civil and Structural }.111 4,251
Total 4.378 3'%7 8‘365
Contiugencies (15%) 657 _59% 1,255
Sub=total 2,035 4,585 9,620
Zngineering (1%)3/ 337 625 962

}/ Tentatively broken down as 65 per oent FEC and 35 per oent

ioc:lﬂy FEC may be reduced as more engineering design is performed
oC °

X - 19



TABLE TX-7 (Contimued)

Constmdtion Cost_in Thousand Pesos

Item Period Iocal  FEC  Total
 Sub-total 5,372 5,210 10,582

Land Costs 70 - 70
/Sub=total 5,442 5,210 10,652

Administrative and |

/legal Fees (3%) 320 - 320

" TOTAL PROJECT COST 5,762 5,210 10,972



truction Phass I-C 11 1

Source Development. Mo new well oconstruction will be required
during this phacae,

Trapsmission/Distributjon Ma‘ns, The water mains to be in-
stalled in Fhase I-C will improve servioe in Barrios Sapas, Santo
Nifio, Tangob, Antipoio del Sar and will extend service to Barrios
latag and lodlod:. The proposed mains are listed in Table IX-8,

A svamary of the pipes and walves to be installed in Phase I-C is
listed below:

Pimvbiu ‘m! Pipe length ‘-) Yalve Sise ‘-] Number of Yalyes

100 900 100 2
150 8,250 150 20
200 500

Two fire hydrants will be installed on dead-ends of distribution
mains for occasionai main flushing, A pressure-reducing valve
will be installed in the disiribution main extending to Antipolo
del Sur., The valve should be placed at a ground elevation of
270 m and should control the HGL in Barrio dntipolo del Sur at a
maximum of 290 meters.

Internal Network and Service ctions. An additional 20-
ha area of the existing internal network system will be reinforoed
in Barrios Sapac and Tangub. This will complete the program to
reinforce tae existing internal network system. The internal net-
work will he extended to 125 ha in the fringe of the water distriot
in Barrios latag and lodlod and other residential areas being de~
veloped within the service area, By 1990 the water district will
have reinforced all 140 ha of the existing service area and will
have exterded the internal network to an additional 235 hectares.

. During Phase I-C the water district will install fire hydrants
in 30 ha of high-value area and 130 ha of residential arca. Ry
1990 the water district will provide fire protection service to
420 ha within the service area. The internal network pipes and
valves and fire hydrants to be installed in Phase I-C are summarised
as follows:



TABLE IX-8

STAGE T FHAST C CONSTRUCTION PROGRAN
POR TRANSKISSION/DISTRIBUTION SYSTEN (1966-90)

Desoripion/laoetton miv T ) W

PRESSURE ZONE 1

Along Tisong load 26 26 27 150 600

Along Road near Bo. Sapao 29 41 42 150 1,200

Along Road necar Bo. Saped 30 2 43 100 900

Located near Bo., latug - Antipole 32 29 27 150 950
del Norte

Pineline along Carmel Subdivision 46 33 29 150 1,500

Prposed Well and Pump Station Line 67 53 29 200 200

Along Roed near Bo. lutipolo del 48 30 3 150 700
Norte )

Along Road near Bo. Antipolo del 49 3 45 150 1,000
Sur

PRESSURE ZONE 2 .
Along Road near Bo. Lodlod 43 36 37 150 1,240

Along Balintawak - Naramoy Road 50 20 18 150 1,000
Proposed Well and Pump Station 56 52 19 200 300

Iine in Bo. Balintawak



Reinforcement of Servioce Area

Iisn Bxisting Systes ~ Extepsjon  Tetal
Pipe $ 100 mm 1,600 m 10,000 m 11,600
150 mm 400 m 2,500 m 2,900 m
Valves ¢ 100 am 4 50 54
150 mm 2 13 15
Hydrants : 100 mm 4 22 26
150 mm 17 17

The program to replace all of the existing connections will
be completed during Phase I-C by replacing 314 service connections.
Two thousand seven hundred (2,700) new service connections will bve
installed, bringing the total connections to 8,400 ty 1990,

Cost Summary — Phase I-C, A cost summary for the construction
Phase I-C is presented in Table IX-9. Based on 1976 price levels,
the total project cost of this phase is P6.86 million, with a foreign
exchange component (FEC) of P3.51 million, A breakdown of the cone
struction cost, inocluding certain material and equipment to be pro-
oured and civil-struotural work, i3 also given in Table IX-9,



TABLE IX-9
COST SUMMARY OF CONSTRUCTION STAGE I PHASE C (1986-90)

Construction Cost in Thousand Pesos
Item Period local FEC Total

ta

Source Development - - - -
Transmission/Distribution
Mains and Valves 1986~90
Material and Equipment 177 791 968
Civil and Structural 602 - 602
Construotion Cost 4 719 791 1,570
Internal Network 1986-90
Material and Equipment 158 165 923
Civil and Structural 749 - 749
Construction Cost 907 765 1,672
Service Connections 1986=90
Material and Equipment €0 1,156 1,216
Civil and Struotural 804 - 804
Conatruction Coat 864 1,156 2,020
TOTAL CONSTRUCTION COST
Material and Equipment 3% 2,712 3,107
Civil and Structural 2,155 - 2,155
Total 2,550 2,712 5,262
Contingenoies (15%) 382 407 189
Sub=total 2,932 3,119 6,051
inginesring (108)%/ 212 393 605
Sub=~total 3,144 3,512 6,656
Adminisirative and Legal _
Fees (3%) ~ 200 - 200
TOTAL PROJECT COST 3,344 3,512 6,856

¥ Tentativel ‘
y broken down as 65 per cent FEC and 35 per ceat local
FEC may be reduced as more engineering design is perronor locally. '
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D, 3ECOND STAGE OF THE RECOMMENDED
LONG~TERM CONSTRUCTION PROCRAM

The second stage of the recommended program includes construce
tion of additional deep wells, water transmission and distribution
mains, etorage tanks and expansion of the internal networke These
works will be implemented in two phases,

Construction Phase II-A (1990-95)

Source Development. Ry this time, the LCWD will have sufficient
data on the well performances and local aquifers, Based on the opera
tional data, if it is found to be feagible, eight more wells will be
constructed to meet the maximum daily demands projeoted for the Year
2000, It is estimated that three additional operational wells, one
100-n and two 200-m deep, will be comstructed in the first pressure
zone; two operational wells, one 100-m and one 200-m deep, in the
second pressure zonej and two operational and one stand-by wells,
one 100-m and two 200-m deep, in the third pressure zone, Faoilities
for eleotric power supply and chlorination will be provided for each
well site. Construction of aocess roads may be required for some of
the sites,

Approximate locations of the welle in Phase I-B are shown in
Figure IX-2, appended, and data on these wells are summarized in
Table IX-10,

TABLE IX-10
PHASE IX-A (1989~91) WELLS

Pressure Number of Wells Approximate Pumping Water
Zone Operational St and-by Depth {! } leve
1 1 - 100 45
2 - 200 135
2 1 - 100 45
1l - 200 135
3 1 - 100 45
1 l 200 135
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Ttmissioy'_lgistribution Mains., In Pressure Zone 1, the
distribution mains to the storage facility in Barrio Balintawak
will be reinforced and service will be extended to Barrio Bolboc,
In Pressure Zone 2y the new well in Bar -i- <alintawak and the

storage facilities in Barrio lodlod will be connected to the Gigw
tribution systenm, .

In Pressure Zone 3y service will be extended to Barrio Banay-
banay along the National Road and to Barrio Bagongpook north of
the Natioral Road, The distribution maine to be installed in
Phase II-A are listed in Table IX-11 and summarigzed belows

Pipe Size (my) Pipe Lenxth (m) Valve Size (mm) Number of Valves

150 2,570 150 20
200 3,810 200 2
250 500

One 100-mm fire hydrant will be installed in Barrio Bagongpook for
the purpose of occasional main flushing,
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TABLE IX-11

STACE II PHASE A CONSTRUCTION PROGRAM
FOR TRANSMISSION/DISTRIBUPION SYSTBH  (1990-55)

Pi Node Pi
Description/Location X {: Froz To e (mfah THO)
PRESSURE Z0NE 1
Along Road near Bo. Bolbeo 39 33 62 150 1,100
Proposed Well and Pump Station 55 51 41 200 200
Line in Bo. Wuntingpulo
Proposed Well and Pump Station 13 65 62 200 200
Line in Bo, Bolbok
Proposed Storage line in 20 22 24 250 500
Bo. Balintawak
From Recto Ave to Mabini Academy 24 24 28 200 800

along Kalaw St

FRESSURE ZONE 2

Proposed Well and Pump Station 70 55 36 200 200
Line in Bo. Pangao

Proposed Storage Tank Line in 44 39 37 200 s 400
Bo. Pangao

PRESSUKE ZONE 3

From Bo, Banaybanay to 5 5 6 150 1,470
Bo. Bagongpook

From Bo., Banaybanay to Road 6 4 5 200 470
Junction near Cemetery

From Bo, Banaybanay to 1 5 7 200 1,340
Fernando Air Base

Proposed Well and Pump Station 14 66 4 200 200

Line in Bo. Banaybanay
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Storage Tanks, 'The volume of atorage located in Barrio Baline
tawak and serving Pressure Zone 1 will be increased by 500 cum with
the construction of a new storage tank. The tank will have a five-
meter operational range and a 340 m overflow elevations A 250-mm,
double~acting altitude valve will be installed (or a continuous
manual control will be provided) on the supply line to the storage
tank,

In Pressure Zone 2, a 25-m high, standpipe=type storage tank
Will be constructed in Barrio lodlod. The overflow elevation will
have a 200-cum volume within the top five meters of operational
range, The lower 20 m of the standpipe will contain 800 cum of
dead storage which can be used only in emergencies, A 200-mm,
double=acting altitude valve will be installed on the supply line
(or a continuous manual control will be provided as a subatiture
for the altitude valve),

Internal Network and Service Connections. The water district
will install the internal network system ir 150 ha during Phase II-A,
Fire protection service will be provided to 40 ha of high~value area
and 220 ha of residential area. The required internal network pipes
and valves and fire hydrants to be installed in Phase II-A are sum=
marized as follows:

Item Service Area Extonuion
Pipe t 100 mm 12,000 m
150 mm 3,000 m
Valves : 100 mm 60
150 mm 15
Hydrants : 100 mm 44
150 mm 23

A total of 3,450 service oonnections are projected to be in-
stalled during Phase II-A, :

Cost Summary = Phase II-A, A cost summary for the construction
Phase II~A is presented in Table IX-12, Based on 1976 price levels,
the total project cost of this phase is P13,78 million with a foreign
exchiange component of P6.,43 million which includes the direct and ine
direct import items. Table IX-)2 shows also a breakdown of the con—
struction cost for certain materials and equipment and civil-struce—
tural work. The materials and equipment conasidered in this breakdown

are pipes, valves, water meters, hydrants, pumps, motors and chlo-
rinators,




TABLE IX-12
COST SUMMARY OF CONSTRUCTION STAGE II-A (1990-95)

Construction Cost in Tho Pesos
Iten Period local FEC

Source Development 1989-91
Material and Equipment 214 1,070 1,284
Civil and Structural 2,014  _ 661 2,678
Construction Cost 2,228 1,731 3,959
Transmission/Distribution
Mains and Valves 1990-95
Material and Equipment 179 700 879
Civil and Structural 480 - 480
Construction Cost €59 700 1,359
Storage Tank and
Appurtenances 1990-92
Naterial and Equipment 39 147 186
Civil and Structural 708 100 808
Construction Cost 747 247 994
Internal Network 199095
Material and Equipment 184 846 1,030
Civil and Structural 194 - 194
Construotion Cost 978 846 1,824
Servioe Connactions
Material and Bquipment 69 1,380 1,449
Civil and Structural 932 - 932
Conwrtruction Cost 1,001 1,380 2,381
TOTAL CONSYTRUCTION COST
Material and Equipment 665 4,143 4,828
Civil and Struotural 4,928 761 5,689
Total 5'613 4,% 10'517
Contingenocies (15%) 842 136 _1,518
Sub-total 6,455 5,640 12,095
Engineering (10¢)%/ 423 787 1,210
Sub~total 6,878 6,427 13,305
Land Cost 16 - 16
Sub—total 6,954 6,427 13,381
Administrative and Legal Fees (3%)° 401 - 40}
TOTAL PROJECT COST 7,355 6,427 13,782

y’l‘ontatiw]y broken down as 65 per cent FEC and 35 per oent
looal; FPEC may be reduced as more engineering design is performed
looally.
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Construction Fhase II-B ‘1222:2000}

Source Development, Construction of additional new wells will
not be required during this phase.

Transmission/Distribution Mains, During Fhase II-B the water
distriot will extend service to new areas in Pressure Zones 2 and 3.
Tre distribution mains to be installed are listed in Table IX-13.

In Pressure Zone 2, service will be extended to Barrio Pinagtongulan.
By year 2000, the water district's service area will be 860 ha, of
which 180 ha will be served by direct connection to the distribution
mains, The pipes and valves to be installed in the Phase IJ-B pro=
gram are summarized below:

Pipe Size (mm) Pipe Length (m) Valve Size (mm) Number of Valves

150 1,750 150 14

200 4,200

A 100-mm fire hydrant will be installed in the distribution main
in Barrio Duhatan for occasional main flushing,

Storage Tankse The volume in Pressure Zone 2 will be increased
by 200 cum with the construction of a second storage facility in
Barrio Tibig. The tank will have a five-mater operational range and
an overflaw elevation of 365 meters. The tank should be interconnected
to the Phase I-B storage facility. A asecond double~acting altitude
valve (if this automatic flow control system was provided in the early
phases of oonstruction) will not be required as the interconnection
can be made on the storage tank side of the altitude valve installed
in Phase I-B.

4 500-cum storage tank will be constructed at Bukal Hill in
Barrio Pinagtongulans The tank will have a 385-m overflow elevation
and serve Pressure Zone 3. The starage faoility should be located
between elevations 380 to 385 meters, A five-meter operational
range should be provided. In order to control the inflow and oute
flow at the tank, a double-acting altitude valve should be installed
(or the tank should be manned for 24 hours a day for a continuous
manual ocontrol).

Internal Network and Service Connections. The water district
will Install internal network system in 155 ha within the service
area. The total area served by connection to the internal network
system will be 680 ha by year 2000, Durirg Phase II-B it is pro-



TABLE IX~-13

STAGE IT PHASE B CONSTRUCTION PROGRAN
FOR TRANSMISSION/DISTRIBUTION PIPELINES (1995-2000)

Pipe Node Pipe

Desoription/Location Number F To Bize lmmY Lenrin lm

PRESSURE ZONE 1

Along Manila -~ Batangas Road 22 25 23 150 800
from Bonifacio G5t

PRESSURE ZONE 2
Pipe Line to Bo. Pangao 45 38 37 200 1,400

PREGSURE ZONE 3

From Bo. Pinagtongulan to 1 2 1 150 750
Bo., Duhatan

Proposed Storage Tank Line in 2 9 2 200 400
Bos Pinagtongulan

From Bo. Plnagtongulan to 3 3 2 200 1,500
Bo. Banaybanay 2

From Bo. Banaybanay 2 to Road 4 4 3 200 900

. Junction near Cemetery

" spoeed Well and Pump Station 5 67 3 150 200

“ine in Bo. Banaybanay 2



Jected that 50 ha of residential area having fire protection servioe
will be upgraded to high-wvalue service by the installation of 150-mm
fire hydrants. An additional 180 ha of residentia) area will be
given fire protection service bringing the total area receiving fire
protection to 860 hectares, The Phase Ii-B internal network pipes
and valves and fire hydrants to be installed are summarized belows

Item Service Area Extension
Pipe ¢ 100 mm 12,400 m
150 mm 3,100 m
Valves $ 100 mm 62
150 mm 16
Hydrante ¢t 100 mm 36
150 mm 29

The water distriot will install 3,450 additional service cone
nections, By year 2000, the water distriot is projected to serve
15,300 concesssionaires,

Cost Summary - Phase II-B, A cost summary for the oconstruotioc:
Phase Il-B is presented in Table IX-14. Based on 1976 price levels,
the total project cost of this phase is P7.72 million, with a forelign
exchange component of P3.85 million. A breakdown of the construotion
costs for certain materials and equipment to be procured and civile
struotural work, is also given in Table IX~d,



TABLE IX-14

CO3T SUMNARY OF CONSTRUCTION STAGE II~B (1995-2000)

Itenm

Source Development

Transmiseion/Distribution
Maine and Valves
Material and Equipmont
Civil and Struotural

Construction Cost

Storage Tank and
Appurtenances
Materials &ad Equipment
Civil and Structural

Conztrustion Cost

Internal Network
Material and Equipment
Civil aud Structural

Construction Cost

Service Conmnections
Material and Equipment
Civil and Structural

Construction Cogt

TOTAL CONSTRUCTION COST
Material and Equipment
Civil and Struotural

Total
Contingencies (15%)

Sub~total
Engineering (10$)§/

Sub=~total

Construction

Parjod

1995-2000

1995-19917

Administrative and Legal Pees (3%)

TOTAL PROJECT COST

Cgft y; ggiﬁﬂ Pesos
) tal

147 561 728
49 — A%
552 581 1,133
21 79 100
81 <22 437
408 129 537
188 869 1,057
819 - 819
1,007 869 1,876
69 1,380 1,449
'ﬁ ; ﬂ
1,001 1,380 2,381
425 2,909 3,34
2243 30 2,593
2,968 2,959 5,927
3,413 3,403 6,816
22 443 _682
3,652 3,846 7,498
225 - 225
3,817 3,44 T,723

é/ Tentatively broken down as 65 per cent FEC and 35 per cent
local; FEC may be reduced as more design work is performed locally.
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E. CAPITAL COST SUMMARY

Capital costs for each comstruction phase, including the
Early Aotion Works are summarized in Table IX~15. Land costs for
the proposed facilities, with the exception of well sites in the
latter phases of construction, are included in the Early Action
Program. The total project coets shown in the table, in general,
include estimated construction costez of proposed facilities, surveys.
and engineering, contingencies, cost of land and easements and
administrative and legal feesm, As indicated previously, the con-
struction cost estimates for the proposed facilities are based on
the projected July 1976 unit prices, The foreign exchange component
of the total projeot coast which is also shown in Table IX-15,
includes the cost of directly and/or indirectly imported items.

The water supply and demand chart shown in Figure IX~1 indi-
cates the scheduling of construotion stages for source development
with respect to the LCWD water system maximum dally demand ourve
for the study area,

TABLE IX=~15

CAPITAL COST SUMMARY

Construction Construotion Construction
Phase Period Cost Project Cost (P x 1000)
(P x 1000) Local FEC Total
Early Action Works 1977-78 983 461 726 1,187
I-A 1978-82 10,774 74340 6,700 14,040
1-B 1982-86 8,365 5,762 5,210 10,972
1086-90 5,262 3,344 3,512 6,856
II-A 1990-19%5 10,517 74355 6,427 13,782
II-B 1995-2000 59927 3,877 3,846 7,723
Total 41,828 28,139 26,421 54,560
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Fo ANNUAL OVHATION AN MAINTENANCE COSTS

Annual operation and maintenance costs include personnel, power,
chemicals, maintenance, rentals, offiee supplies, and other
misoellaneous expenses whicl are necessary for the operation of the
overall water system, The total operation and maintenance cost for
the exiasting system in 1975 was about P150,000, Following implementa~
tion of the recommended construction program, the annual coet of
operation and maintenance will increase due to the additional per-
sonnel, power, chemicals and maintenance required., The annual costs
discussed here do not include the annual repsyment of the loan for
oonstruction of the new facilities.

The annual costs for operaiing the LCWD facilities are estimated
to be approximately Pj??,OOOt ¥796,000 and 1,29 million in 1980,
8

1990 and 2000, respectively (see Tatle IX<l6). The annual operational
and maintenance costs are based on the estimated July 1976 price levels,

TABLE IX-16
ANRUAL GPERATION AND MAINTENANCE COSTS

Item sofmoual Coz& Px 100_322
Source Pacilities 121 369 661
Treatment (Chlorine) 22 44 67
Transmission and Distribution 26 80 150
Administration and Personnel 143 273 362
Miscellaneous 15 3o 50

TOTAL ;27 ;;6‘ 1,;9-;
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G. SEWERAGE/DRAINAGE CONCFPTS
1] D sten

There ars no adequate severage and drainage facilities in the
LCWD area, MNost residences have septic tanks with effluent dis=
charging into open drains or storm drainage oconduits, Where sep-
tic tanks are not provided, wastewater is disposed of directly
into open drains or street gutters.

The existing sewerage/drainage eystem of Lipa, originally
constructed for surface runoff oollection, is ocurrently loaded with
wastewater, thus making it essentially a combined eystem, A city
ordinance requires that adequate sanitary facilities be provided
with new construotion. Oasoline service stations are also required
to comply with anti-pollution laws. “Barangay™ councils have regu-—
lations that all households should have sanitary toilet facilities,
Enforcement of these ordinances and regulations iz a problem and
at this time the degree of compliance is unkno'n.

Field observations of the sewerage/drainage system in Lipa are
as follows:

l, There are no industries producing sigmificant amount of
(industrial) wastes,

2, Wastewater and storm runoff are discharged to Pamintaban
River which in turn is being used for irrigating ricefields
downstream,

3. Rational and subdivision roads have concrete-lined gutters
and street inlets at intersections, al spacing of about
25 meters, Street inlet opening is about 8 om x 40 om,
without steel gratings,

4. About 30 per cent of roads have underground drainage
conduits, The remaining 70 per cent have open unlined
canals which serve as combined wastewater and drainage
canals, measuring about 65 om top width and 36 cm depth
(See Pigure IX—4 ).

9« The public market and slauzhterhouse drain their waste—
water directly into Pamintahan River., There is oaly one
public toilet which is located inside the public market
and this exists under wvery objectionable and unsanitary
ocondition,






6. Golid wastes are dumped and burncd at Tanguay dwmping
area., The Pamintahan River (now very polluted) is also
used as a solid waste dump,

T. Less than five per cent of the residents of Lipa Cily ars
connected to the combined system,

8. Many water service vonnactions have been observed to cross
the sewerage/drainage canals, Becanse of this situation,
there are many potential opportunities for cross-oconnections
between the potable water syatem and wastewater,

9¢ There are no serious flood jproblems in Lipa, except for
ocoasional and localized atreet flooding resulting from
clogeed canals after heavy rains,

Relationships with Infrastructure and Other Engineering
and Economic Factors

The provision of sewerage and drainame facilities in Lipa City
has a significant imp-ct on water supply and other infrastructure,
On the other hand, economics (that is, "ability to pay") and public
health affect the feasibility of providing asewsrage/drainage either
on a separate or a combined basis,

Before decisions can be made on the impiementation of drainage
and/or sewerage facilities, it must be determined whether the works
should be designed on the basis of separate piping for storm runcff
and wastewater or as a combined system,

The 1970 oensus reported that only 17 per cent of the households
in Lipa City have flush toilets, MNost likely, these households
withwater—gealed (flush) toilets are concentrated in the core city
area where the underground drainage system is located, Such a low
percentage of modern toilets could preclude immediate implementation
of a wastewater system.

The rationale for the provicion of wastewater ocollection facie
lities has traditionally been based on assthetios and public health
benefits, At present, there is a distinct water supply problem in
the LCWD. 4s the water supply problem is resclved, wastewater
volumes will increase. Related publio health and assthetic problems
will in turn compound and aggravate the wastewater problem.



Pro jeoted Nastewater Yolumes

For LOWD, it has been established that collected wastewaterl
would be approximately as follows (see Table IX-17 for breakdown) s

Year Wastcwater Flow (cumd

1990 1,000
2005 3,500
2025 7,200

Alternatives Available
M

The economic cost of sewerage/drainage facilities for the
LCW. area is expected to be signifioant,

The provieion of a financially celf-sufficient soueragn/
drainage syastem is seldom achieved even in developed countries,
It is 1ikely that the LCWD is no exception to that rule,

Feasible alternatives for sewerage in the LCWD area appear
to be as follows:

l Individual (septic tanks or & unified public colleotion
syctem;

Z/The service area considered for the wastewater projeotion
is the poblacion or present water service area within the water
digtrict. These areas are the most densely populated in the water
district, and because of this, they will be the areas where publio
health and nuisance problems associated with wastewater will be
highest,

The wastewater vulume which could be collected was determined
by estimating the number of Sewer conneotions per ysar the water
district could reasonable be expected to maintain on a long-
term basis. The number of people connected to the sewerage system
Was estimated, The total population with 8eworago service was exe
pressed as a percentage of the population having water service,
Using this percentage, the domestic wastewater volume was calculated
@5 a percentage of the domestic water demand assuming that 90 per
cent of the water is returned to the gewer. In the early years of
sewer construction, it was assumed, the mosgt densely populated and
highly commercialized core city areas would be sewered firgt, and
therefore, a higher percentage of the commercial, inetitutional and
industrial demand within the poblacion was assumed to be colleoted by
the sewerage system.



TABLE IX-17

WASTEWATER FLOWS
LIPA CITY WATER DISTRICT

Annual Percuntage of Water
Design Comnection Comnections with

Jear Rate Sewer Copnections
1990 100 10
2005 150 56
2025 187 100

Y Assumed at 0.15 lps/ha

Wastewater Flows

Domestic

2,300

5,300

Commercial,
Institutional
and Industrial
200
500

800

cumd
Allowance fo
Infiltrat ion.ﬁ./ Total
200 1,000
700 3,500
1,100 7,200



2+ Combined or separate systems;

3. Oentralized community treatment (with varying degrees
of treatment);

4. Disposal system (Pamintahan River or land ireatment),

The question of whether the LCWD should construct a combined
or a separate aoverage/ﬂrainage oystem depends to a certain extent
on eoonomic priorities,

An alternative i{c the separate system which must be investi=-
gated in detail during the sewerage feasibility study is the provi-
sion of open or covered canals (peripheral drains),

Alternative treatment and disposal methods for intercepted
wastewater may consist of:

1. Soreening of groes solids, high~rate lagoons and effluent
discharge into the Pamintshan River,

2. It 4s possible that some form of treatment such as convens
tional primary or high-rate secondary treatment may be
applied with eventual reuse of the proceased wastewater
for irrigation purposes,

Recommendations

As soon as the first-phase water supply program is undervay,
a comprehenaive sewerage/drainage feasibility stuly should be
undertaken. This study must address the issue of combined vs,
separate sewers, It should also update the population and water
demand projections of this water supply study.

Onoe the decision has been made to use either the combined or
separate system, the water diwtrict must eubark as promptly as
poasible, on a street sewering and house oonnection program.

!7;£o rate of sewering ie influenced by the following factorss

1. The limited rate local strset sewers can physically be
constructed by availnble sources with acceptable traffic
dislocstion;

2, The administrative and social conotraints on the rate
at which premisss can actually he connected to the
sewer system;

3¢ The availability of funds.
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A plumbing code should be developed by the LCWD to ocoordinate
pluabing requirements for water, wastewater and surface runof?
facilities, This code becomes very important and meaningful parti-
cularly 1f aeparate systom of sewers is adopted.

In the meantime, a house-to-house survey should be conducted
to inventory existing wastewater and toilet facilities, As=built
drawings of storm drains and peripheral canals must be compiled
and accurately recorded in preparation for the sewarage/drainage
feasibility study,

For residences and establishmenis that currently lack waste
disposal facilities and are financially unable to provide the
modern flush toilet with septic tank, the Department of Nealth
(Division of Environmental Sanitation) has developed an inexpensive
water-ceal, squat-—type toilet,

Permanent rights—of-way should be acquired for the main canale
that are now used for drainage/irrigation canals,

The use of combined (wastewater and stom water runoff) sewage
for irrigation of vegetables that are eaten raw should be discon=
tinued. Such combined wastes may be used with care in irrigating
vegetableos or plants that are well oooked,

The curren’ practice of dumping solid wastes into waterways
should be stopped, Solid wastes, not only pollute the water,
btut are also very unsightly and serve as habitat for flies, rodents,
and other parasites, The proper handling of solid wastes should
be studied and planned carefully,

H. MANAGEMENT OF GROUNIWATER RESOURCES

In order to preserve the quantity and quality of groundwater
available for present and future use of LCWD, certain technical
and management steps must be considered, These oonsiderations are
primarily related to the collection of data concerning the chemical
quality and overall productivity of the groundwater aquifers in the
vicinity of ICWD, and a data storage and retrieval system which
would provide easy acoessibility to those organizations dealing
with the subject, and are discuesed further in Appendix IX-H,
Volume II of this report,



I, UPDATING THE WATER SUPPLY MASTER PLAN

To be a meaningful working dooument, this water supply master
plan must be periodically updated. Changes related to teohnologiocal
develoments, mocial goals, land use concepts, un-antioipsated popu~
lation growth or movement, eto., must be reviewed for possible
long-range impact on the programs recommended in this report. 4n
outline of the steps required for such periodic updating is presented
in Appendix IX-I, Volume II,

J. ENVIRONMENTAL CONSIDERATIONS

Appendix IX-J, Volume II disocusses some of the ways the recom=
mended program may affect the environment of the ctudy area, The
natural resources affected by the program are all available and
some are irreplaceable, requiring due consideration before con-
struction is initiated,



CGHAPTER X FINANCIAL FEASIBILITY ANALYSIS
A, OENERAL

The financial feasibility analysis herein establishes a
detailed set of guidelines that the water diatriot management
may use in making crucial decisions during the next few years.
The technical aspects and project costs of the recommended plan
are presented in Chapter IX. Its economio justification follows
in Chapter XI. In this chapter, a plan is developed to indicate
how and when funds will be used to operate and maintain the system,
implement the program, establish reserve funds and retire the
indebtedness,

Water rates have been developed on the basis that the system
will be financially melf-supporting. Capital funds for the recom=
mended plan will be derived by borrowing from international lende
ing agencies and LWUA. The water rates that have been developed
appear to be within the ability~to-pay of the average householder
in the water district.

B. DEVEIOPMENT COSTS

The cost estimates of the facilities needed to improve and
expand water gervices of the water district over the development
planning period are presented in Chapter IX. Cost estimates of
the facilities are based on the projected 1976 unit prioces.

Projeot Costs

Projeot costs of facilities recommended for implemsntation
are summarised annually in Appendix Table X-B-i. Engineering
services for design and construction supervision are broken down.
It has been assumed that 70 per cent of the engineering services
apply to surveys and design und 30 per cent to construction super=
vision, Design oosts are shown in the year preceding construotion,
All other items such as legal and administrative fees (three per
cent), and contingencies (15 per cent) are distributed uniformly
during the construotion period. Foreign exchange ocomponent of
total project cost inoludes cost of direct and indireot import
items as well as a portion of the engineering costs.

Escalation of Costis

To aocount for the effects of inflation, capital cost esti-
mates are esoalated. This has been done year by year on an item
by item basis using escalation factors computed from assumed in-



flatiomary tremds and spplied o the Dasio ourrsut oost data as
showm in Appeadix Tuble X-B-2. The esesnlation fastors wesd are
based om an sverege mnusl rete of iaflation of wnrﬂtrr
Yoar from 1976 throwgh 1980, eight per cemt per yerr from 1981
through 1985 and six per ceat per year thersafter, (u the ether
Mand, annwal ocosts and family imooms are esoalited at & yate of
eight per oemt all throughout the 25-year study period, These
escalation factors have Desm assumed 10 apply equally to ths leom)

aad foreign exchaage costa.
C. OPERATING AND MAIZTENANCE O0STS

This cost ontegory oovers oash expemses required te keep the
aystem eperating and adequately muintained, It assurss tke oom
tinwed maintensnce of the water districi's reveans~producing oaph~
oity and proteostion of its iwvestment, Imeluded in this cost
ostegory ares perscunsl, pewer, chemiosls, msimtensnos, renisl,
and other miscellanecus expenses which are nscessary to rus the
overall water system. Nost items inorease in acoordance witi $he
quantity of water produoed, the number of customers served and the
oxtent to whioh the physiocsl plant will be operanted snd mainiained,

The operating oost of the existirg systom in 1976 is estimatsd
at £0.160 milliom. Cost estimates needed 10 operste and maintain
the aystem in the future are presented in Chapter IX.

D, PINANCING POLICIES COVIRING
LOCAL VATER DISTRICT DEVELOPMENY

The following are the major poteutial souroces of funds whieh
oan be utilised Yy the district:

t Souroces

To the extent that reveauss from the eperstions of the loosl
water district exoeed annual cask requirements for all cther pwr-
poses, funds oan be dsvioted to finaneing development coste. 4w &
practioal matter, it is highly desiredble te finamoe & signifiesnt
propertion of development costs in this manner im order to reduee
the amounts that must be borrowsd and the sssociated debt service
oosts,

Fop-—Operatipg Sources

Non~operating souroces of hnuh'tor development inoluds three
basic groupe



1.

2,

Lloans - funds may be borrowed by LCWD for developmsnt.

One of LWUA's primary funotions is lending funds for
development to water districts, From the water district's
point of view, ILWUA is the primary, if not the only
realistic, source of funds. LVUA borrowe both foreign
currencies and pesos at varying terms and rel)ends needed
funde to water distriots according to the cosposite terms
needed to support the blend of debt service terms LKUA
itself must meet., At present, IWUA's terms includes:

Interest - 9% per annum to be computed monthly
at ‘% per month from the year follow-
ing date of disbursement.

Duration - 30-year loan from the date of initial
disbursements,

Principal - no principal payments due during
disbursement periods (Construction
periods of Stage I - Phases A, B
and C are explained in Chapter IX).
Principal repayment period is 30
Years less the duration of the dig~
bursement period,

Charges and Assessments - consist of payments made by
new customers and benefiting property owners for the
costs of specific portions of the facilities being
developed, Typically, such charges are made fir the ,
costs of new construction and water meters and for all
or a portion of the costs of new distribution system
extensiors. IWUA policy requires new customers to
pay for connections and water meters, but currently
does not include an assessment for distribution
syatem costs. These sources are referred tn as "con~
tributions in aid of construction" in accounting
terminology and have the effect of reducing the
amounts to be borrowod. Since many new oustomers

will not be in a position to pay connection fees

(or venefit assesement charges) in cash, it will

be necessary to provide financing assigtance.

Present practice is to allow such payments to

be made at a flat monthly rate of P5.00 over a

period of 10 years,



3: Grants of Credits - ILNWUA has access to loan funds on
ooncessionary terms and is thus able to relernd funds at
rates that arebelow market rates, This in itself is a
fcredit' avallable to the local water district borrower.
In some countries, the national govermment makes out-
right grants to loocal water districts in recognition of
the overall national benefit of having safc and reliable
water systems. Auother approach is for the govermment
to advance a portion of the funds nueded during the early
Yyears of development at little or no interest to assist
the local utiiity in building its financial capacity.
This is another form of 'oredit' as referred to above.
Later, as the revenue base expands and development expen-—
ditures decline, the local utility funds such advances
as permitted by its cash position. At the present time,
however, the local water district is expected to undertake
its development programs with n: equity participation by
government or assistance other than the LWUA loans.

Reserve Requirements

Since reserve requirements are tied directly to obtaining
development loans from LiUA, they are considered as funds required
to support capital development. After total revenue requirements
are determined, LWUA guidelines suggest that 10 per cent Le set
agide for reserve funds. For purposes of this study, a lower per-
centage will be used, starting at three per cent progressively
inoreasing to 10 per cent.

E. FUNDS FOR CAPITAL DEVELOPMENT

Once the basic data requirements are met and the financing
policies outlined, funds required to cover development costs are
then determined. The most important document in this regard is
the breakdown of project costa as escalated and shown in Appendix
Table X-B-2,

Depreciable Assetsé@ggreni@&%pn Expenses

Capital assets soquired each year become subject to deprecia-
tion in their first full ysar of service. Thus a pipeline completed
in 1977 becomes “duprecialle" in 1978. If it has a S0-year life,
depreciation cortinues for 50 years and it is assumed to be retired
in the 518t year. The rost of large facilities that require several
years toconstruct is carried as ™dork in process" until completed,



Appendix Table X~E-1 shows the water districi's assets and
depreciable value forecasts, the initial purpose of which is to
show the appropriate "depreciable" values for use in caloulating
replacements and annual depreciation expenses. At the same time,
year-end book values of assets are shown as well as the value of
‘Wwork in process’

Based on the schedule of assets, annual depreciation expenses
were calculated and are shown in Appendix Table X~E~2,

Revolving Fund for Connections

To assist new customers in financing service connection
charges, it is necessary to provide woriking capital for a re~
volving fund. It is proposed that IWUA's present policy which
provides for the costs to be payable at ?5.00/month over a 10-
year period be increased to P5.65 to cover the increased unit
price of meters. Net inflow funds willi be required over a
period of 10 years to build sufficient income to support the
annual costs of connections. At some future poini, income ex-
ceeds annual expenditures and the revolving fund can be used
to refund the earlier advances of working capital,

Appendix Table X=-E~3 indicates the working capital require~
ments based on preliminary data for Lipa City. 1In this table,
the two key assumptions are:

1. The monthly installment payments are based on actual
costs of constructing service connections and meters;
thus, the monthly payments by customers connected to
the system in 1981 would be greater than by those who
would be connected to the system in 1978 to account
for the escalation of construction costs.

2, Sixty per cent of all new cuctomers would utilize the
installment method of financing connection charges,.

Revenue Unit PForecast

The present IWUA rate policy incorporates the use of "revenue
units" (RU) in determinine the basic cost per cubic meter of water
to domestic consumers. Commercial and industrial ouvstomers are
charged twice the unit price for domestic use and wholesale water
distributors are charged thrice the basic price.

As defined, a "revenue unit" is an arbitrary unit of measure
into which discharges from pipes of varions sizes are reduced to
a 3/8-inch connection by the use of conversion factors.



Thus, the discharge of a 3/8 inch comneciion (actually a
1/2 inch comnection, but regulated by a water meter to give the
discharge of a 3/8-inch connection) is multiplied by 1.0; that
of & 1/2-inch by 2.5; thai of a 3/4-inch by 4; that of a i-inch
by &, and so forth, to get the tota)l RUs delivered.

Appendix Table X-E-4 &€lves the ~venue unit forecast whioh
is summarigzed as follows:

1975 850 Revenue Units
1980 2,666 "
1985 5,138 "
1990 9,470 »

F. ANALYSIS OF .JJATER RATES

Abiytw Issue

Presidential Decree No. 198 stipulates that water districts
must be financially self-sufficient. In the past, most water
systems have not been able to generate suffioient revenues to
oover even just ths oreration and maintenance expenses due to
various factors including poor pricing schemes, defective colleo—
tion system and inadequate concumer promntion, The zmajor reason
that has been pointed out, howaver, ‘s that the vonsumers being
served by the water disiriot have such low incomes and henoce, they
ars not in a finuncial position to pay the full costs of the ByS=—
tem, Therefore, bafore x water system is improved and axpanded,
the ability~to—xay of the populutior targeted to be served rust
firet be ascertained,

Sinoe water distriocts are not expected to be extended govern—
msnt subsidy, this has significuntly simpiified the analysia of
the factors affecting ability-to-pay. The factors that affect

ability-to-pay are the anmal income of families ooversd by
the water district and percentage of thoir income ellocated to
water supply.

In March 1975, an -aformal survey was conducted among Water
District General Managers to help gather data needed for the
ability-to-pay studies, Questionnaires were distributed to
15 water districts covering provincial areas that differed in
8ize, location and economic conditions.



The answers given by the general mansgers of the 15 water
districts are summarized as tfolliows:

1) Though 10 of the water districts were revenus-procuciag
prior to the change in management ~f the water distriot,
13 imposed increased water rates upon takeover.

?) Water consumcrs generally accepited the irorease after
some explanations justifying ite Only five received
formal ocomplaints about the increased rates while
eight received formal complaints about the poor
quality of water supply.

3) %Yen inad diffioulty in the collection of water bills,
primarily due to dissatisfaction of counsumers to the
water service,

4) Assuming that oapital and ssrvice improvements were
made, the general managers indicated they could in-
crease their rates by as low as 25 per cent and as
high as 447 per cent for the average and below ave~
rage houceholds,

A formal survey was oonducted in April and May, 1975 in the
City of Lipa and the Municipality of Tanauan. These pllut areas
were selected because (a) they are at present sxperiensing water
supply problems, (b) the income level of their families is similar
to that of the national income figure, and (¢c) they are near
Manila, only about two hours away by bus,

The survey coversd 555 families, clagsified into four ineome
upa. Approximately 28 per cent ceme from the low-income plass
?glow $220/month); 55 per vent from the middle~income (P22y-2750/
month); 12 per oent from the upper middle-income (*751-¥1,500/
month); and five per cent from the high-income group (above £1,500),

The following table presents the highlights and pertinent
findings of the survey:



ESTIMATED ABILITY-TO-PAY BY INCOME GROUPING

Weightsd Average
Income Qroup P220  P221-750 P751-1,500 1,500
4 Distribution  28% 55% 124 5%
Probabls Ability
to Pay on Basis
of Improved P 13.50 P 24.50 P37,00 P 67.50 P25.00/mo
Service
Estivnated
Averuge Income P220  P660 P1,000 P2,700  P680/household
Ability~to-pay
divided by
Average Income 6,1% 3eTH 3.T% 2.5% 3.TH

The foregoing table indicates that the low income €roup may be
able to pay a maximum of 13,50 a month for water (about 6.1 per
oent of their average income). In the sxtreme end, the high income
group may be able to pay a maximum of P67.50 a month for water
(only 25 per cent «r their average income), This disparity in the
peroentage of inoome allocated to water by the two income groupe
may well be the best argument of those advocating a socialized price
structure,

The probable maximum ability—typw of the pilot area average
household is about P25.00 per month,

Family Inoome

In the Survey of Households Bulletin Series No. 34, published
July 1973 by the Bureau of the Census and Stetistios (BCS), Manils,
page 3, Table 5, the following data are givent

Manila Other
Total Total and Urban

Families Urbap Suburbs Areas Rural
Median family annual income,

pesos P2,454 P3,972 P 5,202 P3,650 P1,954
Size of mample, families 6,347 1,913 525 1,388 4,434

Ve figure inoludes appropriate allowances for the respondents
understating their income or willingness {0 pay and the inorease in
amount they are willing to pay as s result of improved servioes.
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The preceding data are for the 12-month period May 1970 to
April 1971, mcre or less, The figure for "other urban areas"
P3,650 median family annual income, may be approximate, or a {1tt10
less than the median family income at the areas merved with piped
water. As the figures cited above show, in general, people in
urban areas tend to be financially better off than people in rural
areas, The term "urban areas" includes all urban areas in the
country, 1In general, piped water systems are proposed to be devee
loped for the central, most urban area of the city or municipality.
The inhabitants of the central urban area are expected to be smome-
what wealthier than the other areas of the city or municipality,

By July 1976, the annual income for "other urban areas" cited
above, escalated at 10 per cent per year, would be about P6,260/year.

The report, "The Filipins Family, Community, and Nation" by
Emma Porio, Frank Lynch and Mary R, Hollnsteiner published by the
Institute of Fhilippine Culture of Ateneo de Manila University in
April 1975, cites in Table A9, page 99 the results of a suvey on
the income of 1,972 families during the period November 1973 to
April 1974, The families surveyed were distributed amonZ 15 urban
areas, and included 373 families in Metro Manila. T¥ixcluding the
families in Metro Manila, mean monthly income of the remaining
1,599 families was P572, or P6,864 per year, Escalating this ine-
come at an annual rate of 10 per cent, by 1 July 1976 it would be
an income of about P8,640 per year, These 14 urban areas are among
the more urbanized in the country, They included, for instance,
only three municipalities, the other eleven beins classified ag
cities, The median population of the 14 urban arcza in the 1970
census was about 70,000,

Based on these data, the mean family income of the peopie
residing in the water service arecas of the communities whose water
syotems are proposed to be improved might be, by 1 July 1976, some-
where between P6,260 per year (developed from the 1970=T1 Adata
of the Bureau of Census and Statistics) and P8,640 per yoar
(developed from the data of Porio, Lynch and Hollnsteiner), For
lack of other data, the average water-using family may have an
income of about P7,400 during 1976 (or P700 per month, which is
close to the Lipa household survey)s This is equivalent to an
annual income of $1,000 for a family of six or seven,

!g;tial Rate Determination

Several trials were made to oome up with revenue unit prices
that can be used for a period of several yeara.s It is good practice
for the water distriot to adjust prices every three years or so, in-
stead of annually,
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Based on the trials made, water rates established at three-
Yoar intervals are as followss

Peried Mater Bate P/oum

1976-1978 P 1,00
1979-1981 1.90
1982-1984 2.45
1985-1987 2,80
1988-1990 2,95
1991~1993 3.00
1994~1996 3.30
1997-2000 3.70

The firet step of P1.00/oum was selected as an intermediate
rate, in anticipation of the seoond step (P1,90/cum) which is
indioative of the required cost to make the system financially
viable, The rate of P1,90/oum in 1980 cozt levels ig equivalent
to P1.30 in 1976 prices (based on 10% discount rate)., Likewise
P2.45/cum in 1983 1s equal to P1.26 in 1976 prices.

hgluing that an average household will consume 24 oum per
monthE4 the average monthly cost would be P24.00, Based on the
Lipa household survey, this monthly cost would be about the pro=
bable ability-to-pay of P25.00/month,

hu;p_p:ltx of Charges

The question of feasibility is a matter of analyzing whether
or not the customers of the water distriot are able to pay the
required charges both now and in the future ir order to obtain
safe and reliable water services, In as much as the proposed
water rates represent the "weighted mean", determination has been

-2-/ Probable use of water by income groups:

Income Below Upper Weighted
Grouping Average Average Middle Upper Hean
Probable
Nater Use
oum/mo 16 24 32 44 23.7
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mude for those groups of households whose income (P700/m0) also re-
presents the "moan", Probable use of water by this group was calow-
lated at 24 oum per month, At P1.00 per oubic meter, a 24-ocum con-
sumption thus represents 3.4 per oent of the customer‘'s monthly in-
come, For newly connected customers, the monthly oost will be 5,65
greater if it is assumed that the low~inoome customer will ohoose
the installwent puyment plan, Assuming the new customer algo limits
his consusption to 24 cum or less, the monthly expenditure for water
will then be 4.2 per cent. The monthly installment charge for new
connections is fixed in the year of connection and remains oonstant
throughout the 10-year payment period, Since both the wator rates
and the household income increase each year, the impact of the ine
stallment charge on the expenditure pattern of the household will
decline over the 10-year period ofpayment, The estimated impact

of the increased rates and connection charges on household patterns
is shown below for the mid-point of each "rate block",

Ltep 18 1963 1986 12980 1992 2995 2998

l. Escalated ine
oome of houge-
hold earning
P700/m5 in 1?76
per year ,950 ?1.2m ’1'510 ?1,900 ’2.m ’3'020 ’3.810

2, Expenditure for
24~0um water con~
sumption (P) 45,60 55,80 67,20 70.80 72,00 79,20 68,80
3+ Inoome alloca-
tion to water for
existing custoimers
4.8 4,9 444 3.7 3.0 266 2¢3

4. Comngction charge
for new customers
(PS.GS/NO in
1976) 8425 10,45 12,88 15.31 18.24 21,75 25,93

5« Income allocation
to water for new

custiomera (%) 5«7 5.8 5-3 405 3.8 33 3.0

Since the mid-point of the period was selected for comparigon,
it should ve noted that the proportions shown would be slightly

In the example shown above, the proportioms of the housshold
income required for water servioes (except for years 1979 through
19687 whioh are within the upper range 1imit) are considered in
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line with the ability-to~pay studies done in Lipa City where
willingness among this inocome group to pay fees for improved
services was found to be about 3.7 per cent of their income.

In the final analysis, if any significant improvement is to
be achieved in the scope and quality of public water servioes and
if the requirement for commercially viable and financially self-
supporting water districts is to be maintained, all groups of water
customers will have to pay substantially higher charges for water
services than they have paid in the past.

Soolalized Water Rates

A policy guideliue in the structuring of water rate charges
is that they must be reasor=tle and realistic. Since water is a
prime commodity both for the poor and the rich, the socialized rate
may be determined such that a greater financial burden %s oarried
by those who can afford (but not to the point tlat it hecomes op~
pressive to them),

In the preceding seotions, specific ratss established meet the
cash requirements for an improved system and at the same time fall
within the average conmumer's ability-to-pxy . However, the "below
average" group will oarry a financial burden of about 7«3 per cent

20218, 7.3%).

By trial and error techniques, a possible sooialized water
rate stuocture is as followss

lonthi_lx Use fcunl Rate ‘P[oum)

0 ~ 15 P 0.75
16 - 30 P 1.35
31 - 40 P 1.95

> 40 P 2,55

The impactson the various income levels ri: . follovwss
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Below Upper Weighted

Average Aver Middle Upper Nean

Averuge monthly

Probable monthly
water use (cum) 16 24 32 44 23,7
Use of Rate/
Water oum
0~15 P0.75 Pl2.,25 » 11,25 » 11,25 p 11.25
16=30 P1l.35 1.35 12,15 20,25 20,25
3140 Pr1.95 - - 3.90 19.50

> 40 F2.55 = = = 1020
Total P 12,60 P23,40 » 35.40 * 61,20 P 2).71
’ or P1,00/cun
% of Income 5¢7 305 3.5 2.3 3.5

The group classified as "below average" will pay about 12,60
mouthly, and equivalent to 8 5¢7 per cent of income allocated to
water supply. The above figure, P12,60 is less tham the ocaloulated
P13.50 derived from the lipa survey,

Revenue Morecasts
M

Entimated future levels of income from water sales are shown
in Appendix Table X-F- o

G. FINANCIAL SUMMARY

Several trials have been conducted in developing the forecasts
of financial statements of LCWD, Thess statements are based on the
following major assumptions:

l. Reserved Pund: three per cent of sales for 1976~1980;
8ix per cent for 1981-1985; and 10 per cent for 1986-2000,

2, Uncollectibless tvWo per cent of ET085 revenue require-

ments for first year of a nevw rate application, and one
per oent for the seoond and third year-,

3¢ Accounts Receivable; equivalent to three months of sales,

4. Acocounts Payable: equivalent to two montha of operating
eéxpenses,



External Borrowing Requircd

Appendir Table X-G-1 shows the Pinancing Plan and Debt Servioe
where thy "Amount Disbursed” columm represents the external borrow-
ing required, This table also presents the debt servioing neces~
sary on a yearly basis,

Borrowing will start in 1976 and will continue through 1990,
The first loan will cover the seven=yvar period 1976~82 inolusive,
and will amount to P22.047 million., Ths second loan will cover the
eight-year period 1983-1990 inclusive, aad wili be about P31.048
miilion,

Projections of Financial Statements

Appendix Table X-0-2 shows the net income (loss) on a yearly
basis, Net loss is forecasted in 1981, However, net income oumu-
lative would show positive values all throughout.

Other related data such as watoer production, water sales, un-
acoounted-for-water and rate of return based on net firxed asset in
operation are alao presented in the tadle.

Cash Flow Statement

The oash flow statement provides an indication of the adequaoy
of working capital. It is not generally sufficient to oover cash
outlays with revenues because of the tendsnoy of cash regeipts to
lag behind cash outlays. In general, an expanding orgenization with
an active oapital development program and inoreasing level of activi-
ties will require similarly inereasing quantities of working capital.

Appendix Table X-0--3 presents the annual "Sources of Funds" and
the yearly "Applioations of Funds". Potential net decroases are ex—
peoted in 1980 aand 1962, By 2000, positive net cumulative cash
balance will be P48,851 million even if "cash at the begimning of
1976" was assumed to be equal tu zero,

Other Financial Statements

Appendix Table X-G— presents the "Projected Balance Sheet™
which shows the projected fixed and ourrent assets, and equity and
liabilities of the water district from 1976 to 2000,



Rate of Return

Discount rate of return on total investments (Appendix Table
X~G=5) measures the true efficiency of mobilizing investments on
the project from a broader perspective, Taken from a different
perspective, it measures the effective utilization of total invest-
ments employed in the project. It shows what the compounded growth
of investment within the project cycle would be based on the inter—
play of cash outflows and the resulting inflows' from such investment.

Net asset salvage value of P10,666 million is added to net cash
inflow in the year 2000, This is done based on the ausumption that
the project will terminate in the last projection year, Hence, assets
are to be liquidated and all liabilities are to Le paid from the pro-
ceeds of the assets,

Several trials were made in finding the rate of interest that
equated the present value of the cash inflows to the unrecovered
investments, In the LCUD, the rate of return, with the assumptions
made, is estimated to be 9.6 per cent,

1. FINANCIAL RECOMMENDATIONGS

l. The water district should esiublish a revolving fund to assist
new customers in financing service connection charges,

2. The proposed water ratcs (for domestic consum:rs) to effect self=-
sufficiency are as follown

1976-1978 P 1.00/cum
1979~1981 1.90
1982-1984 2.45
1985-~1987 2.80
1988-1990 2.95
1991-1993 3,00
1994-1996 3J.30
1997-2000 370

3« The recommended plan for the first constiruction phase (Phase I—A)
of LOWD is financially feasible. Borrowing for that period would
be P22,047 million.

External borrowing would still be necessary for the second
and third construction phases (Phases I-B and I-C).

X=-15



CHAPTER XI ECONOMIC FEASIBILITY ANALYSIS

A. WATER AND THE ECONOMY

;gtroduction

Water is a basic requirement in any country's economic develop-
ment and no economic activity can take place without its However,
this basic function diminishes in relative importance as a higher
level of economic development is attained by a country, In most
instances, the availability of water alone will not spur economic
growth for there are other significant factors that influence de-
velopment, such as peace and order, political stability, rate of
taxation and availability of infrastructure facilities, Hence, a
water supply project muat be considered as only one rart of a re-
gional development program. It must be viewed within the context
of the overall government program,

Considering that the Philippines is still a developing country,
water supply plays a fairly important role in the national Oor re-
gional economy, Traditionally, water has been made available to the
oonsuming public at very nominal rates, There is a tendency for the
consumers to uge water wastefully, 4s a consequence, the regard
given to it is far below its true importance.

To the water consumer, the value of water is measured by its
contribution to the satisfaction of the family group which uses the
water. His perspective includes himgelf and his household and all
the health, well being and preductivity aspects of family life,

To the businessman, water is valued for all it does to improve
business, From the national viewpoint, the benefits to the water
user, both householder and businessman, are only a part of the
totalo

Major Uses of Water Supply

Domestic. Water for domestic uge is usually given top prior-
ity because water is essential to life and, up to a point, essential
to general well-being. Estimation of the beneficial value of water
for domestic purposes is best viewed in terms of average willingneas
to pay for water rather than do without it. It will be noted that

willingness to pay is higher than the price charged insofar as most
users are concerned,

Industrial Use. Water ig used by industry primarily as a
factor of production. In some instances, it goes into the production
process as an input. This is the case for the soft drinks induatry,
One method of determining the value of water to industry is to
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analyze the cost of alternmative industrial processes which produce
the same product but use less water, This is not, however, always
possible and may be unduly laborious,

Other Uses. Crop irrigation is one of the major uses of water,
The value of water used for irrigation purposes can be estimated by
an elaborate calculation of "with" and "without" project conditions.
A1l cther costs are assumed to be paid and water becomes the residual
claimant under "without” and "with" project conditions. Detailed
analysis of the area to be irrigated is required.

Another important use is hydropower genmeration. Water used for
this purpose may be valued by comparison with the lowest—cost alterw
native of providing electric power. Lastly, bodies of water serve
a bhasic role in many recreational activities. Ordinarily, water
quality is not adversely affected by recreational use. Water value
in this case depends on a number of factors such as accessibility,
netting, beauty and quality.

In the Philippines, the National Water Resources Council ese
tablishes the water priorities, in pursuance of the policies laid
down by its charter, Presidential Decree No. 424. 1In general, the
system of priorities for the development, conservation and utiliza-
tion of the couniry's water resources reflects the current usage of
Water and is responsive to the changing demands for water. Another
presidential decree (Presidential Decree No. 198) has declared that
the creation, operation, maintenance and expansion of water supply
and wastewater disposal systems are a national policy of high
priority,

B. HETHODOLOGY

One approach in determining the economic feasibility of a
Water supply project involves a comparison of the benefits and
costs of the recommended system and those of the next best system,
In this method, the capital expenditure costs and the operating
and maintenance costs for both alternative systems are transformed
to an equivalent ammal cost basis during the projection period.
The comparison will show which of the alternative systems will
generate the same level of benefits at less cost,

Benefit-Cost Ratio

A second approach in determining the economic feasibility of
a water supply project involves the following stepss
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1. The identification of the economic bemefits and conts
that can be attributed to the establishment, operation
and mainterance of an improved water supply system;

2, The determination of the poszible bases for quantify=
ing these benefits and costs; and

3. The comparison of the present value of the bemefits
likely to be generated and the Present value of the
costs.

The results of the economioc analysis are then expressed as a
single rate called the benefit-cost ratio. The project is considered
feasible if the ratio is equal to or greater than 1:1.

Internal Hate of Return

Another method involves the calculation of the economic internal
rate of return of the proposed projects The total amount of the
benefits as well as of the costs is determined throughout the Pro-—
Jection period. By trial and error, the interest rate at which the
present worth of tie bemefits is equal to the present worth of the
oosts is then calculated. The project is considered desirable if
its internal economic rate of return is higher than the minimum
rate generally acceptable in such projects, which is usually the
opportunity cost of capital.

Hethod‘s! Adogted

Both the second and third methods were employed in determining
this project's economic feasibility. These two were oongidered more
appropriate than the first method because in this case, the recom-
mended plan ! .s already been selected from several alternatives on
the basis of present worth cost ocomparisons (as disoussed in
Chapters VIII and IX).

Calculation of Benefit and Cost Streams

In the economic analysis, benefits were projected up to 2000.
Construction costs included those that would be incurred up to
1990; while incremental operating and maintenance oogts Were pro-
jeoted up to 2000, This is because the benefits from the facilities
to be constructed up to 1990 would contime to accrue way bayond
their construction period, On the other hand, operating and maine
tenance of the facilities will hava to be undertaken regularly for
as long as benefits are desired to be realized from the system,
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™wo approaches were adopted in the computation of the benefits
and costes, In the first apprecach, all benefits and costs were cale
oulated on the hasie of constant 1976 prices which were afterwards
discounted at 12 per cent to obtain their present worth. The bene-
fits considered in this approach weret increase in land values,
health improvement, reduction in fire insurance costs, reduction
in fire damage and incremental revenue,.

In the socond approach, only two benefits were inciuded, namely:
reduction in fire damage and incremental revenue, These two benefits
as well as the costs were escalated annually throughout Stage I of
the construction period (1976 to 1990). Thereafter up to 2000, the
benefits and costs were maintained at their 1990 level. The escalam
ted values were then discounted #* 12 per cent to obtain their pre-
gent worthe

C. QUANTIFIABLE BENZFITS

The economic benefits that will be derived from the proposed
water supply improvement program for the water district myy be
classified into quantifiable and non-quantifiable. Quantifiable
benefits are those which can be expressed in monetary terms, On
the other hand, non—quaatifiable benefits are intangible but real,
and are extremely difficult to express in monetary terms.

Benefits resulting from tlke proponed project were evaluated
on an incremental basis, i.e., on a "with" or "without" principle.
Hence, the benefit figures reflect only those that will accrue to
the study arca as a result of the improvement of the water supply
systeme They c¢xclude the benefits arisiag from the present oystems

The quantifiable benefits that are discussed in the following
sections are: increase in land values, improved health conditions,
reduction in fire insurance costs, reduction in fire damage, and
incremental rcvenue.

Increase in Land Values

The implementation of the water supplv project will result in
an inorease in the land values of the study arca. However, it must
be pointed out that ithe increase in land valuec cannot he attriluted
soley to the water supply project. Any difference betuecen the ac—
quisition cost and the present market value of a piece of land evolves
from a sories of market and public forces which exist whether or not
the water supply project ic undertaken. :luch forces include ti-»
general pace of indusirialization, construction activity, inflation,
land speculation, taxation, public lond acquisition aml selling,
More particularly, such a difference could he the result
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of a gnersl estimation of productivity due to infrestructure in-
vestmants which include a water supply project.

The increase in land values due to the provision of an improved
public water supply system was ostimeted in the household survey in
Lipa City (May 1975) to be about 22,6 per cent of the market value
of a piece of land. It is reasonable to assume thay this figure
represents the incremental value of a piece of land given acoess
to water supply. In a specific instance, a residential lot about
400 sqm has thr; following market valuas:

Without Water 400 sqm x PS50 = P20,000
With Water 400 sqm x P65 = P26,000
Ratio = 1.3 or 305 increase

In this particular case, the incremental oost of 6,000 closely
represents the market value of a private well (complete with pumps,
electric controls etc.) to serve the premises,

On the basia of this informaticn, it my be conservative to
agsume that land served by the water distribution system will ex-
perience a 20 per cent increase in value during the year that water
service is extended to such premises.

Assumptions made for this analysis are cxplained in Appendix
XI-C. Appendix Table XI~C—1 shows the computations of this benefit,

Health Benefits

The establishment of a water supply aystem in a ocomsanity will
necessarily bring about health benefits to the population, Undoubt=
edly, the provision of safe, potable water to the population is a
prerequisite for the maintenance of minimum health standards, Thess
health berniefits are ordinarily manifested in the following:

fe A significant reduction in the incidence of water-borne
diseages guch as cholera, dysentery, gastro-enteritis,
and typhoid/paratyphoid. As a result, there will be a
decrease in the amount of time lost by inoome earners
who are afflicted with such diseases.

2, A subsequent reduction in premature deaths due to the
lower incidence of water-borne digeases,

3¢ A corresponiing reduction in medical expensus for the
same reason.
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‘Caloulations for the health benefits and assooiated assumptioas
used are presenmted in Appendix XI-C, Appendix Toble Xi-C-2 shows the
health benmefits on a yearly basis.

R O, ' e Cogts

With the increase in water pressure and the availability
of an adequate amount of water for fire-fighting purposes, it is
reasonnhle to expect that the present level of insurance ~osts would
be reduced significantly, This is because the cost of fire insurence
normally reflects the extent of risks due to fires. With i proved
fire protection, the burden of insurance expenzes of households,
commercial, industrial and ingtitutional establishmonts would be
reduced,

In determining the benefit arising from the reduction in fire
insurance oosta, a mmber of factors ware takem into oonsideraiion.
These include the number of insurable dwelling units in the study
area, projected increase in dwelling units and insurence premiim
rate for buildings in provincial areas., The present value of total
fire insurance benefitis, i8 ghown in Appendix Table XI-C-3,

Reductiop ip Fire Desmge

With the installation of suitable fire hydrants especially in
the high-value as well as the residential districts in the study
area as part of the proposed project, savings due to reduoced fire
damages will result from the availability of an adequate awount of
water and increased water pressure for fire-fighting purpcses. Cal-
culations relative to this benefit are explained in Appemdix XI-C
and shown in detail in Appendix Table XI-C-4.

(No attempt was made to quantify the inconveniemce to the people
rendered homeless and the value of human lives lost due to fire.)

;norengtal Reyenue

This benefit (sometimes called "consumer satisfaction") is
quantified by the additional revemue generated by the water supply
projecte In the case of a comminity which previously did not have
any piped water system, the "oonsumer satisfaction" bemefit may be
measured hy the full amount of the market value of the acoounted
for-water,

For a oommnity wheare the proposed project involves merely the
expanrion anl improvement of the existing system, this bemefit may be
measured hy the market value of the incremental water production
directly resulting from the improvement of the systea.



\»\\\ e

Another approach in quantifying this benefit is tv oouidchg
the incremental total reverme rather than the incremental volume only
(it ie assumed that a higher water rate is associated with the new
project). Caloulations for the incremental benefit using the above
two approaches are shown in Appendix XI-C and Appendix Table XIC-5
and Appendix Table XI-C=b,

U, MNON~QUANTIFIABLE BENEFITS

The non=qu:ntifiabl- Yenefits arising from a water supply pro-
ject are generzlly as i+ ortant as the quantifiable benefits, How-
ever, they do nci = ~ily lemd themselves to valuation. The approach
taken herein is tv zciknowledge their existence and importance. No
attempt has been made to quantify or include them in the benefit-—
cost calculations,

The proposed water supply project will set off a chain of events
beyond its constiuction pericl, Those activities include among others
the inducement to inaustry to establish plants in the study area due
to availability of a dependable water supply, Without such supply,
new indusgtrial and commercial eatablishments would be forced to dew
velop their own supply aystem or relocate elsewhere, The overall
cost of providing separate water systems is normally large and rep-
resents a deterrent to invest in the area and oonsequently to ine
dustrial developmente.

Because of the employment generated by ihe project, hired
laborers are able to spend their wages for purchasing goods at
the local stores, Hence, each peso they spend is generated back
into the income stream of the local economy., In the operation and
maintenance of the project, the water district would find it advan-
tageous to purchase required supplies locally and engage local ser-
vice,

Another way of viewing the benefits of the project is to assess
its implication through the "with" or "without” principle, Follow-
ing is a table which clearly illustrates thc implications if the
project is undertaken or not,
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1. (Water Adequacy

2.

4e

Se

6.

Te

8.

9.

10,

11.

Water Quality

~Yithout" Proisct

will oontime to become in short
supply; service wili be intermit-

"tent and unreliable.

will contime to provide unsafe
water and water-horne diseases
will contimously be a threat.

P&-oml Hygiene of because of current water short-

Served Population

Pearsonal Satisfao~
tion

Enployment Benefits

age, personal cleanliness is
axpected to range from marginal
to laocking.

will be minimnl; signifioant
time spent in {'?tching water,

no improvement,

Fire Protection and no improvement; area vulnerable

Fire Insurance

Water~Uring Indug-
tries in Area

1ocal Tourism

Development of
Areas Adjacent to
Core City Area into
Housing Subdivi-
gions

Wastage of Water —

& Valuable Natural
Resource

land Values

to extensive fire damage because
of water shortage; no reduction
in fire insurance coasts because
the level of fire riske will re-
main essentially the same.

no inducement to industries which
use water as a primary oy seoond-
ary input to locate in the area.

non-availability of piped potable
water and poor sanitation facili-
tics will be a deterrant to local
touriam.

no impetua to the development of
areas adjacent to core city since
not much eoonomic activity can
occur without adequate water
supply

wasteful oonsumption of water
will contime because of the
absence of safeguards to check
its use.

market value of land will resmin
at present levels except for
«ffect of inflation

N
AN

L
.

ZNith™ Proisct

supply will be adeguate at com-
timons pressure.

supply will be safe, wholesoms
and healthful,

will enbance personal hygiene
and overall appearance and clean-
liness of the population,

releases time for other productive
activities; provides "moderniza-
tion" benefits; enhances self-
reliance.

will provide short and long-term
employment benefits.

Will improve the fire~fighting
capabilities of the ares; reduo-
tion in fire insurance cost
since availability of water with
adequate preesure will reduce
fire risks,

water~using industries will be

encouraged to expand facilities,
or relooate in the area,

availability of water, if acoom-

panied Yy sanitition program,
Will help boost local tourism.

will help spur the development
of areas adjacent to core city
into housing subdivisions beosuse
water supply availability some-
how enhances standard of living.

undertaking of metering program
and adoption of new realistic
water rates will definitely
minimige water wastage.

will incresse lanmd vilues by at
least 20 par cent since water
availadbility is a sajor conside-
ration in market values of lamd.



E. BONOKIC 00STS

Senersl

The total cost of the proposed water supply system is the sum
of all expenditures required to realisze project objectives and bene-
fits.

Costs have been divided into the followings
1e Project Costs

2, Replacement Costs

3. Operating and Maintenance Costs

In general, eoonomic costs are easier to identify and quantify
than benefits, This is because most of the oosts are incurred in
real, monetary terms to pay for either goods or services.

Projeot Cogts

Project costs include the comstruction cost of the proposed
facilities such as pipes, meters and equipment, as well as, engineer-
ing services and contingencies, land cost, administrative and legal
fees,

Appendix Table XI-E-1 shcws the construction costs of the pro-
posed water supply project for the water district, They are listed
by componemt as to type of expenditure, in 1976 prices. They are
further brokem down into foreign and domestic oomponents,

The cost of vnskilled labor is sliown separately from the
domestic component of the project. From the balance of the domestio
cost, five per cent was assumed to be in the form of hidden taxes.

Ad;]\_x_stmgte op Projogt Costp

In the determination of the project costs, adjustménts were
made for those items which are not properly valued Yy the price
mechanism, 4 price other than the market price (called the shadcw
price) was imputed to these items. In this way, most of the effects
which ocould be identified, whether primary or secundary, wers incorpo-
rated directly into the project analysis and imputed as direct oosts
to project inveetment. The 'shadow prices' used in this analysis
are those employed by international lending institutions and the
Planning and Project Development Office (FPIO) of the Department of

Public Works, Transportation and Communication,



One of the items where 'shadow pricing® was applied ia the
price of unskilled labor (otherwise known as common labor), In a
perfeotly competitive market, the price of labor is determined by
the marginal value of its product. In this case, therefore, the
prioe of labor is equel to the value of the output which an extra
laborer hired would produce. However, this is not applicable in
an economy such as that of the Philippines where there is a surplus
of labor, Since there is widespread disguised unemployment in such
an eoonomy, unskilled labor is normally valued below the aotual wage
rate likely to be paids In this study, the opportunity cost of un-
skilled labor or its potential in other employment was valued at
e5 times its estimated cost in the project. The net effect is to
reduce the oost of unskilled labor by one-half, thereby reducing
also the summation of project cost.

Skilled labor, on the other hand, was valued at its going rate,
It was assumed that if skilled labor were not employnd in the study
area, 1t would probably migrate elsewhere to obtain employment or
better wage,

~ Ad/ustments were also made with respect to cost of project
facilities which use up the limited foreign exchange reserves.
Foreign exchange used to import project components was valued at
1.2 times their actual peso cost. This effeotively increased
foreign exchange cost by 20 per cent, thereby affecting project
cost in a similar manner. Thls was done to reflect the opportunity
cost or alternative value of foreign exchange. Domestic comaponent s,
on the other hand, were priced at their actual cost,

Taxes were excluded in this analysis since the project will
be unlertaken by the government for the benefit of the ooamunity
and hence, will involve morely the transfer of funds among govern-
mental agencles. It was assumed that some amcunt of taxes in one
way or the other was hidden in the project costs.

Interest was likewise excluded since this is considered a
finanocial instead of an economic cost.

Adjusted project costs with the shadow pricing are presented
in Appendix Table XI-B-1,

Replacement Coste

Based on the criteria used in the financial studies, vehicles
have a life expectancy of seven years while meters are expected to be
replaced every 15 years., Other equipment used for souroce develop-
ment, storage tanks and for the early action progran have a life
expeotancy of 25 years. All other facilities in the system are
expected to last for 50 years.
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Diring the 24~year period from 1976 to 2000, therefore, only
vehicles and meters will have to be replaced. Appendix Table XI-B-2
shows the replacement schedule and costs of vehicles and meters.

Salvage Value

Appendix Tables XI-E-3 and XI-F=4 show the salvage value schedule
for all the capital equipment to be used in the projects The capital
equipment are listed togethar with their assumed life expectancy.

Operatipg and Maiptenance Cogts

Operating and maintenance costs refer to the costs associated
with the waintenance, operation and management of the project,
Otherwise known as anmal costs, they include personnel, power,
chemicals, and other miscellaneous maintenance expenses wuch as
fuel and lubrication, repairs, commnication needs and office remtal.
Only the operating and maintenance costs of the proposed project
(ieee, excivding those of the present system) were considered in
this study.

Appendix Table XI-E-5 presents the incremental anmial reaurring
coats asgociated with running and operating the water district up to
2000.

Calculation for Economic Costs

The economic cost may be expressed as the adjusted (shadow priced)
project cost plus replacement cost plus operation/maintenance cost
less salvage value. Appendix Table XI-E-5 shows the computation of

total economic costs under the first approach while Appendix Table
X1-B-6 shows the costs under the second approach,
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¥, BENEFIT-COST ANALYSIS

.‘l'ho sumary of the quantifiable e¢conomic benefits and econcaio
ocogts, using the first approach is shown below (bemefit and ocosts

expressvd in oonstant 1976
cent to their present worth):

ices and then discounted at 12 per

FIRST 4 ACH
ink?
Benefits Costs
Increase in lLand Values ?13.76 Adjusted Project Cost P17.41
Health .28 (+) '
Reduotion in Fire Insurance 2,56 Replacener(ﬁ)Cost ‘ 37
+
Reduotion in Fire Damage 22 Operating and Maintenance 2,33
Cost
Incremental Revenue (=)
(Consumer Satisfaction) 13,40  Salvage Value 1.18
Total 30,22 Total r18.93

Benefit-Cost Ratio = 1,613l

For the second approach, benefits included were confined to
reduction in fire damage and the incremental revenue (takdng into
account the overall revenue resulting from the new project), Doth
eoonomic benefit and cost atreams were expresged in their escalated
values to 1990 (beyond 1990, costs and benefits were held oonstant ).

The annual values were in turn discounted at 12 per ocent,

The sum—

mary of the ecconomic henefit and cost streams is as follows:

SECOND APPROACH

inXp
Benefits Cooto
Reduotior in Pire Damage P .63 Adjusted Project Cost P28,.23
+
Inorem:nt&l Revenue 53.85 Replacemex(xt)Coat 1.74
+
Operation and Maintenance
Cost 6.41
Salvage Value 6.45
Total P£54.48 ~ Total P28.93

Denefit=Cost Ratio = 1.88:1
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The preceding iables show that by either approach or methodrlogy
- shows that the quantifiable benefits exceed the ecomomic costs asso~

ciated with the improvement of the water supply system in Lipa City.

Under the principle of benefit-—cost ratio, the project is, therefore,
considered economically feasible, ,

The actual benefits of the proposed projeot may be really greater
than what the benefit-cost ratio represents because the non~quantifi-
able benefits have not been incorporated into the analysis for obvious
reasons,

G, INTERNAL ECONOMIC RATE OF RETURN

~ The internal economic rate of return (IERR) is the rate at
which the present value of the quantifiable benefits is equal to
the present valua of the economic coste of the proposed projeoct,
It is generally held that for a project to be feasible and deair—
able, its IERR should be higher than the prevailing opportunity
cost of capital. In this particular study, the opportunity cost
of capital is 12 per cent,.

As in the oomputations of the benefit-cost ratic, data of the
two approaches were used in the determination of the IERR, Under
the first approach where all five quantifiable benefits were con-
sidered, the IERR is 23 per cent., Using the second approach, the
IERR is 22 per cent, These are showa in Appendix Table XI-B-7,

On the basis of the above stated prinoiple of IERR, the pro-
posed project appears to be economically feasibles and Justified,
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